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An innovative approach to
the condition monitoring of
excavators in open pits mines
Inovativni pristup praćenja stanja bagera na
površinskim kopovima
Ninoslav Zuber1, Hotimir Licen2, Rusmir Bajric3
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Abstract
This papers presents an innovative approach
to condition monitoring of rotating equipment using internet technologies and automatic vibration
diagnosis. As a case study an installation of the
system on a bucket wheel excavator is shown. For
the purpose of evaluating significant vibration features as well as for analyzing the load / vibration
relationships methods of advanced multivariate
statistics is utilized.
Keywords: vibration, automatic vibration
analysis, remote online condition monitoring,
bucket wheel excavator
Sažetak
Ovaj članak predstavlja inovativni pristup
praćenja stanja rotirajuće opreme korištenjem internet tehnologija i automatske vibrodijagnostike.
Prikazana je studija slučaja instalacije sistema na
rotornom bageru. Korištena je multivarijantna
statistika u svrhu ocjenjivanja značajanih vibracijskih obilježja, kao i za analizu odnosa opterećenja
i vibracija.
Ključne riječi: vibracije, automatska analiza
vibracija, daljinsko online praćenje stanja, rotorni
bager.
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1. Introduction
Increase of machine’s uptime through minimization of equipment failures is the crucial element
for maintaining and raising the productivity in every plant. Failures with random occurrence cause
huge losses of production capacity. Therefore the
implementation of some type of maintenance strategy with the purpose of monitoring the operating
condition of machine is an absolute must. There
are several different approaches in monitoring the
operating condition of a rotating machine:
1. Curative maintenance i.e. “run to failure
maintenance” and
2. Preventive maintenance which can be
divided into:
a) Systematic i.e. time based maintenance.
Also known as resource based maintenance
b) Condition based maintenance (CBM)
based on monitoring of specific
parameter which directly corresponds to
the operating condition of the machine/
equipment. Mechanical vibration is
one of the best candidate for such a
parameter.
From the point of data acquisition and analysis
periodicity, systems for machine protection, monitoring and diagnostic can be:
3
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1. Offline systems: systems for periodic maintenance of machines mean periodic data
acquisition and analysis, based on time intervals
determined by the vibration specialists and
responsible maintenance managers.
2. Online: permanently installed systems for
vibration signals acquisition and analysis.
Fully active 24 hours per day, 12 months
per year.
The applications of the above mentioned techniques have several advantages / disadvantages
so that they should be evaluated from the point of
return of investments (ROI). Choosing the proper
technique requires some analysis of the type and
purpose of the monitored machine [1], [3]. For example critical machine requires an online monitoring system with protection, surveillance and diagnostic functions (Figure 1). On the other hand, condition monitoring of simple machines like pumps
or fans can be based on portable handheld vibration
analyzers and periodic measurements and analysis.

Figure 1. Approaches to condition based maintenance for different types of equipment
Also some additional elements should be evaluated too, when choosing the proper maintenance
approach for a specific rotating machine. This vindicates the concept of remote condition based monitoring [2]. The traditional condition based maintenance methods guarantee the total production
improvement through the reduction of maintenance
costs and maintaining the invested capital, but the
basic request for an on site presence of a highly
qualified and educated personnel can be sometimes
very expensive [4]. Let us take as an example an
online monitoring of critical equipment. The price
for a multichannel protection and diagnostic data
acquisition online system can be quite high. On the
other hand, if the plant already installed the system
4

on site, the need for further investments is still present: highly skilled and educated vibration specialists
are necessary for vibration data analysis, and in the
case of offline systems for on site data acquisition
too. Well trained and skilled personnel must be present on site. The investments required for the mentioned personnel engagement can be analyzed from
an additional point of view, especially in the cases
where the company doesn’t have plants centralized
in one region. We can see an ongoing trend that big
multinational corporations have plants all over the
world. In order to cut the production costs through
the reduction of workers and also through engagement of cheaper working power, big companies
tend to physically (geographically) divide the management and administration from the production
and maintenance. Unfortunately, as a consequence,
these divides, raise the costs of traditional on site
condition based maintenance implementation. As a
result a new approach in condition monitoring of
machines using internet technologies arises: remote
online condition monitoring of rotating machines
where the traditional on site maintenance (physical on site presence) is replaced by the web based
maintenance of equipment. The main benefit of a
computer network, compared to the old fashioned
way of on site data collecting, is fast and cheap
data acquisition and data transfer from one place to
another. By including a high speed computer network into a vibration monitoring system, complete
vibration signals (time domain signals, frequency
spectra, scalar vibration features) and conclusions
can be transferred into a specific database. Using
this database maintenance managers and vibration
specialists have a real time insight into a machine
condition. Web based condition monitoring can be
applied to both offline and online monitoring systems. However it is much more present in online
systems since the web based monitoring in the case
of offline systems mean only remote database and
vibration specialists while some presence of maintenance personnel on site is still required for the
purpose of vibration data collecting.
Figure 2 presents one of many possible schemes
for monitoring of remote machines. These machines
can be monitored offline or online. Critical machines are equipped with online systems for permanent monitoring which are using TCP/IP protocol
for communicating with the database. On the other
2010
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hand, we are using offline monitoring techniques for
the machines which belong to the machine group for
balancing the plant (non critical machines). In the
distant diagnostic centers highly skilled and educated vibration specialists analyze the acquired vibration data, make the reports and suggesting all the
corrective actions on the machines.

Figure 2. One possible configuration for the web
based condition monitoring
2. Case study: Implementation of adaptive
remote online conditon monitoring of a
bucket wheel excavator
2.1. System architecture
As a case study of a successfully applied adaptive remote condition monitoring, an online monitoring strain and vibration monitoring system, installed on a bucket wheel excavator SR1300.24/2.5
(Figure 3) at Kolubara open pit coal mine is presented. It’s a part of the Project [5] financed by
the Serbian Ministry of science and technological
development.

Figure 3. SRs 1300.24/2.5 bucket wheel excavator located at Kolubara open pit mine (field D)
2010

This project was initiated by the Faculty of
Technical Sciences, University of Novi Sad, Serbia and the Kolubara open pit mines. The main
motivation for the above mentioned concept implementation were the facts that this excavator:
1. Is a highly critical machine for the coal mine
production
2. Experiences high levels of non stationary
dynamic loads. The end user was therefore
interested to see if the levels of these
dynamic loads are much higher than the
declared loads and therefore proposed an
installation of intelligent online monitoring
system for the measurement and analysis of
stresses and vibration levels on the excavator
with the possibility to give a realistic
diagnostic and prognostic conclusions about
the operational state of the excavator.
As a result a combined system of remote monitoring was proposed and installed. The proposed
monitoring system monitors not only vibration signals from the drives and gearboxes but also stresses
and strains in the critical parts of the excavator’s
construction. The strain measurements are done using strain gauges while the vibration measurements
are based on IEPE accelerometers. For the strain
measurement, the universal measuring device
MGCplus and CatMan software from Hottinger
Baldwin Messtechnik was used, while for the vibration measurements a multichannel OneproD
MVX Premium system and an accompanying XPR
software from 01dB-Metravib, Areva was installed.
Measurement points for the strain measurements are:
1. Holders of the bucket wheel arms (2
measurement points)
2. Bucket wheel arms, left side (6
measurement points)
3. Bucket wheel arms, right side (6
measurement points)
4. Main column, left side (6 measurement
points)
5. Main column, right side (6 measurement
points)
6. Rotating platform (12 measurement points
with 4 rosettes)
7. Counterweight holder (8 measurement
points)
5
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On the other side, the absolute vibrations are
measured on the following drives:
1. Bucket wheel drive with gearbox (10 radial
vibrations and a tacho)
2. Rotating platform drive and gearbox, left
and right drives (10 radial vibrations and a
tacho)
3. Conveyer belt drive and a gearbox (5 radial
vibrations )
4. Drives and gearboxes for the bucket wheel
elevation (10 radial vibrations)
Vibration parameters for monitoring of the
drive’s operating states are:
- SCALAR (overall values) parameters:
RMS level of vibration velocity according
to the ISO 10816, overall level of vibration
acceleration (in several frequency bands),
Defect factor for the ball bearing state
evaluation, Kurtosis factor, and many
frequency peak extractions (first 5 harmonics
of the main shafts and first 5 harmonics of
the gear mesh frequencies).
- VECTOR values (signals): Frequency
spectra in 3 different frequency bands with
3200 lines of resolution (2 - 200 Hz, 2 2000 Hz, 2 – 20000 Hz), Time waves 0 2.56 kHz with 4096 point synchronously
acquired and averaged with a tacho signal.
Also the elevation angle of the bucket wheel
holders is measured by an analog inclinometer.
For the acquisition triggering i.e. for the definition
of the operating conditions, digital inputs of the
MVX device are used (Digital input #1 – bucket wheel drive gripe, Digital input #2 – rotating
platform drive gripe, Digital input #3 – elevation
drives gripe, Digital input #4 – moving direction detection (detection of direction changing
left-right and right-left). Also, as a governing parameter of the operating condition definition, the
bucket wheel torque measurement is performed
by measuring bending stresses at the the third support of the bucket wheel.

Figure 4. Measurement point locations at the
bucket wheel drive gearbox

Figure 5. Measurement point locations inside the
bucket wheel drive gearbox

Figure 6. Third support of the bucket wheel
where the strain gauges were applied for torque
measurement
Both, above mentioned measuring devices,
are TCP/IP based and are connected to the excavator’s local area network. On the same LAN,

6
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the dedicated data server, with OneproD XPR
300 and HBM CatMan 5.2R5 sofwares installed,
is connected and placed in the operator’s cabin.
OneproD XPR software is responsible for the vibration data analysis while the CatMan software
acquires and analyzes the strain measurement signals. Also the dedicated software, responsible for
preprocessing and storing special scalar vibration
features for the purpose of subsequent data exploration using methods of artificial intelligence,
written by the author is installed.
Local area network from the excavator is,
over the dedicated Wireless system, connected to
the first AP (access point) which is located at the
periphery of the open pit mine. This AP is, using
wireless local area network (WLAN), connected
to two client computers. One client PC is for the
“Kolubara metal company” maintenance group
while the other one is for the authors of this paper.
Simplified architecture of the described system is
shown on the Figure 7.

Figure 7. Remote bucket wheel excavator monitoring scheme
The monitoring system’s structure defined and
installed in the described way enables a real-time
insight into the excavator’s operating state by the
personnel at the excavator, the personnel from the
maintenance team of the coal mine, Vibration specialists from the University of Novi Sad.

2010

2.2. Results
Just several weeks after being installed, the
system gave some very interesting information
regarding the nature and levels of dynamic loads
as well as regarding the very progressive development of failures on some ball bearings of the
monitored drives and gearboxes.

Figure 8. Strains [mm/m] on the bucket wheel
arms during the digging process
On the excavator’s operator display, a real-time
insight into the excavator’s and its drive’s operating state is performed using the so called DDG
(double detection grid) where according to the
current level of the vibration parameter, the corresponding field is marked with green (OK), yellow
(alarm) and red (danger) color.
A classic vibration monitoring approach by
measuring, calculating and comparing the current vibration parameters with their statistically
derived alarm values is possible at drives where
the stationary working conditions are present (for
example at conveyer belt drive and a gearbox). On
the other hand, at the drives where a non stationary operating condition is present (rotating shaft’s
speed and load changes significantly) a much
more sophisticated approach is needed since the
level of the driving torque combined with the actual shaft’s speed affects the level and the content
of the vibration spectra [6]. In order to find the
relation between the load and vibration features
a set of 70 reference measurements on the drive
and gearbox of the bucket excavator are recorded
where by systematically varying the excavator’s
technological parameters a change of load and
7
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speed is produced. A dependence of the vibration
velocity and load is shown on figure 9, while table
1 presents the equations of linear fit.

Figure 9. Scatter plots showing the dependence
between load and vibration velocities at the bucket wheel gearbox
Table 1. Equations of linear fit between the
torque [mV/V] and vibration velocity [mm/s]
Measuring point

linear fit equation
(x – torque value [mV/V])

L1

y = 17.7646 - 40.1581*x

L2

y = 22.7851 - 44.8598*x

L3

y = 9.1949 - 12.8581*x

L4

y = 9.6703 - 14.8182*x

L5

y = 4.1505 - 4.6346*x

L6

y = 4.1357 - 4.9565*x

L7

y = 4.1246 - 5.6516*x

L8

y = 3.704 - 4.3087*x

Taking into a consideration that there is a strong
dependence between the vibration values and the
driving torque an automated online vibration diagnostics presents a real engineering challenge.
Generally there are 2 different approaches to
the possible solution of this problem:
1. Normalization of data: in this approach we
normalize the vibration features in order to
effectively cancel out the influence of the
torque variability. This approach is effective
in cases where we can identify a single
influencing and continuous parameter [8].
2. Another approach, which could be
appropriate in cases where the relation
8

between the governing parameter and
vibration features is non linear [7], is to
divide the complete range of governing
parameter into several bands, that is to
define several separate operating conditions
and to analyze them separately by means of
defining special vibration features as well
as different sets of alarm values for each
operating condition.
For the purpose of automatic vibration diagnostic of a bucket wheel excavator we utilized the
second approach: the shaft speed and the driving torque are measured in real-time, based on
their values an operating condition detection takes
place and an acquisition setup for this operating
condition is performed. When completed, vibration features are compared to the alarm values that
corresponds to the identified operating condition.
Some existing bucket wheel excavator’s online
monitoring systems deals with this non stationarity
in a very simple way [9] by taking measurements
only at critical levels vibration and torque levels.
Here we take into account all the existing operating states – conditions of the excavator, which,
among other, allows us to statistically evaluate the
presence of different conditions during the working shift. Based on this analysis, some suggestions
for the excavator’s operators regarding the technological parameters influence on the vibration and
strain levels at the excavator, can be given.
Despite the above mentioned approach is
proofed as effective, the authors were interested
to see if there is a vibration feature which could be
insensitive to the variation of the load. Since the
main interests of the end users (members of the
maintenance team from the bucket wheel excavator) are related to the ball bearings degradation,
the analysis of the following vibration features is
performed: Kurtosis parameter, crest factor, overall acceleration values in several frequency bands
and bearing defect factor. Kurtosis parameter is
also known as the 4th order centered moment of
the time series and is calculated as:
1
Kurtosis =
N

 xi − m 
∑1  s 
N

4

1.

2010
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Where N is the total number of samples in time
signal, xi is the vibration amplitude of the i-th
sample, m is the men value while s is the standard
deviation of the acquired signal.
Crest factor is defined as a ratio of the peak value and root mean square (RMS) of the vibration
signal. Defect factor is defined as a linear combination of peak value and RMS value:		
D F = a × Peak + b × R M S

2.

In order to check the above mentioned parameters sensitivity to load and speed variation, an
analysis of the recorded data in three weeks of
evidenced and reported ball bearings degradation
at measurement locations (L3 and L4, Figure 6) is
performed. As we can see from the figures 10 and
11 (note that the trend include all operating conditions in the analyzed period of time), defect factor
insensitivity to load and speed variation is, when
compared with the vibration velocity for example,
superb. Therefore we can conclude that the defect
factor can be used as a ball bearing defect parameter and that it can be used without taking into account the current operating condition.

Figure 11. Trend of RMS vibration velocity during the ball bearing degradation phase
3. Conclusion
The above mentioned concept of remote machine condition monitoring offers promising results in minimizing machine downtimes through
remote engagement of highly specialized vibration analysts or automated vibration analysis systems. The effectives of the explained approach
is demonstrated on the example of an automated
online adaptive remote strain and vibration monitoring system of the bucket wheel excavator. The
applied system is evaluated by the end user and
a government body [5] as proved innovative approach to condition based maintenance.

Figure 10. Trend of DF parameter during the ball
bearing degradation phase

2010
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Application of new
technologies in
recontructive approach to
stone bridge constructions

Key study: Two ottoman’s bridges
in Rogatica
Upotreba novih tehnologija u rekonstruktivnom
pristupu kamenim mostovnim konstrukcijama;
Key study: dva otomanska mosta u Rogatici
Lemja Chabbouh Aksamija, Lana Kudumovic
Faculty of Architecture, University of Sarajevo, Bosnia and Herzegovina

Abstract
Analyzing the stone bridge constructions on the
Imperial ottoman road accross Bosnia nad Herzegovina, and following a road that during Ottoman
period was directed towards Istanbul as a gravity
center of the emire, we have found a number of
bridge constructions that represented an important form bench mark but were partialy or completely destroyed due to lack of maintenance or
time wear. Two bridge constructions in the town
of Rogatica, which was an important center with
caravan cross-roads during the Ottoman Empire,
are used for an example of facsimile reconstruction based on the documentary photographs of the
original state that were digitally processed, and afterwards reconstructed a measured value of these
objects using known parameters like width of
river bed and height of the road alignment. In this
way, it was determined that there it was a possible
2010

reconstruction using mutual denominator when
observing construction parameters, but also about
already known formative matrix that is specific for
the time period when these objects were built. The
results that were achieved in mentioned examples
show that this aproach could be used for a succesful reconstruction of the buildings of architectural
heritage that have disappeared, but for which there
exists valid documentation.
Key words: Architectural heritage, stone
bridges, vernacular heritage, traditional bridge
constructions, facsimile reconstruction, photo reconstruction.
Sažetak
Analizirajući kamene mostovne konstrukcije na
Carskom otomanskom drumu kroz Bosnu i Hercegovinu i prateći put koji je u otomanskom periodu
11
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bio usmjeren prema Carigradu kao gravitacionom
centru carstva, naišli smo na jedan broj mostovnih
konstrukcija koje su predstavljale značajan oblikovni reper ali su sasvim ili djelomično uništene
usljed neodržavanja ili djelovanjem zuba vremena. Na primjerima dvaju mostovnih konstrukcija
u gradu Rogatici, koja je u vrijeme Osmanskog
carstva predstavljala značajno raskršće karavanskih puteva, dat je primjer faksimilske rekonstrukcije na osnovu dokumentarnih fotografija izvornog stanja koje su digitalno obrađene, a potom
rekonstruisana mjerna vrijednost ovih objekata
uz pomoć poznatih parametara kao što su širina
riječnog korita i visina kolovozne trase. Na ovaj
način utvrdili smo da se radi o mogućoj rekonstrukciji korištenjem zajedničkih imenitelja kada
je riječ o konstruktivnim vrijednostima, ali i o već
poznatoj oblikovnoj matrici koja je karakteristična
za vrijeme nastanka ovih objekata. Rezultati koje
smo dobili u našim primjerima potvrđuju da se na
ovakav način uspješno mogu rekonstruirati objekti graditeljskog naslijeđa koji su nestali, ali o
kojima postoji validna dokumentacija.
Ključne riječi: Graditeljsko naslijeđe, kameni
mostovi, vernakularno naslijeđe, tradicionalne
mostovne konstrukcije, faksimilska rekonstrukcija, fotorekonstrukcija.
Introduction
In the text that follows, besides a definition of
the phrase „stone bridge construction“ there will
also be use of phrases like „small, medium and
large arch“. This is not an attempt to define new
terminolgy but an attempt to start re-use of those
that were not used enough and therefore certain
necessary explanations are needed. The goal is to
distinct the phrase „bridge construction“ from the
term „bridge“ in general.
The first term should accentuate a architectual-builder’s - deliberate act to connect two river
banks, and should differ from the term „bridge“
that represents more general term and can be used
in a syntagme as any type and form of connection
(in dentistry, surgery, history, politics etc.).
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Figure 1. Old maps with bridge location
The other terms, that refer to aperture of bridge
constructions, scientifically justified are terms
small, medium and large arch. Namely, we are
witnesses of completely unprecised ccharacterisations of bridge constructions in literature, for
example“Višegrad’s“ bridge and “Old bridge” in
Mostaru are defined as bridge constructions with
large arch, although one of the two has many small
arches and relatively long roadway, while the other has a relatively short roadway and a large arch
of single-arch bridge construction.
What are the small and medium arches?
By analogy, those would be bridge constructions with short or medium long roadway to wich
are attached at most five to six smaller arches or
one bigger arch onPo analogiji, bile bi to mostovne konstrukcije sa kratkom ili srednje dugom
kolovoznom trakom za koju je vezano najviše pet
do šest manjih lukova ili jedan nešto veći luk on
single-arch bridge constructions.
Vernacular architecture of bridge construction
Architecture without architects is a formulation used to define the most common residential
buildings of the architectural heritage, that are not
2010
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evaluated by any other standards, and which carry
certain ideas or spiritual messges from the time
period they were built in. Vernacular architecture
is in most cases connected to people’s architecture, therefore to environmental spaces in which
it was made. There were few chances to meet this
term in connection with architectural achievements such as bridge constructions. However, the
focus of vernacular architectural heritage is not on
an explicite function, but rather on a fact that these
objects were build by hands of people’s builders,
without previously defined construction project,
and without specific style determination, but with
strongly expressed traditional values. Characterisation of these objects defined by tradition in
shaping, selection of material and constructions,
is already enough determinant which gives a true
picture of space with help of historicaly defined
elements. Vernacular objects are in most cases part
of the complex, so bridge constructions are in most
cases defined within one environmental complex,
or as a part of unique historical appearance. Insofar, the choice of Imperial road accross Bosnia is
a determinant that connectscombines these objects
and connects them with historical itinerary.
A modern approach to active conservation
of traditional architecture
All bridge constructions that will be mentioned
in this elaboration have gone through a process of
legal conservation that has been regulated, and under which conditions one object has certain values
and can be declared a monument of national importance. All of them are registerd and protected
by court decissions, that were brought as legislative acts in the 1960s and ‘70s. However, many
different factors, from war destruction to negligence of society at large, have led to a situation
that this group of national heritage is almost completely lost in the globalization process, modern
architecture and amazing negligence of the society at large. It appears that the attitude towards the
heritage is not so unlogical at all, since the period
of global crisis brings existence issues regarding survival of some aspects of the heritage that
are burden for the state budget, and no source of
any income at all. It is exactly this example of the
2010

group of objects, placed in the architectural heritage, that speaks opposite.
Sustainability, as a phenomenon determinant of
the development process of modern society, has
become an inevitable factor when speaking about
heritage. A modern approach to active heritage
implies a process that is made of two basic elements, conservation and reconstruction from one
point and use from the other point of view. This
process has been planned in order to give a chance
for architectural heritage to enter the focus of interest of some economic branches like toursm.
The theme of bridge constructions represent for
axample a potential whose purpose is presented
through the road-means a journey that becomes a
guide idea in an approach made by touris offer. A
culture route that combines such a travel through
history , in which the focus is on the old routes
of roman, bogumil’s and ottoman’s roads can become an attractive destination. Definitio si ne qua
non of the such concept is conservation of the architectural heritage, so previous conservation-restauration works on these objects represent the firs
step in this process.
Historical development of bridge
constructional systems
From the historical point of view, a phenomenon of a human need for water has attracted,
gathered and connected people from all over the
world, but at the same time as a natural obstacle
for contacts from both sides it has divided them
too. Natural route of gullies, springs and rivers has
also represented the most logical communication
route for peoples’ movements, no matter whether those were everyday crossings from one river
nbank to another one or if those were attempts for
which huge efforts were required as well as energy, smartness with a goal of achieving certain
aimes in those times and travels expressed in peoples’ migrations, transportation of goods, different
types of travels, warfares. However, changes and
progress in living conditions, development of agriculture and livestock farming, more frequent exchange of goods, development of warfare strategies have gradualy came to a positioned and thougt
building of crossings over obstacles for which im13
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plementation were used wood, later stone as a basic material for that purpose and at the same time
practical and useful rules of building were defined
for building of bridge constructions. Development
proces of bridge constructional systems, as presented by historical sources1, was long and slow.
Old neimari2 were equaly good in implementation
of beam3 and console4 systems. Apart from these
systems, well known are efforts that were put into
buildin of pontoon bridge constructions 5 with use
of self-standing stone blocks, then animal skins
filled with reed, later wooden barrells, and even
later appropriately connected horizontal constructions of boat hulls accross which there was connecting and track wooden mass.
1. See: A History of Technology...; Atlas svjetske povijesti,
The Times, Zagreb,1987; Bedenko Vladimir: Razvoj
arhitekture i umjetnosti I-IV, skripta AFS u Zagrebu,
Zagreb, 2004; Casson H.: Bridges...; Croizette Desnoyers:
Construction des Ponts, Paris, 1885; 1998; Çulpan
Cevdet: Türk tas kopruleri, Türk tarih kurumu Besimevi,
Ankara, 1975; Demaret Jean: Esthetique et construction
des Ouvrages d’Art, Dunod, Paris, 1948; –urović V.: Neke
konstrukcije iz nedavne prošlosti našeg građevinarstva
(od XVI do XIX stoljeća), Naše građevinarstvo, 1953,
br. 5, str. 699; Gojković M.: Neki aspekti i iskustva sa
sanacija, konzervacija i rekonstrukcija spomenika kulture
utilitarnog karaktera, 2. Jugoslavensko savjetovanje
o sanacijama, Maribor, 1986, str. 67-75; Ilter Fügen:
Osmanlilara kadar Anadolu Türk koprüleri, Ankara,
1978; Jervoise E.: The Ancient Bridges of the South of
England, Westminster, 1930; Jurecka Charlotte: Brücken,
Wien und München, 1979; Katanić Nadežda, Gojković
Milan: Građa za proučavanje starih kamenih mostova
i akvadukta u Hrvatskoj, Jugoslavenski institut za
zaštitu spomenika kulture i Republički zavod za zaštitu
spomenika kulture SR Hrvatske, Beograd-Zagreb, 1972;
Moll Udo: Brücken in Deutschland, Bildatlas spezial, HB
Verlags und Vertriebs-Gesellschaft mbH, Hamburg, 1983;
Wilson a Tours; International conference on gestion des
ouvrages d’Art - Inspection, maintenance and repair of
road and railway Bridges, Bruxells, Paris, avril 1981;
Pischel Gina: Opšta Povijest Umjetnosti (Slikarstvo
Kiparstvo, Arhitektura, Primijenene Umjetnosti), Zagreb,
1966; Random House Encyclopedia, New York, USA,
1977; Yi-Sheng Mao: Bridges in China, Old and New,
Peking, 1978.
2. neimar, -ara m (ar.) – architect, builder, civil engineer.
3. gredni sistem – linear piers leaned on two ore more
bracings
4. konzola, konzolni sistem – bearing system constrained at
one end and free at another.
5. ponton, pontonski most – bridge construction that leans
on floating objects (pontoons).
14

Figure 2. Review of development from th
simplest to the more complex bridge form,
construction-combination stone blocks and
wood holdings type of bridges
Thanks to building experience of old Etruscans6
who, with huge imagination, have discovered secrets of vault construction, the vaults have gradualy been implemented in the bridge architrecture
becoming the basic construction bearer element of
the stone bridge constructions regardless to the size
of arch constructions and the total size of bridge
constructions. In time, it became a new impuls in
creating and shaping of stone bridge constructions
on the Balkan peninsula where, alongside with
6. The Etruscan builders used v-shape of tesanik and radial
direction of bearing joints.
2010
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Figure 4. Bridge construction on the river Buni in Kosor
already known beam constructions, bridge architecture has got a new impuls with implementation
of v-form of chipped stone7 and radial direction
of bearing’s jointsa8. In this way, a problem was
solved with side press of an vault that transffers to
piers i.e. a pier is made in such way to be able to
receive a horizontal pressure from the vault9. From
such concept of an arch, Roman bridge architecture as well as architecture in general have been
brought to perfection and became basis for all others, later built bridge stone constructions in the
areas of Europe and Middle East. Problems with
bigger arches and dominant semicircular shapes
of arches has cause, aside from better processing,
use of bigger stone blocks- kvadera through the
whole constant depth of the vault10, as well as a
smaller number of radial joints of minimal thickness. Such conditionality has been actualized also
because of the fact that first constructions were dry
-built without use of mortar and with use of metal
connections- taps. On bridge constructions with
multiple apertures, middle river piers were shaped
with or without beaks, mostly in triangular form.
Later, there were findings about better binding
material- limestone mortar mixed with pozzolana
or well grinded bricks. Some time later, even better binding material was in use Roman concrete
or pseudo concrete with certain hydraulic proper7. Chipped stone– a stone mass that is processed on all
surfaces, while bearing and connecting surfaces may be
differently processed. If the surface is better processed
then thickness of connecting mortar is less and vice versa.
8. spojnica u zidnim konstrukcijama – a surface between
built in elements, stones, bricks.
9. One of the specifics of stone bridge constructions is
large „constant load”, large static influences from own
weight. Since these constructions’ main bearer is vault,
static system- constrained arch, aside from vertical, this
system causes horizontal reactions too, horizontal thrust
of the vault, causing the piers of bridge constructions to
be massive, and their masses transfer these horizontal
thrusts via foundations to the ground.
10.		Vault thickness is defined by upper and lower vault line.
2010

ties, where binding and hardening processes could
have been made even under water mass11.

Figure 3. Archs structures such as bridges ancient Greek Cyclopean bridge located south of
Athens and forms of vaults and arches of stone
blocks in completion
Problems of founding were solved with open
foundations hole, fill up of stones, tips and open
wooden boxes made of wooden material priboj
11.		Such connective mixture was a result of river sand,
gravel, limestone and additives of pozzolana properties,
and even eggs (influence of gelatin). See: Urović V.:
Neke konstrukcije…, str. 699.
15
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Figure 5. Bridge construction on the river Buni in Kosor
with or without pumping out of water from the
foundation hole. Well known are foundations with
use of cofferdam of double sheet pile wall with interspace filled with soil-clay. However, when analysing the size- proportion of piers it is possible to
draw a general rule which tells us that the pier’s
width was determined by one third of the bridge’s
aperture-vault. In the “golden century” period of
the Roman art, either hidden or vissible alleviate
arches appeared, which were in most cases placed
above piers with a respectable role in constructionaesthetic values of the bridge construction itself.
Aside from those, frontal and wing wall masses
have already mentioned double function. As by a
rule, the are finished with a crown of simpler or
more complicated profile, while larger surfaces
of frontal ewall masses are decorated with plastic applications- nišanima, kontraforima12 or with
sculptural- relief ornaments. Certain elements of
the mentioned characterisations were also visible
at a strikengly example of the Roman bridge architecture of stone bridge constructions in the area
of Bosnia nad Herzegovina, which was located
on an old Roman road route, approximately in the
middle of the road didstance between Blagaj and a
small place Buna on the river Buna.
Thanks to its placement in the vicinity of a small
village Kosor, in the newer period, this bridge construction has been marked as “Kosorska ćuprija”
with seven vaults which, until 1945 when it was
mined and destroyed, was considered the oldest
preserved bridge construction from the Roman
period in this region.13 A support to this statement
i.e. that it was a bridge construction from the Roman period, can be found in the fact that limestone
mortar on this construction contained - grinded
bricks, like in the mentioned elements and a way
of positioning of this object. The total length of the
12.		kontrafor – masonry backer.
13.		Čelić D., Mujezinović M.: Stari mostovi…, str. 261-262.
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brifge construction, together with piers and rising
gate, was 57 meters, its width was around 4 meters, while the width of shafts was from 2,6 to 6,5
meters.. Across semicircular arches towards the
middle, the roadway has a very mild rise. The object was built from limestone and sedra14. Thanks
to preserved remains of this object, one arch along
the right river bank and visible piers that were
bearing the construction, photo documentation, as
well as precise measurements and schemes made
by Radimski15 there is high certainty when indicating correct measures observing from the right
to the left river bank: first aperture 2,6 meters, pier
2,0 meters, second aperture 6,0 meters, pier 2,0
meters, third aperture 6,5 meters, pier 1,9 meters,
fourth aperture 5,9 meters, pier 2,2 meters, fifth
aperture 6,2 meters, pier 2,2 meters, sixth aperture
5,1 meters, pier 1,8 meters, seventh aperture 5,3
meters, distance between abutments 49,7 meters,
approachesi (2x4m) 8,0 meters, and total lenth
of 57,7 meters. On the basis of presented data it
can be concluded that the pass band of all apertures was 37,60 meters, while the piers measured
for 12,10 meters. These data are accentuated becauzse they enable precisze determination of a
surface that piers covered comparing to the total
surface of the river bed under the bridge construction. It was 25%. From the same sources, data are
collected regarding the bridge construction height
which was 2,55 meters above the water surface,
path height of 3,0 metara, height of counterfort
1,40 meters, of which the pavement path took 2,30
meters due to bigger thickness of parapet walls of
the bridge construction.
Since the second half of the 14th century, when
14.		For vault constructions, in many cases, porous limestone
mass of different types were used, also known as bigar
or sedra (siga).
15.		See: Radimski V.: Bišće Polje kod Mostara...
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talking about the history of South-Slavic people,
the Ottoman school of bridge architecture has become more influential on formation of one new
and specific bridge architecture which, actually
represents a simbiosis of Byzant, classic ancient
and Roman bridge architecture wit a specific shape
of broken vault. Many examples of mediaeval architecture on the Balkan peninsula confirm this
statement and at the same time present facts about
apparent influence of local builders.16 What’s interesting to be mentioned is that from this period
in bridge architecture there is use of wrought iron
combined with liquid lead, in a way that certain
stone blocks or blocks of calcareous sinter (sedra),
especially vaults, parts of crowns, parapet etc. are
joined together by iron connectors- klamfe which
suffused by lead. In this way, vaults were in a
way reinforced and the lead, which also suffused
joints, has enabled more even stress transfer from
one stone block to another. Apart from mentioned
technicacal-technological possibilities it is impopssible to avoid a penomenology of water that,
aside from practical value, in contacts with oriental-islamic essence, gets even higher meanings bot
in secular and religious practise, as well as in a livin feelings of Muslims. In fact, water becomes an
object of a cult while gullies become appropriate
locations for construction-aestetic crossing. Earlier meadevial fortresses’ positions on the hills and
slopes have been slowly abandoned and they take
over picturesque valleis enriched with presence of
water and constructional-aesthetical forms where
the form of an arch or vaults becomes a results of a
function that enables communication between two
river banks of the same river.

16.		Ayverdi Ekrem Hakki: Yougoslaviya da Türk Abidelari
ve vakiflari, Ankara, 1957; Bejtić Alija: Sokolovićev most
na Drini u Višegradu, Kalendar Narodna uzdanica, god.
XIII, Sarajevo, 1945; Blau Otto: Reisen in Bosnien und
der Herzegovina, Berlin, 1877; Gujić Kasim: Najljepši
turski mostovi u Bosni i Hercegovini, Kalendar Gajret,
Sarajevo, 1934; Kuripešić Benedikt: Putopis kroz
Bosnu, Srbiju, Bugarsku i Rumeliju, Sarajevo, 1950;
Matković P.: Putovanje po Balkanskom poluotoku za
srednjeg vijeka, Rad knj. LXII, Zagreb, 1878; Stix E.:
Bauwesen in Bosnien und Hercegovina, Wien, 1887;
Stix E.: Bauwesen in Bosnien...;
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Chosen methodology in project
documentation design with an explanation
(before key study)
A historical overview was presented as well as
characteristics of two bridges in Rogatica, as one of
the settlements which had their historical duration
from Illyrian and Roman period, through medieval
Bosnian state, to Ottoman Empire and further, till the
beginning of the World War II, until when two triplearch stone bridge constructions were preserved (to
be precise Lower bridge construction was preserved
until the year of 1942, while Karan’s was preserved
till the year of 1944). Both dated from the period of
the Turkish rule. It is hard to determine whether it
was in the XV, XVI, XVII, XVIII or XIX century.
For both bridge stone constructions there are neither
preserved graphical nor photo-grametrial images.
Nothing except traces in sidžili of one vakufnama
and several old photos and postcards, gives a firm
base for an attempt of facsimile reconstruction. Experience of facsimile reconstruction of the Warsaw
(Poland) as an environmental entirety, which was
defined and adopted through numerous photos from
family albums and questionnaires, encouraged us in
efforts to try to implement already used methods,
but some new also, which we have just introduced
via certain characteristic of a digital processing of
an existing light data of the photos, and which procedure as a method we’ll try for the first time to officially introduce and systemize. Usefulness of this
method is that based on some known dimensional
parameters, using a proportional setting on the digital record, we get all required values and parameters.
A precondition for implementation of such
method is existence of any type of fixation of the
optical image, in a form of manually drawn light
image using camera obscure or a pattern which is a
product of photo-chemical, photo-electronic, photodigital....transformative procedure. We want to say
that we can use everything, from drawings, made by
camera obscure, via static photos of any modality to
kinetic records, also of any modality (classic „film“,
electronic „video“ or digital „DVD“ record). In case
of lack of these forms it is possible to use printed
forms of light images of all types (half-tone one-color and multi-color forms, serigraph forms...) while
the procedure of further digital processing is somewhat more complicated. When performing a digita17
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lization process of such record it is necessary to use
certain filters in order to anullate different forms of
raster which are part of these forms. Second precondition is to have accurate and checked any measured
dimensional parameters from the given object. In
fact, we only need one accurate (reliable) value
which describes either height or width of a certain
part, parts or the object as a whole. It is assumed
that more dimensional parameters we have, that are
accurate, the more precise and complete result this
method will give us. Third precondition is knowledge about distortion anomalies which occur during
inadequate use of „classical“ photo camera while
„shooting“ and removal of mentioned distortions
during digital processing. (Fixations of optical images created by cameras for photo-grametrial shooting of objects, with a proper use, do not imply presence of such character of distortions). Proper use of
computer equipment is inevitable, with knowledge
of at least one program for digital-pixel processing
of images (recommendable any version of Photoshop or Corel painter). Manipulative work within
this method can be observed in the following phases:

processing a digital record, it is necessary to, as
efficient as possible, remove all types of distortion anomalies and get the cleanest and the most
readable for example rising facade of the bridge
construction. Then, with adequate processing we
either increase or decrease contrast i.e. presence or
lack of certain tonal colors with the aim of increasing linear-constructive readability.

1. Digitalization of any form of fixation of the
optical image in static or kinetic modality

Based on known one or more numerical values on the chosen object, by correcting (complete
decrease or increase i.e. partial correcting of a
vertical or horizontal axis) of the previously resulted form, we establish metric ratios. By tuning
of known dimensional parameters and the linear
drawing we have got a metric form of the object
and we only have to work on reading and recording of required/needed parameters.

Digitalization of the static modalities can be
done using scanners or digital cameras intended
for that type of work. Digitalization of kinetic
modalities assumes presence of specialized equipment for this purpose, which has different designtechnology types depending on whether it is a
classical film, video or DVD record. Colorful or
monochromatic state of the record is unconditional. The aim is to get a digital record with the
best characteristics which refer to its size (height x
width x resolution expresses in units „dpi/inch“).
2. Analysis and processing of digital record
During this phase it is important to determine
„optical state“ of the object i.e. define certain distortion anomalies that were created due to inadequate angle of shooting and/or inadequate use
of a lens (refers to focal distance of the lens and
proportional value of the camera format). When
18

3. Work on a pre-metric form
This phase requires maximum precise work and
adequate equipment, mostly bigger dimensions of
monitors. Resulted form of the digital record from
the previous work phase we can transform into a
form of linear drawing, taking into account quality
of transformation regarding defining the optimal
thickness of contour lines depending on format of
a digitalized form.
4. Reconditioning of metric ratio and reading
of required values

5. Drawing of final form of the object
Drawing procedure is possible to perform in
two ways. First, to use a previously resulted linear
drawing which, with possible additional retouch
and second, by manual overdrawing of the existing linear drawing in order to get an adequate presentational form. This phase of work is possible in
previously mentioned pixel programs, as well as
in programs that use vectors.17
17.		Author of this methodology is prof. Mehmed A,
Akšamija, cPhD. Research and application carried out
in the period from year 1998-2004.
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Figure 7. Plans of Institute for Heritage Protection of FbiH „Donja Ćuprija“
When speaking of Rogatica’s stone bridge constructions, which we discussed in the previous
chapter, we need to give several more general explanations regarding choice of methods and principles of security. We have already commented
on how the facsimile method of reconstruction
is mostly not our choice because our basic principle is to not make copies without a strong reason. The „facsimile“ method is a method that we
recommend when a missing segment needs to be
added, but in this case, these two bridge constructions would to a great extent increase the quality
of environment in which they are placed. Namely,
this small Eastern-Bosnian town has greatly lost
its identity and a connection to its past, thanks to
post-war reconstruction and building (this refers
to the post World War II periods) and unplanned
destruction of historical objects in the last postwar period from the year 1992 to 1995. Reconstruction of these two bridge constructions on
their original locations, would get into balance a
few old houses and several religious objects that
were built during the same or close time period. In
this way, we would create a new environment that
has been greatly devastated and fulfill article 9, of
previously mentioned Venetian Charter.
Key studies
Rogatica, as one of the oldest settlements with
historical continuity, has had more elements for
urban development.
2010

Figure 6. Panoram of Rogatica
Lower triple-arch bridge construction in
Rogatica ”Donja ćuprija”

Figure 8. Old photos 1940. year
These same elements are a direct motive for a
position and constitution of two stone bridge constructions which were built on the river Rakitnica,
and are subject of our research. The first elemenst
is presence of curved and rich in vegetation, river
bed of Rakitnica river, that is positioned in the
direction North-South. The second element is
19

technics technologies education management

transite road, also named “carska džada”18, which
crosses the settlement, parallel to Rakitnica river.
The road used to brach off on the Southern part
of the town, into two roads. The left one, more
important, has gone across triple.arch bridge construction of “Donja Ćuprija” on the Rakitnica river
and was a part of connection Sarajevo - Višegrad,
while the right one, auxiliary, was leading towards
Mesići. On the inner communication, from the part
– mahale19 Gračanica, near Tekija20 and Musala21,
till the central part of the town, there was another
triple-arch stone bridge construction under the
name “Karanska Ćuprija”. In fact, observed from
the direction of our arrival to Rogatica, on the
part of Ottoman (stambol’s) road that was coming
from Višegrad, across Sjemeč and at the very enetring in Rogatica, at the place where mentioned
road route was crossing from one river bank to the
other one on river Rakitnica , there was mentioned
Lower stone bridge construction, i.e.”Donja
Ćuprija”22. Unavoidable object in a form of stone
bridge construction with strong characteristics of
Ottoman “style” bridge constructions from XVI to
XVII century and, probably whose existence can
be traced to that period, i.e. period after the year of
1558 23 when buildng of Gračanica’s (Oručaga’s)
mosk occurred as well as intensification of build18. With a goal of getting the best data on stone bridge
constructions, whiche were object of our interest, we
made a questionnare among elderly inhabittants (age
75 - 85 years) of Rogatica. Their memories, stories
passed to them by their ancestors, as well as their direct
participation, will be included in our work. That is the
case with introduction of the term “carska džada”.
19.		mahala, (maala, mala), (ar.), a part of the town or a
village, city area, hamlet.
20.		tekija, (ar.) dervish’s building in which dervish rituals
are performed - (dervishs are members of muslim
dervish order, sect or tarika – the highest way of
religiosity through unconventional islamic rituals).
21.		musala, (ar.), a place (filed, garden or other bigger
space) whe muslims from all over the town gather,
and in group pray under the open sky during religious
holiday-Bajram “bajram namaz”.
22.		Ayverdi Hakki Ekrem: Osmanli mimari eserleri..., ev.
br. 561., str. 106; Bejtić Alija: Period turske vladavine;
Drugi spomenici, in: Group of authorsa: Rogatica,
Sarajevo, 1966., str. 38-61.
23.		The mosk in Gračanica was firstt mentioned in Huseinbeg foundation from the year 1558.,so its origination is
connected to the period from 1529 to1558. See: Bejtić
Alija: Period turske vladavine; Drugi spomenici, in:
Group of authors: Rogatica, Sarajevo, 1966., str. 42.
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ing and population of this settlement. Construction-composite characterisation is presented in a
classical form of stone piers of the bridge construction with pointed part towrads upstream and
polygonal part towards downstream side. The
arches beginning is rather low, with broken form,
which also is in accordance with “classic” Ottoman form from the XVI century. Clear contouring of grade level is achieved by almost identical
rising on the bridge construction from both river
banks towards the middle, as well as symetrical
break above central- middle arch. We can openly
say, that with its dimension and “style”, as well as
used technique in building, it is one of the most
representative stone bridge constructions of the
Ottoman period in Bosnia and Herzegovina. Lower bridge construction was ordered in the year of
1942, i.e. during the World War II, but it has never
been renovated. There is no any graphical documentation about it, only in the monography “Rogatica”, in an article by Alija Bejtić the following
dimensions are mentioned: length of the bridge
construction was 33 meters, width 4,5 meters.
The hight of the highest point, measured from the
highest water level was 2,70 meters. Aperture of
the middle arch was 4.80 metara, while two wing
arches were 3,80 metars each 24. By collecting old
photos, post cards, conversations and questionnaries of older inhabittants of Rogatica, the above
mentioned data can be completed with some remarks regarding materialization and total look of
the bridge construction.

24.		Isto, str. 60.
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Figure 9. Old postcard of Rogatica
The stone bridge construction was made of sedra, while the total appearance of the front wall was
determined by wall plastic. Stone blocks were beautifuly cut, so the connectors are quite narrow. Especialy well were cut stone blocks used to build river
piers.Visible horizontal crown, on the crossing of
vertical surfaces of the piers, moephes into oblique
surfaces with pyramidal ending. A discussion about
existence of korkaluk remains unfinished. The only
thing that leads us to a conclusion that there was
no classic korkaluk, is a fact that above the level
of road route, in the same level with frontal wall
there was a skewback of 10 – 15 cm height, with
finishing panel, which certainly didn’t have a role
of a crown. Contrary to that, remains our assumption that these finishing panels were placed during
Austro-Hungarian period, as a basis for ankerite
piers of the cast-iron fence, whose height was approx. 90 cm. Bearer piers of the fence construction
were finished with decorative balls that were interconnected with three lines of horizontal bars which
were, again interconnected through joint elements
in a shape of “diamond”, which was a frequent element on window demir25 on mosks and magaza26.
On old post cards, a final line of monolite stone
blocks is visible with low korkaluk , so we assume
25.		demiri, (tur.), iron bars that create grid on the windows.
26.		magaza, (ar.), a shop, businness building-built of stones.
2010

that Austro-Hungarian authorities, due to need for
regulation of roads and unification of their width,
which is a known fact in Sarajevo too, removed
wide plates of korkaluk and in that way widened
the road lane of the bridge construction for approx.
60-80 cm. Secondary plastic of the bridge construction, visible at side facades, accentuates the arch
design whose surface is visiblx pulled in comparing to front walls. In the general picture, presence
of absolute simetry tells us about planned building,
rather then unplanned where form is adjusted to
terrain ad hoc. During the work on preliminary design for reconstruction, including known elements
and dimensions from the performed questionnare,
into the preliminary form , we have come to new
data that refer to width of rivver piers, i.e. each of
them is 1,50 m wide, as well as regarding length
of the accssess gates, where the left one was 9,60
m long while the right one was 8,00 m long. River
piers were already discussed, so our conclusion is
that this is really a monumental three-arch stone
bridge constructioni with accentuated contoures of
access gates, that is confirmed by their impressive
dimensions. Apart from the above mentioned, we
are interested in an approach of Austro-Hungarian
litographers and retouchers of known post cards of
Bosnian and Herzegovininan landscapes, vedut,
towns, historical and cultural monuments..., which
were present at our market almost till the 1930s.
Namely, a fund of found variants with the motive
of this bridge construction, from a colouristic point
of view, identicaly varies as with many other better
known bridge constructions placed in bigger towns.

Figure 10. Part of construction
21
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Three-arch karan bridge construction in
Rogatica - ”Karanska ćuprija”

Figure 11. Plans of Institute for Heritage Protection of FBiH „Karans Ćuprija“
Data which we had27, when we talk about this
three arch stone bridge construction, were very
poor, since it was also destroyed at the end of
World War II, during the retreat of German troops
in 1944. Even its name is differently mentioned28

27.		Aside from basic data about dimensions of the bridge
construction and its locationthere is also information
about uvakufljenje (uvakufiti, zavještati, to give to vakuf –
bosniaks’ foundation that serves islamic religious, culturaleducational and human causes; Bosniaks’ religious
property) of the certain land surface that was nearby the
bridge construction for the purpose of maintenance; Vakif
(the one who established foundation) was a certain tabak
(tanner) Alija from Rogatica). See: Alija Bejtić: Period
turske vladavine ..., str. 56-61; Čelić Dž., Mujezinović M.:
Stari mostovi…, str. 212-213; Kreševljaković Hamdija:
Rogatica, Novi Behar VII, 1934., str 118.
28.		Regarding the name of this bridge construction, in the
existing literature there is evident discontiunity in using
one term. In fact, in the oldest source, by author A.
Bejtića (1966.), the term “Kanarska Ćuprija” is used,
Čelić i Mujezinović, by quoting Bejtić, use the same
term, while the newest written source by Ayverdi Hakki
Ekrema (from the year 2000. ) mentiones two terms
“Kamarska” and “Karanska Ćuprija”. As a part of our
questionnare we have come to a conclusion that the
term “Karanska Ćuprija” was also used. Respecting our
questionnare sources and Ayverd’s, and assuming that
there could have been a printing mistake in the oldest
source, i.e. that Bejtić’s direct source was inadequatelly
informed, we decided to use the term “tiple –arch Karan
stone bridge construction”.See: Ayverdi Hakki Ekrem:
Osmanli mimari eserleri..., pages. 105-106; Čelić Dž.,
Mujezinović M.: Stari mostovi…, pages. 212-213; Alija
Bejtić: Period turske vladavine ..., pages. 59-61.
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at different places. We meet the names “Kanarska”, “Karanska” and “Kamarska” Ćuprija, while
the inhebittants of Rogatica used the name “Gornja Ćuprija” (upstream from “Donja Ćuprije”),
which was not used in any literature source. In
Čelić’s and Mujezinović’s, as well as in Ayverdij’s
we find a description of the bridge construction
with information about arch sizes, structure of
vertical walls, shape of river piers, fence etc. Further research gave us information that the above
mentioned authors without remarks on quotations,
have taken this information from the text written
by Alija Bejtić, who quoted Austrian-Hungarian
and Turkish sources in the monography “Rogatica”, giving us exact dimensions and basic characteristics of both bridge constructions. Bejtić says
that this three-arch stone bridge construction had
two arches of the same size, width 4.20 m and one
arch (left one) of width 2.70 m. In the same text, it
is mentioned that regarding shape this stone bridge
construction did not have any style characteristics,
although it was concluded that arches’s started
their almost perfect semicircular shape from the
bottom of river pier, so in case of higher river level
they lokked as a segment of semicircle, which was
certainly influenced by the bridge height of just
above 2 metersa29.

29.		See: Alija Bejtić: Period turske vladavine ..., page. 59.
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Figure 12. Old photos from 1938.year
Regarding this bridge construction, like in the
case of the previous one, we haven’t found any
detailed documentation, but as it is already mentioned in the text by authir Alija Bejtić of actual
bridge length of 16 meters and width of 3 meters,
we needed to do more research on these data and
try to make a preliminary design of the reconstruction in accordance with existin dimensional parameters and available photo-documentation. We
have collected numerous photos that haven’t been
publishe before , photo-documentation from privatela owned collections, and also, like in the previous case, we wave performed questionnaries on
older inhabittants who gave us plenty interesting
information. Thanks to this questionnare, we have
got explanations for problems and issues that we
thought would rename unsolved. In this example,
we used this, presented for the first time, modern
method of digitalization of already existing light
image (photograph) and/or reproduced photo with
some of the offset techniques, as a main source for
getting values and parameters of unknown construction values in a form of linear draing, based on
some already known parameters. This approach of
visula research, with a goal of reaching adequate
parameters, we have also apllied, as already mentioned, on Lower bridge construction during our
work on preliminary design for reconstruction. On
newly created linear digital record, with eventuylly corrected perspective and angle deformities, a
proportional ratio is established through already
known dimensions and in that way we get all, untill then unknown metric values of bridge construction’s elements and we reconstruct it in total. We
will discuss this method in details in the segment
2010

regarding security principles. What was amazing
is that this procedure of connecting unknown elements we’ve got a completely precize lenth of the
bridge construction of 16m and 30 cm which is a
precise expression for “around 16 meters”30. Detailed measurement, made after the known values
were enterd, has led to a conclusion, as we already
stated, about other possible dimensions of elemenst of this bridge construction. We discover that
two rivver piers had the following dimensions: left
1.80 meters and the right one 1.45 meters. Different length of the piers can be explained by different dimensions of the arches that start from them.
Piers on the river banks were shaped in such way
that the right one had a foot and it was only 0.55
meters wide, while the left one didn’t have a foot
and it was 1.50 meters wide.Also, havin a direct
insight on the terrain, we have confirmed matching of the grade levels of the bridge construction,
which were in the small rise towards the middle,
with height of approaching gates, regardlees to the
fact that during the 1960s a regulation of the river
Rakitnica was performed exactla ata that place.
On that ocassion, underpinning were made, as
well as new reinforced concrete bridge construction, inappropriate to the landscape and existing
urban architecture of that part of town Rogatica,
which largely decreased width of the river bed, but
heights of river banks remained the same. From
the questionnare we found out that the fence of
bridge construction was wooden and that in the
crown, which followed grade level and line of the
road track, there were apertures, through which the
wooden material was thrown in to create support
and hold the fence. This method has been known
since the times of Roman architecture, and it was
also used in meadevial times. Such material origin
of the fences requuired changes from time to time,
which led us to a conclusion that Karan’s bridge
construction has never even had korkaluk. Using a
comparattive method, with other wooden bridges
of the same categora and from the same period, we
found information about a stone bridge construction in Konavli, near Dubrovnik, across the river
Ljuta, where also we fount triple-arch stone bridge
construction without korkaluk with apaertures in
the crown that tell us about earlier wooden fence
which doesn’t exist any more. Since this bridge
30.		The same.
23

technics technologies education management

construction is situated at the first part of the imperial road, which starst from Boka Kotorska and
Konavli, across Popovo Polje, then further to the
valley of river Neretva and further via Mostar all
the way to Sarajevo, Rogatica, Višegrad…. And to
Istanbul, so as both bridge constructions are located at the same roadway, our conclusion is that this
comparison is realistic. Next example, although
from a closer time period, but also from the same
civilization circle and with the same empirical
foundings of bridge builders, is a stone bridge
construction on Hendek, in fron of Travnik’s fortress. Also, by comparing already mentioned arch
form with arches of the stone bridge constructions
at Plandište, near Blažuj, we have come to a conclusion that there is almost the same construction
of arch and vault, where an arch begins directly
from the bottom of river pier. Based on these comparisons, we couldn’t agree with authors Čelić
and Mujezinović that this was a bridge construction without style characteriastics of those times31.
We would define that problem by saying that it is
evident that we can’t speak of the exact time of
building, which in European i.e. western coding of
terms represents true style qualification. Eastern
civilizations, whose evident representatives in our
area was Ottoman Empire, do not recognize such
tipology, but at the same time apply more building
techniques, several forms completely equaly reperesented and it is completely common that even
on one object there could be more “styles”. Namely, previously adopted techniques and forms simply inherit and compile with the new and just discovered techniques, but they are certainly doesn’t
not excluded as old and obsolete with a goal of
introducing them. Exactly that could be an important reason why regarding style and construction
we can find the same form in the period from 1400
till 1900. Godine.

31.		Čelić Dž., Mujezinović M.: Stari mostovi…, str. 212-213.
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Figure 13. Segment of construction
Conclusion

Figure 14. Maps of Bosnia in the Midle Europe
Germanus 1491.year
Based on examples presented in this paper we
will conclude that when making project design
documentation necessary for reconstruction of the
architectural heritage, graphical methods can be
used and considered reliable, using documented
photos regardless to the time of its origin. As parameters for establishment of measurement system
which is relevant for making of project documentation we can use available data on the terrain, which
are constant or just partly changed comparing to
their origin state (meaning geomorphologic characteristics of the terrain) and with that Photoshop
as a computer method of composing the authentic
2010

technics technologies education management

photo in the real space. Presented methodology is
based on documentation, in visual meaning, while
construction characteristics can be defined using
comparison method, when time of building for the
observed object is known. We have concluded that
reconstruction in general is not a method of choice
when we talk about conservation of architectural
heritage, since there is always a danger of creating
replicas, but in special situations when environment
is endangered and traditional values of the space,
which threaten to endenger identity and integrity of
the space then the fascimile reconstruction can be
applied, and its use should be defended by ethical
approach to heritage.
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Abstract
According to guidelines issued by ITA in 1988
(International Tunneling Association) only for
constructive tunnel projecting it is necessary to involve several different disciplines as follows:
- geology
- geotechnics
- excavation technology;
- projecting of the structural elements
- principles of contracting and legislation.
1. Introduction
Basic methods of tunnel construction
- Method of excavation and backfilling so
called “cat and cover” method of tunnel
construction for the soft ground tunneling;
- methods of tunnel contraction in the soil
with sufficient steadiness to have an active
contribution in stabilization of underground
excavation.
Basic settings of tunneling
Tunneling is being based on natural phenomena
of activation the function of load capacity of the
rock mass or soil at the place of tunnel construction. If we make a hole in some place that is in primary condition than it will come to disposal of constraints at the hole zone and media around the zone
will take load trying to keep hole stability.
26

2. Objectives of research
Philosophy of projecting of the underground
excavations E. Hoek and E.T. Brown (1980)
The basic aim of any underground excavation
design should be to utilize the rock itself as the
principal structural material, creating as little disturbance as possible during the excavation and
adding as little as possible in the way of concrete
and steel support. With its undisturbed condition
and subdued to compression strain most of the
hard rock is satirically harder then concrete, and
steadiness ranking for many of them is like Steel.
Therefore, there is no economical sense for replacing material that was a perfect fit with the other
that should not be better.
Eurocod 7, chapter 2, Basis of structural
designing
Knowing the characteristics and should conditions within geotechnical engineering depends on
the range of quality of the research works. Such
knowledge and control of performances are significant for fulfilling the fundamental requirements,
accuracy of calculation model and partial factors.
2.1. Scientific project REMIT (Rock 		
Engineering Mechanisms Information
Technology)
It has been developed at the Imperial College
London (Hudson 1991). Its purpose was defining
all characteristics of the rock mass and all mecha2010

technics technologies education management

nisms and geotechnical engineering of the rock
mass, as well as their integration into the unique
system together with other relevant information.
The system was called “Atlas of mechanisms of
the rock engineering” .
The basic matrix for underground excavation.
Upper left quarter of the main matrix for the
underground excavation.
2.2. Theory and methodology of projecting
- Theory of projecting is formed by the group
of principles and experimentally proved
relationships that construe procedure of
projecting and enabling the basic knowledge
needed for creation of usable method of
projecting
- Methodology of projecting is competition
of procedures, tools and techniques that are
used by projector at the appliance of the
projecting theory at the projecting.
Project principles which underlie the design
theory in geotechnical engineering in the
field of rock mechanics
-

Principle of independency
Principle of min. uncertainty
Principle of simplicity
State of the Art principle
Principle of optimalisation
Principle of feasibility

2.3. Empirical approach at the tunnel 		
projecting
Basement for the empirical approach at the tunnel projecting is consisted of the engineering classifications of the rock masses that enable the systematization of experiences achieved on the previously constructed tunnels in a view of relationship
of the quality of rock masses, way of excavation
and requested measures for stabilization of underground excavation.
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Usage of engineering classification of the
rock masses within MIGPT
I phase of projecting
- zoning of the rock masses on the geotechnical
unites
- starting base for the qualitative and
quantitative determining measures on
stabilization of the underground excavations.
II phase of projecting
- determination of the real category of
concerned rock masses
- determination of the appurtenant measures
on stabilization of excavation that provided
according to the project solutions of the I
phase.
Data base achieved on 45 tunnels and
underground premises
461 geological situations classified
- 218 in sediment rock masses of the carbonate
complex
- 243 in sediment rock masses of the clastic
complex
- 265 during construction or sanation
- 196 in the phase of projecting on the bases
of results of research works.
3. Analysis of obtained results
Percentage of participation of the certain categories of the rock masses according to Geomechanical classification in researched data base
(carbonate complex). Figura 1.
Percentage of participation of the certain categories of the rock masses according to geomechanical classification in researched data base
(clastic complex).
Correlation of Geomechanical classification
(RMR) and Q system (Q) for sediment rock masses of carbonate and clastic complex figure 2.
27
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Holing classification for problem modeling
Ways for usage of numerical model at the
geotechnical projecting in the field of rock
mechanic

Figure 1. Correlation of Geomechanical classification (RMR) and Q system

-

As final projected tool
Method of the “last resort”
Assistance at the estimate
Calibration models.

Figure 2. Comparison of the achieved correlation
with results of previous researches
3.1. Supporting for rock mass numerical model
supporting set for II category of the rock mass
supporting set for III category of the rock mass
supporting set for IV category of the rock mass
supporting set for V category of the rock mass
Rational or rigorous approach at the tunnel
projecting
Nowadays, the rational or rigorous approach at
the geotechnical tunnel projecting is based mostly
on numerical analysis of the strains and deformations of the rock masses around the underground
excavation or analysis of the strains and deformations of the system of rock mass and support.

28
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Defining the quality of the rock masses
along the tunnel route
- Engineering-geological mapping of the
underground tunnel excavation
- Classification of the rock masses
- Defining all relevant parameters of the rock
masses
Program of geotechnical observations and
measuring

Figure 3. Ways for usage of numerical model at the
geotechnical projecting in the field of rock mechanic
3.2. Basic aims of the second projecting phase
- Defining of the real engineering-geology
profile along with the tunnel route, more
exactly defining of the real quality of the
rock masses along the tunnel route
- Optimalisation of all measures on
stabilization of the excavations provided
after the first projecting phase
- Verification of stability of the underground
excavation

The purpose of geotechnical observing and
measuring is verification of stability of underground excavation in all phases of tunnel construction, with the aim to secure the underground mine
and construction as well as optimalisation of the
measures used at the stabilization of excavation.
Partition of geotechnical measuring at the tunnel construction:
- Control measuring
- Measuring of support
- Measuring of stabilization
3.3. Control measuring
Follow deformation of the underground excavation with the aim to secure underground mine
and construction. Basis of the control measuring
are consisted of three-dimensional optical measur-

Figure 4. Overview of results of controlled measuring
2010
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ing of deformations of underground excavation. It
should be carried out at the tunnels, which behavior of underground excavation (during excavation
and stabilization of excavation) has been primarily controlled with the conditions of strains and
their changes.
3.4. Measuring of support
It follows movements of the rock masses
around the underground excavation as well as
deformations and strains in the elements of supporting system with the aim of optimalisation of
measures on the excavation and stabilization of
excavation as well as verification of results of numerical modeling. Basically it should be carried
out only at the tunnels where the underground excavation (during excavation and stabilization of
excavation) has been primarily controlled with the
conditions of strains and their changes.
Characteristic supporting measuring profile for
measuring movements around the underground
tunnel excavation.
Characteristic supporting measuring profile for
measuring horizontal and vertical movement from
the field surface.
Supporting measuring profile for measuring
strains in the elements of supporting set.
3.4.1. Measuring of stabilization
It follows deformations and strains of the secondary concrete revetment with the aim to prove
tunnel stability.
3.5. Stabilization measuring profile
Procedure of verification of stability of
underground excavation
- After every progressing it should be made
engineering-geological mapping of the
excavated tunnel section. For implementation
of the engineering-geological mapping it is
necessary to have a permanent presence of
the geologist at the construction site.
30

Procedure of verification of stability of the
underground excavation
- On basis of results of engineeringgeological mapping it will be made
classification of the rock masses according
to geomechanical classification and Q
system. Classification should be performed
Only at important usage of Geological and
geotechnical characteristics of the rock
masses along the tunnel route, but not after
each progress. Classification should be
made by geotechnical in cooperation with
the geologist.
Procedure of verification of stability of
underground excavation
- On bases of results of classification it should
be used pertaining type of supporting set as
well as all other measures at the excavation
and stabilization of excavation according to
solutions given in the project.
Procedure of verification of stability of
underground excavation
- With the geotechnical observing it is
necessary to verify or modify the project
recommendations regarding length of
progress, estimated time of stability of
unsupported spans as well as time and order
for undertaking all measured proposed to
stabilization of the underground excavation.
Procedure of verification of stability of
underground excavation
- On basis of results of geotechnical measuring
and observing the geotechnician has to
identify if the stabilization of underground
excavation has been occurred as well as if
the underground excavation is behaving in
accordance with criteria given within the
project.
2010
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Procedure of verification of stability of
underground excavation
- If behavior of undergoing excavation
significantly deviate from the criteria
proposed by project, the geotechnical will,
on the basis of testing of excavation material,
results of geotechnical measures (control
measuring and measuring of support)
and feedback analyzes, correct all input
parameters, or using some more adequate
calculation model, needed for stabilization
of underground excavation. Geotechnical
will do it only according to
Procedure of verification of stability of
underground excavation
- After matching the calculating model with
behavior of the underground embrasure,
it is possible, in longer section with
uniformed geotechnical characteristics of
the rock masses, to make an optimaliation of
supporting set. The optimalisation is reached
by the gradual reduction of the supporting
set at the starting point of the route with
complying the criteria for verification of the
stability of underground excavation.
Advantages for usage of MIGPT
- Rationalization of research works
- Better cooperation among all participants
within procedure of projecting and
constructing
- the best possible basis for solving the
problem of stabilization underground
excavations
- allowed to designers to take the full
responsibility for the geotechnical project
solutions
- enabled projectors with less experience
to successfully resolve the problem of
stabilization of underground excavations at
the tunnel construction.
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4. Conclusion
Construction of underground buildings and tunnels in Bosnia and Herzegovina has been performed
for a long period of time. According to construction
plans of underground buildings in our country such
as: highway, hydrotechnical facilities, mines with
underground exploitation and other facilities, it is
confirmed an actuality of this issue.
The topic provide an analyze of construction
methods with review to the world’s experience and
possibility for a prompt usage for our conditions.
Therefore, all experiences reached in this field
should be improved with a new philosophy of projecting the underground constructions and tunnels.
The basic goal for any project for underground
exploitation should be usage a rock as a main
structural material, creation a minimum disruption during construction with adding less support
as possible in a form of concrete and steel. If in
undisturbed condition, most of the rocks are more
powerful then concrete, and for many of them the
solidness queue is like a steal. Solution roof bolt.
5. References
1. “Feasibility Study for motor way Orasje –Tuzla –
traffic study”, Asosation Creation the conditions
for construction of the road in according to EU
environmental requirements, Kemal Gutić, Tuzla
2008. University of Tuzla.
2. Z. Ibrišimović, N. Vidanović, K. Gutić - „Construction of underground mine premises “, 2007,
ISBN 978-9985-9593-9-4
3. K. Gutić, Z. Ibrišimović, M. Avdić, H. Amir; „Quality of stability of rock massif at the underground constructions”; STUP, 2007, ISBN 978-867352-181-7
Corresponding author:
Branko Stojkovic,
Intergeo Zagreb,
Croatia,
e-mail: branko.stojkovic@intergeo.hr

31

technics technologies education management

Investigation of possible
resonant problems during
beater wheel mill operation
Istraživanje mogućih rezonantnih problema u
toku korištenja ventilatorskog mlina
Rusmir Bajric1, Viktor Baricak2, Sead Delalic2, Pasaga Muratovic2, Ninoslav Zuber3
Kreka Coal Mine Company, Open pit mine Dubrave, Bosnia and Herzegovina
Faculty of Mechanical Engineering, University of Tuzla, Bosnia and Hercegovina
3
Faculty of Technical Sciences, University of Novi Sad, Serbia

1

2

Abstract
One of the most common reasons for high vibration of plants equipment is some form of resonance of equipment components or support structure. In this paper mechanical system of beater
wheel mill vibration nearby has been analyzed.
The high level of vibrations is dominating during
the work of the system. The results of experimental investigation of mechanical system are represented. The reasons of high level vibrations were
identified and possible creating of resonance concluded. The concept of resonant vibration damage
has been investigated.
Key words: beater wheel mill, resonance,
damage, vibration
Sažetak
Jedan od najčešćih razloga povišenih vibracija opreme u fabrikama je neki oblik rezonancije
komponenanta opreme ili strukture utemeljenja.
U ovom radu je analiziran mehanički sistem vibracija u neposrednoj blizini ventilatorskog mlina.
U toku rada dominantan je visoki nivo vibracija
sistema. Prezentirani su eksperimentalni rezultati mehaničkog sistema. Identifikovani su razlozi
visokog nivoa vibracija i moguće nastajanje re32

zonancije. Istražen je koncept oštećenja usljed rezonantnih vibracija.
Ključne riječi: ventilatorski mlin, rezonancija,
oštećenje, vibracije
Introduction
Beater wheel mill is one of the most important pieces of equipment in coal power plant. Its
instability and high vibration are always concern
for maintenance and production personnel. The
vibration that occurs in most machines, structures
and dynamic systems is undesirable, not only
because of the resulting unpleasant motions, the
noise and the dynamic stresses which may lead
to fatigue and failure of the structure or machine
continents , but also because of the energy losses
and the reduction in performance that accompany
the vibrations. It is therefore essential to carry out
a vibration analysis of any proposed structure.
There have been very many cases of systems failing or not meeting performance targets because of
resonance, fatigue or excessive vibration of one
component or another. Further, the vibrations may
adversely affect the building or persons working
near the machinery unless the frequency and amplitude of the vibrations are controlled [1]. Due to
the very serious effects that unwanted vibrations
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can have on dynamic systems, it is essential to
carry out vibration analysis as an inherent part of
their design; when necessary modifications can
most easily be made to eliminate vibration or at
least to reduce it as much as possible. It is usually
much easier to analyze and modify a structure at
the design stage than it is to modify a structure
with undesirable vibration characteristics after it
has been built. However, it is sometimes necessary to be able to reduce the vibration of existing
structures resulted by inadequate initial design, by
changing the function of the structure or by changing the environmental conditions, and therefore
techniques for the analysis of structural vibration
should be applicable to existing structures. It is the
solution to vibration problems that may be different depending on whether or not the structure exists [1]. It has to be accepted that many machines
and processes generate a disturbing force of one
sort or another, but the frequency of the disturbing
force should not be at, or near, a natural frequency
of the structure otherwise resonance will occur,
resulting in high amplitudes of vibration and dynamic stresses, and noise and fatigue problems.
These phenomena can be noticed during beater
wheel mill operation based on construction characteristic of system and process parameters. This
is the case where vibration of beater wheel mill
generates vibration during operation that could be
transferred to other machine in nearby. This could
cause situation where we have a resonant state frequency of beater wheel mill can overlap with
the natural frequency of other machine and failure
or disaster could be created. In this paper possible
resonant problems will be analyzed during operation of beater wheel mill.
Resonant problems
Before attempting to reduce the vibration levels
in a machine or structure caused by a resonance by,
for example, increasing its damping, every effort
should be made to reduce the vibration excitation at
its source. It has to be accepted that many machines
and processes generate a disturbing force (excitation) of one sort or another, but the frequency of the
disturbing force should not be at, or near, a natural
frequency of the structure otherwise resonance will
2010

occur, with the resulting high amplitudes of vibration and dynamic stresses, and noise and fatigue
problems. Resonance may also prevent the structure fulfilling the desired function. Some reduction
in excitation can often be achieved by replacing the
machinery generating the vibration, but this can
usually only be done at the design stage [1].
Resonance is defined as a large amplitude vibration caused by a small periodic stimulus having the
same, or nearly the same, period as the system’s
natural vibration. In other words, an energy source
with the same, or nearly the same, frequency as the
natural frequency of a machine-train or structure
will excite that natural frequency. The result is a
substantial increase in the amplitude of the natural
frequency component. The key point to remember
is that a very low amplitude energy source can cause
massive amplitudes when its frequency coincides
with the natural frequency of a machine or structure. Higher levels of input energy in combination
with lack of damping in the system can cause catastrophic, near instantaneous failure of the machine
or structure. Due to the discrete stiffness, masses
and damping every machine has one or more natural frequencies In its dominant degrees of freedom.
If one of these frequencies is excited by some component of the normal operation of the system, the
machine structure will amplify the energy, which
can cause severe damage. Resonance is a very destructive vibration and, in most cases, it will cause
major damage to the machine or support structure.
There are two major classifications of resonance
found in most manufacturing and process plants:
static and dynamic [2]. Static resonance: when the
natural frequency of a stationary or nondynamic
structure is energized, it will resonate. This type
of resonance is classified as static resonance and is
considered to be a nondynamic phenomenon. Nondynamic structures in machines include casings,
bearing-support pedestals, and structural members
such as beams, piping, etc. Since static resonance
is a nondynamic phenomenon, it is generally not
associated with the primary running speed of any
associated machinery. Rather, the source of static
resonance can be any energy source that coincides
with the natural frequency of any stationary component. Dynamic resonance: when the natural frequency of a rotating, or dynamic, structure (e.g.,
rotor assembly in a fan) is energized, the rotating
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element resonates. This phenomenon is classified
as dynamic resonance and the rotor speed at which
it occurs is referred to as the critical speed. In most
cases, dynamic resonance appears at the fundamental running speed or one of the harmonics of the excited rotating element. However, it also can occur at
other frequencies. As in the case of static resonance,
the actual natural frequencies of dynamic members
depend on the mass, bearing span, shaft and bearing-support stiffness, and a number of other factors.
This energy is the result of both the amplitude of
the peak and the broad area under the peak. This
combination of high peak amplitude and broadbased energy content is typical of most resonance
problems. Defects not synchronous with the rotating shaft such as bearing faults, cavitations, electrical noise and resonance produce non-synchronous
frequencies that are effectively averaged out of the
spectrum [3].
Problem and criteria
Increasing the granulation of coal dust is caused
by wear plate impact plates and it is usually manifested by significant increase in the characteristic
size of the beater wheel mill vibration construction. In addition, the vibrations are transmitted to
the foundation, while some in stationary modes
they can reach significant values, which may jeopardize the work of other equipment in power plant.
That equipment could be the bearings of the mill,
coupling, and bearings in the other equipment or
electric motors. There is a possibility that at higher vibration velocities of beater wheel mill those
vibration transfer by foundation or overlap with
other equipment vibration of parts of a boiler or
a turbine, which would appear the effect of resonance (pipe burst, cracking cauldron structures,
breaking rotating parts of the turbine). Increased
beater wheel mill vibration levels above the allowable leads to downtime, and in this case to maintain combustion in the boiler stable introduces a
second energy source through which the combustion process maintains a relatively stable and mine
time stable production of industrial steam.
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Experimental setup and vibration
measurement
Beater wheel mills can cause significant vibration in their vicinity, which can lead to disturbance, damage and subsequently even to interruption of power plant operation and also is critical
in improving the production capacity and energy
efficiency of pulverizing system in thermal power
plant. Beater wheel mills are appliances designed
to prepare a dust-gas fuel mixture for combustion
in furnace chambers of steam boilers by pulverizing, drying, classifying and transporting coal to
the dust-gas burners. Experiment has been conducted on 320 kW power mill and 990 rpm, Figure 1. The mil is designed for heaviest duty and
roughest operation. The robust beater wheel and
double bearing design with an oil circulated lubrication system and armored housing, makes the
mill insensitive to foreign matters and sudden load
changes.

Figure 1. Beater wheel mill with drive located at
Soda-Sisecam Lukavac
Increasing the granulation of coal dust is usually caused by beater wheel plates wear and due
to uneven wear during operation. This phenomenon is manifested by changing the level of vibration structures of beater wheel mill and with other
equipment vibration and stiffness can cause resonance. Vibration measurement has been done by
industrial accelerometer VIB 6.122 with sensitivity of 100m/g and advanced hand-held condition
monitoring device Vibscanner with software for
signal processing Omnitrend 2.45, PRÜFTECHNIK, Germany. Measuring has been done on a
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foundation near the mill housing at three locations. One right close on mill housing and another
two on proper distance of housing to be able to
have information and display of vibration nearby
mill. Measurement locations are marked on Figure
2. L1, L2, L3 and they are located nearby beater
wheel mill housing foundation at specific distance.

presenting spectral diagrams first at the beginning
and second at the end of life cycle of beater wheel
of L1, L2 and L3 monitoring location, respectfully. To be able to have a better understanding of a
vibration transfer through the beater wheel foundation, the diagram displaying vibration velocity
at L1, L2 and L3 over distance during experiment
is presented on Figure 6.
Table 1. Vibration measure. for first beater wheel
Experiment
orders

Figure 2. Measurement point locations at beater
wheel foundation
Experiment has been conducted for two life
cycles of beater wheels, conducting 8 experiments
for every beater wheel. So, conclusion has been
made by total 16 experiments. A part of the results
of vibration velocity measurement are given in
following text.
Results
The main aim of the experimental research was
to measure the excited vibrations velocity values
nearby beater wheel mill and, identify the sources
of the vibrations and determine the high level vibrations appearance reasons and possible resonant
cases. The experimentally measured vibration velocity values of the monitored location of beater
wheel mill are presented in Table 1 and Table 2,
for the first and second beater wheel, respectfully. The spectral analysis of vibrations velocity
at specific location was performed to identify the
possible sources of the high level vibrations and
dominant frequencies of the examined mill. During measurements it has been noticed there is no
significant frequencies over 120 Hz as has been
presented on spectral diagrams. Figure 3, 4 and 5
2010

Vibration velocity, rms [mm/s]
L1

L2

L3

1

0,82

0,67

0,43

2

1,22

0,93

0,55

3

0,99

0,66

0,59

4

1,17

0,68

0,66

5

0,85

0,66

0,63

6

0,77

0,74

0,57

7

0,98

0,77

0,53

8

1,06

0,99

0,97

Table 2. Vibration measure for second beater
wheel
Experiment
orders

Vibration velocity, rms [mm/s]
L1

L2

L3

1

0,90

0,78

0,74

2

0,71

0,61

0,59

3

0,74

0,61

0,55

4

0,66

0,54

0,37

5

0,80

0,61

0,59

6

0,84

0,63

0,56

7

0,73

0,68

0,57

8

0,87

0,67

0,65
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Figure 3. Vibration spectrum, location L1, beginning-end life cycle of beater wheel

Figure 5. Vibration spectrum, location L3, beginning-end life cycle of beater wheel

Figure 4. Vibration spectrum, location L2, beginning-end life cycle of beater wheel
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Presented vibration spectrums have fundamental running speed frequency of 16.56 Hz or one of
its harmonics but over the operation time we have
increase of those harmonics, Figure 3,4 and 5. In
some cases, dominant frequency in not fundamental running speed frequency,, for specific case it is
fifth harmonic of fundamental running speed frequency, Figure 5.
These vibrations emerge due to a lower stiffness of the foundation of beater wheel as we move
from mill [4]. Also all vibration spectrums always
show frequency of 12.5 Hz, in some cases dominant, which is not synchronous frequency of beater wheel and based of this we can conclude there
are some other sources of vibration that could create defects and resonance.
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Figure 6. Vibration display nearby beater wheel
mill, 1-8 experiments
With increasing the distance from vibration
source we evidence the level of vibration reduction but it is important to notice that there is no
significant change in level of vibration as we
move from source level of vibration at monitoring
vibration L2 and L3 are almost the same even the
distance is significant, Figure 6.
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Conclusion
Main frequency nearby mill is base frequency
of mill wheel. There are a lot harmonics of base
frequency especially at the end of life cycle of mill
and there are some other sources of vibration nonsynchronous to base frequency. Beater wheel mill
consist of number of beater plates and vibration
in mill are usually of such low amplitude that it
causes no trouble and therefore is not noticed. During operation process, conditions are changing all
the time and they are stochastic. However, when
the rpm of the rotor, multiplied by the number of
beater plates, approaches a resonant frequency,
the vibration rises well beyond an acceptable limit
and resonances can be excited in the pipe, base,
valve, pump or other nearby equipment.
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Abstract
Education system laps the waves of new technologies that allow quick access to information
becoming available to everyone. There are always
new issues, when to the system by its nature inert,
changes and new possibilities are offered. This paper is an attempt to point out the new environment
that affects the education system, the advantages
and dangers of an uncritical approach but also the
need for pedagogical science which would offer
new solutions.
Key words: Education, Net generation, Elearning, Personalization, Digital content.
1. Preface
Coupling of information and telecommunication technologies has enabled the enormous increase of knowledge. Information becomes available for all. The gap between the capabilities of
new technologies and their application in the educational process has been becoming bigger and
bigger. However, the development of new technologies will go its way no matter how much we
will use their benefits in education. Today’s educational system is apparently not intended for the
new generation that grew up with computer and
the Internet, lately increasingly called Net-generation. Sluggish in nature, the educational system
fails to respond to the phenomenon of the enormous increase of knowledge, the requirements of
the new generation, all the faster obsolescence of
knowledge, lack of technological (digital) literacy
of teaching staff and the professionals who manage the system. Although the technology is ubiquitous in almost all spheres, some studies show
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that the teaching staff uses new technologies far
less from the universal phenomenon. Examples
show that a small number of teachers say they do
not have enough time to invest in exploring new
opportunities that are offered. In assessing factors
that contributed to creating the gap between the
educational and technological resources and their
implementation, Sharon Kopyc argues that institutions must adopt diverse, flexible strategies to
encourage widespread use of technology in the
teaching staff work.
Besides teaching workshops and technology
councils, Kopyc provided further strategies that
institutions should consider: the teaching educational forums, technical postgraduate programs
that allow teachers to use time mode, structural
support and timely appropriate educational opportunities that include time constraints, individual
needs and personal preferences of teaching staff
members of the entire institution. Kopyc claims
that by avoiding universal “one for all” approach
for educational development, institutions will
achieve much greater success in realization of the
educational potential of their technology infrastructure.
Research conducted on the role of technology
in changing and shaping the ways in which today’s generation learn argues about how the teachers do not use technology in process of learning.
Specifically, the report reveals that students want
challenging, technology-oriented educational activities. Software for managing the teaching process that was at least used was the most helpful
for students in performing studying activities. Students claim that their schools and teachers have
not recognized nor responded to the basic change
that occurred in students and learning communities for whose development they are responsible.
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2. Digitization and its impact on education
“According to the current rate of multiplication of knowledge and scientific discoveries, the
total sum of knowledge which the humanity will
possess, will be four times larger at the moment
an individual graduate from the moment he was
born. When the child is aged 50, the total amount
of knowledge will increase 62 times and 97% of
knowledge at that time will have been revealed after his birth.” [7]
Digital document, a product of the Information
Age in which we live, the challenge of today to
which many archives, libraries and museums in the
world have not resisted, represents a new paradigm
to which the current generation of researchers and
users of archival materials adapt, a paradigm that
future generations will consider for default. However, although many archives have already started
and completed some kind of digitization project,
we must know that the application durability of this
information technology product module can not be
defined with reliability and therefore, the archives
do not treat it as a possible replacement of the original, or copy for permanent storage.
Modern information technologies provide easy
access to data in various digital formats, whether
it is about quality and rare music editions, books
and magazines in electronic form, or the latest
results of scientific research. Digital archiving is
characterized by numerous advantages as faster
access and greater capacity for storing information and therefore it encourages the traditional
systems of storage and transmission of information to perform changes according to the new user
requirements, but also in relation to the increasing
production of printed, audio and video material. In
the process, library as an institution takes the central place with the task to manage the huge corpus
of human knowledge; leads, creates and enhances
the process of presentation, availability and renewal of information resources.
Knowledge society which we strive to create is
based on continuous learning and acquiring new
skills. In this process, learning is not related only
to educational institutions, but we expect the independent work in the informal sphere of education
to emerge. The only social institutions available to
all, in which the accumulated knowledge is avail2010

able almost for free, are libraries. Therefore, their
role in the development of individuals and society is becoming increasingly important. Libraries
that can fulfill its mission must be adapted to the
new age, from the places where books are kept
and where the silence has to govern, to information centers and places of encounter, customized
to meet spatial and temporal needs and desires of
potential users.
Although digital technologies were not used
long enough to pass the test of time regarding
the durability and digital records state of not being changed, because of their widespread use, low
cost and easy deployment, it is difficult that there
are any other alternatives. In long term, it is sure
that no one would guarantee continuity of CDs or
hard drives as carriers of information, and therefore, it is necessary to perform regular renewal
of copies (every five years, and even in a shorter
term). Another limitation, which is often exploited
in the discussion, is the need for external devices
in order to use digital collections. Although it is
true, the very essence of digital technology involves the use of such devices, like computers, and
in this case we speak about the subjective relation
of individuals to current trends. A separate chapter should be dedicated to the copyrights and easy
opportunities for their violations on the Internet.
Intellectual property is the basis for encouraging
creativity, and digitization programs must be done
with respect to copyrights and other related rights.

Picture 1. The gap between individual and collective knowledge
Today, all types of documents are originally in
digital form. “The amount of information stored in
books written from ancient times until today is of
majestic size: 50 million MB. Digital content: images, video, music, email, web pages, instant messages, phone calls and other digital content in the
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world, created, stored and reproduced (on average
three times) in 2006. is estimated to be about 161
billion gigabytes. That’s 24 000 MB per capita or
6 tons of books per capita in 2006., or 3 million
times the information in all books ever written.
According to IDC analysts forecasting, the size of
information will increase six times, up to 988 billion GB by the end of 2010. “[7]
This data points out the fact that a big gap between the collective and individual knowledge is
being created and that it requires new solutions
through new concepts of education.
3. Education for the Net generation
“Today’s pupils and students are generations
who have grown up with new technologies. All
their life they have been surrounded by it and they
have used computers, videogames, digital audio
equipment, camcorders, mobile phones (presently
there are about 5mlrd mobile phones in the world)
and all other toys and tools of the digital age. The
average student today has spent less than 5,000
hours reading but over 10,000 hours playing video
games, (not to mention 20,000 hours of watching
TV). Computer games, e-mail, Internet, mobile
phones and instant messaging are integral parts of
their lives. “[8]
Members of the new generation think and process information differently on elementary level
than their predecessors. These differences go
much further and deeper than many teachers assume or understand. Different kinds of experiences
lead to different structures of the brain, said Dr.
Bruce D. Berry from the Baylor College of Medicine. It is likely that their brains have changed, different from ours as a result of the way they were
growing up. Regardless of whether it is literally
true, we can say with certainty that their model of
thinking has changed.
Members of the Net-generation accustomed to
receiving information fast. They can process and
perform several tasks at once. They prefer pictures
preceding the text, rather than vice versa. They prefer random access (like hypertext). They perform
the best in the multimedia environment and enjoy
current pleasures and frequent rewards. They are
more likely to prefer games to serious work.
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Picture 2. Comparison of characteristics between
the two generations
We who are not born in the digital world, but
have been at one moment in our life found captive
by new technology and have accepted many or
most of its forms, we will always be digital newcomers.
The situation is very serious because the biggest problem in education now is the fact that our
teachers as digital newcomers, who speak a language of the predigital age, have a difficult time
teaching a population that speaks a completely
new language. Newcomer teachers assume that
students are the same as they have always been
and that the same methods that were effective for
teachers when they were students, can have an effect on their present-day students. This assumption is no longer worth. Therefore, if we do not
want to forget about the Net-generation education
until they grow up and educate themselves, we
must face this problem. Moreover, we have to reconsider our methodology and contents:
- Methodology: Today’s teachers must learn
to communicate in the language and style of
their students. This does not mean that they
should change the meaning of the important
things and good thinking skills. But it does
mean that they should speed up the pace, go
less step by step, more by means of parallel
or random access, among other things.
- Contents: After the digital wonders, two types
of contents emerged: inherited contents and
future contents. Inherited contents include
reading, writing, mathematics, logical
thinking, understanding old scripts and
ideas, etc. - the entire traditional curriculum.
They are still important, but belong to
another time. Some of them (such as logical
thinking) will continue to be important, but
some (like Euclid’s geometry) will become
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less important, as well as, for example,
Latin and Greek. Most of the future contents
are naturally digital and technological.
They include software, hardware, robotics,
nano technology, genomes, etc. as well as
ethics, politics, sociology, languages and
other things that go with those. These future
contents are exceptionally interesting to
students nowadays.
So we must invent, but not from the scratch.
Adjusting materials to the language of Net-Generation has been successfully performed and there
are always new solutions.
4. Conclusion
The need for using advanced technology has
found many middle-aged and older people off
guard. Those who did not adjust remained without
jobs or continued to perform the tasks below their
capabilities.
Looking at the daily scientific and technological progress, it can be concluded that, if it is possible to speak of “the universal model of the educational system in the 21st century”, then the word
“universal” means turning the whole world into
“global classroom” in which instructions never
stop. For the man of future it should mean staying
at school all life long. In order to make that possible it is necessary to change the awareness about
the concept of education.
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Optimization of open pit’s depth
as a function in differentiation
of the transport by trucks and
conveyer in an experimental
example of open pit “Turija”
Optimizacija dubine površinskog kopa u funkciji
razgraničenja kamionskog i tračnog transporta na
oglednom primjeru površinskog kopa „Turija“
Rasim Kovacevic
Coal of Mine “Banovici”, d.d. Banovici, Bosnia and Hercegovina

Summary
Increase of depth of open pits with projected
angles of operating and final slope resulting in the
increase of area proportion of operating (working) zone. Scope of transported masses, length
of transportation, prices of operating energy and
need for bigger quantity of mineral raw materials
from poorer layers result in increase of role of the
transport in mining, and at the same time, certain
types of transport come to the limit of profitable
use. These factors and more complex conditions
of exploitation in general, request the improvement of existing and production of new transportation means with higher efficiency, reliability,
continuance and economical justification.
Key words: open pit, optimization, truck transport, conveyer transport.
Sažetak
Porastom dubine površinskih kopova uz projektovane uglove radne i završne kosine povećavaju
se razmjere površine radne zone. Obim masa za
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prevoz, dužine transportovanja, cijene pogonske
energije i potrebom sve većih količina mineralnih sirovina iz sve siromašnijih ležišta raste uloga
rudničkog transporta, a istovremeno određeni vidovi transporta dolaze do granice rentabilne primjene.
Ovi faktori kao i sve složeniji uslovi eksploatacije
uopšte, zahtijevaju usavršavanje postojećih i proizvodnju novih transportnih srestava veće efikasnosti,
pouzdanosti, trajnosti i ekonomičnosti.
Ključne riječi: površinski kop, optimizacija,
kamionski transport, trakasti transport
Introduction
During the exploitation from the opening to the
terminating of mining works, open pits are in a
direct development.
This results in a change of area of working zone
and depth of open pit.
By deepening of open pit, the area of working
zone changes around 5-20 %.
Growth of the transport length can be about 10
– 20 times bigger concerning a growth of open pit
depth.
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Open pit capacity that is the speed of deepening
significantly depends on applicable type of transport.
Significant differences of open pit deepening
speeds were conditioned by the fact that in each
of applied types of transport there are adequate inclination (gradient) of routs, which determine the
length of transport, the size of transporting berms
(shoulders) for placement of transport communications and the areas of transferring (reloading) digs.
Hence, the open pit’s depth, size of its dimensions
in planning and speed of deepening that is capacity,
directly depends on the type of transport.
For majority of open pits with relatively small
depths it is characteristic to use only one type of
transport in the entire progress of exploitation of
ore deposits. At open pits with big depths, in various phases of development, it is common to use
different types of transport.
On very deep open pits, several types of transport in various zones are applied more often and in
the manner that each type is used within the limits
of its rational usage. The most frequent is a combination of trucks – conveyer transport.
Goal
In order to optimize a depth of open pits relative to type of transport complex, it is necessary to
perform a techno – economical analysis for three
different depths of open pit, at which it is needed
to determine constant values. A constant, which
characterize the technical complex, is required annual production of open pit. Based on this constant
the basic values of loading-transporting mechanization will be determined.
It is necessary to perform a contour making
(outlining) of the Open pit “Turija” for three different depths adjusted by project documentation,
determine the angles of final slopes and width of
security berms, and to do a calculation of quantities of waste rock (dirt) and coal by floors.
In the techno-economic analysis of loadingtransporting complex, it is necessary to take an average ratio of dirt Kpr. With its recognition and by
designed capacity of useful mineral material we
are able to get a mass of waste rock, which needs
to be analyzed by phases.
2010

By adequate selection of transport type, it is
able to increase the marginal depth of open pit,
that is, to increase the depth of economical exploitation of deposits.
Open pit “Turija” was developed to the depth
of 100 m, which is a margin of economical use
of classic trucking transport. Continuation of layers exploitation without prier techno-economical
analysis of justification for usage of existing transport technology would represent an economic
risk. For further continuation of production on the
mentioned deposit, it’s necessary to analyze possibilities and positive effects of use of technological
complex of conveyer transport.
Goal of this work is reflected in analysis of selection of waste dirt transport by trucks and conveyer depending on the depth of open pit exploitation.
Technological system of open pit’s
exploitation
System of surface (open pit) exploitation
is a certain order of performance of mining works
(operations) in order to uncover and gain mineral
materials, which provide the planned capacity of
open pit. On Open pit “Turija”, we use a longitudinal one-wing system of exploitation with deepening on direct roofing coal of deposit. Basic elements of the exploitation are height and angle of
floor gradient, width of operating areas, gradient
angle of working slope of open pit, length of work
front for one excavating-loading machine. A criterion of optimum exploitation system or in other
words, a progress direction of mining works front
in plan and in depth of open pit is the minimal coefficient of waste rock.
The work processes perform obtaining as follows: drilling and blasting, dredging and transport
of dirt and coal, then disposal (dumping) of waste
rock to the disposal site, and coal to a processing separation plant. In the exploitation process,
a classic discontinued complex is used, which involves excavators, trucks and other auxiliary machines, bulldozers, grading and drilling machines.
Estimate of pit’s depth for detrmination of margin of rational use of individual systems for waste
rock transport
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Depth, to which the use of individual analyzed
types of waste dirt transport is rational, is determined on basis of individual costs of complex
operation depending on the exploitation depth in
open pit and other technical-economical parameters from surface exploitation of Coal Mine Banovici.
Mutual shape (contour) of open pit “Turija”
was determined for assumed possibility of achieving an average waste rock coefficient of 6, 34-m3
r.m/t.r.u. with technology of truck and conveyer
dirt transport.
The depth of rational use of analyzed transport
systems is possible to be determined based on the
average and marginal waste dirt coefficient and
their relation to adequate exploitation depths inside the same pit contour.
Relation of coefficient and exploitation depth is
in proportion Kpr: H = Kgr : dr
dr =

K gr ⋅ H
K pr

[m]

where:
dr – marginal depth of rational exploitation [m]
Kgr – marginal coefficient of rational exploitation
[m3/m3, t/t]
H – pit’s depth in designed contour with Kpr
Kpr – average coefficient of exploitation obtained
by geometrical analysis [m3/m3, t/t]

K pr =

∑V
∑R

[m3/m3;t/t]

Waste rock transport by truck systems
The truck systems of waste rock transport represent parts of technological complex that creates a
circle of work process in coal gaining, from drilling
and blasting, then loading and transport to disposal
at dumping points. At this, the truck transport system in a cyclic technological system represents the
truck units which transport loaded waste rock from
excavator to dumping point using designated truck
routs, apropos, at combined transport system, to
transferring (reloading) unit with crusher.
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In calculation of truck capacity at certain mining-technological conditions of exploitation, the
key influential factors are:
–– Technical characteristics of dump trucks
and loading device,
–– Volume mass of material being transported,
–– Transporting rout conditions
–– Exploitation reliability of the loadingtransporting complex.
In accordance to these influential factors, the
mathematical models were determined for calculation of single truck capacity. The calculation
of track transport capacity for trucks of known or
chosen technical characteristics and known loading capacity consists of:
–– Determination of resistance in vehicle
movement,
–– Determination of power (drive) force of
vehicle,
–– Determination of driving speed and vehicle
operation cycle
–– Determination of required number of
vehicles in the complex
Waste rock transport by conveyer
Transporting conveyers belong to transporting
means of continuous operation mode. In principle,
they operate by friction between rubber belt, which
is the bearing element and driving cylinders.
Basic technical parameters of transport by conveyers are:
–– Width and speed of belt,
–– Maximum gradient angle and length of
transporting conveyer,
–– Strength of drive (power), etc.
These parameters depend on capacity, granulate-metric composition of the waste rock, construction of loading and trans-shipping (reloading)
devices and type of transporter.
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Diagram of costs for truck and conveyer
transport and effect of use in depth
function of open pits
Based on parameters of chosen complex with
excavator-truck, and required calculated number
of loading transporting units, we were able to
compute the costs of loading transporting complex, depending on the depth of open pit, for production of 1 000 000 [tones of coal/year], also, by
taking in consideration the costs of other processes
on surface exploitation, the cost price of 1 t of coal
for given depths were calculated (table 1.)

By techno-economical analysis, we got specific
costs for deriving coal and waste dirt (KM/t, KM/
m3 č.m.) depending on open pit’s depth. Based on
the costs of operation of complex excavator-dump
truck-conveyer-disposal, depending on the pit’s
depth, we were able to calculate the cost price of 1
t of coal for given depths of the pit (table 2.)
The cost price of 1 GJ for given depths of open
pit depending on type of transport are shown in
this diagram

Table 1
Exploitation stage
Complex

I Stage
II Stage
III Stage
M- 201 Ph1900al M- 201 Ph1900al M- 201 Ph1900al
Terex Mark36 Terex Mark36 Terex Mark36
228
228
180
180
132
132
6,71
6,71
6,10
6,10
6,09
6,09

Depth to which the pit was developed (m)
Average coefficient of waste rock Kpr
Coal
1
Required number
(piece)
of elements for Dredging
Waste rock
3
loading(piece)
transporting
Coal
complex for
2
(piece)
planned
Transport
Waste rock
production
12
(piece)
Coal
0,48
(KM/t.r.u.)
Drilling and blasting
Waste rock
0,58
(KM/m3 č.m.)
Coal
4,13
(KM/t.r.u.)
DREDGING
(digging and loading)
Waste rock
1,47
(KM/m3 č.m.)
Coal
2,54
(KM/t.r.u.)
TRANSPORT
Waste rock
2,74
(KM/m3 č.m.)
0,35
Waste rock disposal (KM/m3 č.m.)
Crushing and transport of coal to separation
4
plant (KM/t.r.u.)
Coal separation (KM/t.r.u.)
7
Coal cost price (KM/t.r.u.)
52,66
Cost price (KM/GJ)
3,19
Where:
t.r.u.-Tones of dug coal
m3 č.m.-Rock mass
2010

1

1

1

1

1

5

3

5

3

5

2

2

2

2

2

15

15

20

18

20

0,48

0,48

0,48

0,48

0,48

0,58

0,58

0,58

0,58

0,58

4,13

4,20

4,20

4,14

4,14

1,42

1,57

1,52

1,54

1,49

2,54

3,20

3,20

3,49

3,49

3,25

3,98

4,78

4,60

5,03

0,35

0,35

0,35

0,35

0,35

4

4

4

4,00

4,00

7
55,75
3,38

7
58,42
3,54

7
63,02
3,82

7,00
62,15
3,77

7,00
64,45
3,91
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Table 2
Exploitation stage

I STAGE

II STAGE

III STAGE

Depth to which the pit was developed (deepened) (m)

228

180

132

Average waste rock coefficient Kpr

6,71

6,10

6,09

Coal (piece)

1

1

1

Waste (piece)

2

2

2

floor

1 x 3 (a,b,c)

1 x 3 (a,b,c)

1 x 3 (a,b,c)

mag.

1

1

1

floor

2 x 3 (a,b,c)

2 x 3 (a,b,c)

2 x 3 (a,b,c)

mag.

1

1 x 3 (a,b,c)

1 x 3 (a,b,c)

dump.

1

1

1

Coal (KM/t.r.u.)

0,48

0,48

0,48

Waste (KM/m č.m.)

0,58

0,58

0,58

Coal (KM/t.r.u.)

4,13

4,19

4,36

Waste (KM/m č.m.)

1,10

1,16

1,21

Coal (KM/t.r.u.)

1,58

1,55

1,62

Waste (KM/m č.m.)

0,65

0,68

0,72

Coal (KM/t.r.u.)

5,42

6,09

6,39

Waste (KM/m č.m.)

2,19

2,77

2,90

Waste rock dumping (KM/m č.m.)

0,50

0,42

0,44

Crushing and transport of coal to separation (KM/t.r.u.)

4,00

4,00

4,00

Coal separation (KM/t.r.u.)

7,00

7,00

7,00

Coal costing price (KM/t.r.u.)

56,26

57,62

59,48

Cost price (KM/GJ)

3,41

3,49

3,60

Dredging
Required number
Of elements of
Loading-transporting
Complex for
Planned production

Drilling and blasting
Dredging
(excavating and loading)
Crushing
Transport

Coal
(piece)
Transport

Waste
(piece)

3

3

3

3

3

Conclusion

Diagram 1. Diagram of costs for truck and conveyer transport
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Mechanization possessed by the Coal Mine
and which still has drive readiness was optimized
in two complexes PH 1900 AL- MARC 36 and
M 201-TEREX.
In consideration of applying possibilities of
truck and conveyer transporting system, for concrete open pit, one of the inevitable problems is
determination of pit’s depth for their usage.
Method and order of activities for choosing an
optimal waste rock transport, consists of the following:
–– To determine geometrical parameters of
deposit’s exploiting space and space of
external dumping site,
–– To establish an annual size of production of
mineral material and waste rock,
–– On basis of geometrical sizes of open pit,
2010
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disposal sites and annual production, it’s
necessary to make a choice of optimal
complexes with possible mode of transport
–– On basis of average values of overall costs,
it is necessary to establish a marginal depth
of rational exploitation for each complex and
to choose optimal complex with transport
mode.
–– In situation when used energy must be taken
into consideration and when diesel fuel
prices are in increase, through the technoeconomical analysis by known elements
of mathematical model, we came up to
parameters which indicate that the use of
truck transport is economically justified,
up to depths of 185 meters. For this period
of exploitation it’s necessary to prepare
geometry of the pit and transporting systems
with movable crushing facilities, by usage of
excavators with cubage up to 20 m3, and then
to convert to conveying waste rock transport.
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Stiffness and strenght
analysis of corner joint
Analiza krutosti i čvrstoće ugaonog spoja
Izet Horman, Seid Hajdarevic, Sandra Martinovic, Nikola Vukas
Faculty of Mechanical Engineering, University of Sarajevo, Bosnia and Herzegovina

Abstract
In this paper is presented computational analysis of the stiffness and strength of woden corner
joints. The equations for momentum balance are
discretized by the finite volume technique. An accuracy of method was verified by comparing numerical results with experimental data. The results
show that the size and position of the clearance are
making an influence on the stiffnes and strenght,
wich provides an opportunity for selection of optimized size and geometric shape of that joint.
Key words: corner joint, stress, strain, finite
volume method
Sažetak

They are made by using various profile-adhesive
joints. The impact of changes in the shape and/or
types of glue is very important for the quality and
joint strength. Therefore, the research tries to find
the best dimensions and geometrical shape of joint
elements, which contributes to the rational design
of wood structures.
2. Physical and mathematical model
Physical model of one of the profile-adhesive
corner joint with the rectangular tenon and half
blind mortise and picture of test tube, which is
used in the experimental analysis, are given in
Figure 1 [1]. This joint was exposed to mechanical load on the free end.

U radu je prikazana numerička analiza krutosti i čvrstoće u drvenim ugaonim spojevima.
Jednačine bilansa količine kretanja su diskretizovane konačnim volumenima. Tačnost metode je
potvrđena poređenjem rezultata proračuna s eksperimentalnim podacima. Rezultati su pokazali kako
veličina i položaj zazora utiču na krutost i čvrstoću
ugaonog spoja, što omogućuje izbor optimalnih dimenzija i geometrijskog oblika tog spoja.
Ključne riječi: ugaoni spoj, napon, deformacija, metoda konačnih volumena
1. Introduction
Quality of joinery products (furniture and
building joinery) and the durability of wood structures primarily depend on the quality of joints.
48
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εij =

1
2

 ∂ui
∂u j

+
 ∂xj
∂ xi



 , .................. (3)



l and G are Lame’s constants, and δ ij is Kro-

necker delta.

l=

nE
E
, G=
,
(1 + n )(1 − 2n )
1 +n
 1, i = j
. . ...................... (4)
 0, i ≠ j

δij = 

In the above expressions u i are the components of displacement, E is Young’s modul and
n is Poisson’s ratio.
Boundary conditions must be specified in order
to complete the mathematical model. That can be
either displacements or stresses, ie:
Figure 1 Wooden corner joint (a) and its dimensions (b)
In numerical modeling of stress and strain were
provided certain assumptions:
- the material is isotropic and the elastic
modulus and Poisson’s ratio for the
simulated materials are calculated by the
method of least squares [2],
- corner joint is without glue line,
- force is acting on the final small area.
Distribution of stress and strain in solid-body
exposed to mechanical stress is described by momentum balance equation for the steady state [3].

∂s i j
∂xj

+ f i = 0 , ......................... (1)

where is s i j - stress tensor, x j - Cartesian spatial coordinates, and f i - volume forces.
Constitutive relation is given by Hooke’s Law

s i j = l ε k k δ i j + 2 G ε i j , ................. (2)
where is

2010

ui(xg ) = u0,

s i j n j = (s i

....................................... (5)

)

gr

,

where is n j - a component of normal vector on
the surface edge, and displacement u 0 is zero at
the fixed support.
Governing equations (1) combined with the
constitutive relations (2) are solved by the numerical method based on the final volumes. For calculations is used software package COMET [4].
3. Examples of determination of the
strained corner joint
The three types of corner joints are analyzed,
and for the first joint type was made an analysis of
stress and strain for several models. First is considered the joint without a clearance and then joints
with a clearance. For the first type of joint, bridle
joint (open mortise-tenon joint), was made the
analysis of stresses and strains, as for three transitional joints between the joint without a clearance
and a joint with a clearance in order to obtain more
complete analysis. Then was analyzed half blind
bridle joint and through mortise-tenon joint.
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Besides numerical analysis of stresses and
strains, the experimental analysis was also made.
The displacements at certain points of corner
joints were measured. Figure 2 is showing the
laboratory determination of displacement point on
the corners edge [5].

Fields of normal and shear stresses are calculated for each example, effective Von Mises stress
and displacements in the direction of two axes.
Displacements in point located in the intersection
of the direction of force action and the lower edge
corners are obtained experimentally. Experimentally and numerically obtained displacements of
the point (point A) for the analyzed examples are
given in Table 2.
The analysis has shown that the maximum
stiffness has joint without a clearance, and then
the stiffness of joints with a clearance decreases.
Minimum stiffness, or a maximum deformation
has joint with a vertical clearance. These are the
joints II and III. Figure 3 shows the deformation of
the corner joint without a clearance and the corner
joint with a vertical clearance (joint III).

a)
b)
Figure 3 Deformed corner (10x increase): a) the
joint without a clearance, b) joint III
Figure 2 The laboratory measurement of the joint
edge point displacement
Mechanical properties of materials of the corner joint - spruce (kg/m3) are given in Table 1.
For the purpose of the numerical calculation,
the elastic modulus and Poisson ratio are calculated for simulated isotropic material, and E=3,98
GPa, v = 0,192 [1]. Corner joints were loaded on
the free end with the force of 200 N, that was acting at an angle of 45o. The dimensions of corners
can be seen in Figure 1.

In Table 2 is also given the relative error. It can
be seen a better agreement between experimental
results and the computer data at the joint without
a clearance, but at the joint with a clearance. Minimum error is 5,94% and maximum 24%. This error
is a result of neglecting wood orthotropy, glue band
and discontinuity of the media (contact area) in numerical modeling, and measurement errors in the
experimental determination of the displacement.
In Table 3 are given numericaly obtained values of the extreme stresses and the maximum displacement at the analyzed joints.

Table 1. Mechanical properties of wood, (spruce)
Et

Er

El

Grt

Glr

Glt

ntr

nrt

nrl

nlr

ntl

nlt

GPa

GPa

GPa

GPa

GPa

GPa

-

-

-

-

-

-

0.392 0.686 15.916 0.0392 0.618 0.765
0.24
0.42
0.019
0.43
0.013
0.53
E – elastic modulus; G – shear modulus; n -Poisson’s ratio; t – tangential; r – radial; l – longitudinal
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Table 2 Experimental and numerical values of displacement of the point A for considered examples of
the corner joint
Joint
Corner joints

Exp. value
Physical
model

Numerical value

Displac. fe u displac. v displac.
mm

mm

mm

Displac. Error
projection
mm

%

0,002453 -0,331842 0,331851

0,23291

5,94

0,000663 -0,363817 0,363818

0,25678

-0,00034

-0,379591 0,379591

0,26865

-0,01213

-0,407742 0,407922

0,29689

0,266954

-0,01785

-0,453263 0,453614

0,33312

23,57

0,405952

-0,01916

-0,451145 0,451552

0,33255

18,08

0,32736

-0,02595

-0,54881

0,40641

24,14

0,21984

mm

Total
displac.

joint without
a clearance

mod.1

mod.2

mod.3

joint with
a clearance

joint II

0,549423

joint III
2010
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Table 3 Numerical values of extreme stress and maximal displacement for considered examples of the
corner joint
Joint
Corner joints

Extreme stress
Physical model

sxx

syy

txy

txz

tyz

seff

Max.
displac.

MPa

MPa

MPa

MPa

MPa

MPa

mm

-3,6
1,9

-3,6
1,9

-1,6

0,11

0,11

4,2

0,49

-4,6
5,0

-4,3
3,4

-2,0

1,1

0,74

4,9

0,54

-4,9
5,1

-7,0
3,7

-2,6

1,1

-1,1

6,8

0,56

-10
6,2

-4,9
2,0

-3,3

-1,9

0,64

9,3

0,6

-8,9
6,3

-6,3
3,7

-1,8

2,4

2,0

9,9

0,67

-9,3
6,6

-6,6
2,2

-2,2

2,4

2,03

10,39

0,657

-15,9
11,9

-6,0
5,1

-4,3

-2,9

0,81

13,5

0,81

joint without
a clearance

mod.1

mod.2

mod.3

joint with
a clearance

joint II

joint III
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It can be seen that the minimum stress is in the
joint without a clearance, and maximum in the joint
with vertical clearance (joint III). The analysis has
shown that the influence of the vertical clearance
on the stress intensity is larger than the influence
of the horizontal clearance. The dominant stress
is sxx. If the vertical and horizontal clearances occur together it reduces the stress sxx; compressive
more than the tensile stress. Horizontal clearance
has the dominant influence on the compressive
stress syy. Of the shear stresses, dominant stress is
txy and the largest is at the joints with full vertical
clearance (joint I, model 3, and joint III).
In Figure 4 is shown the shear stress at joint III
and the distribution of normal stresses syy on the
contact surfaces of the tenon edge and the mortise
bottom. From the figure can be seen that the ends
of the tenon edge are most exposed on stress.

4.

Conclusions

Numerical simulation of corner joints stresses
enables the determination of validity of the treated
joint, ie: determination of the location of maximum stress and the influence of type of joint on its
stiffness and strength.
Analysis has shown that the position and dimensions (length) of a clearance, primarily vertical clearance between the tenon structural shoulder
and lateral side of mortise walls, significantly affect on the stress and strain. The vertical clearance
affects the most the reduction of joint stiffness and
has negative influence on the joint strength.
By using numerical modeling fast analysis is
possible, as well as design (development) and determination of constructive joint solution.
5.
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Designing and reliability of
mine ventilator facilities
Projektovanje i pouzdanost ventilatorskog
postrojenja rudnika
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Abstract
Depending on occurrence probability of natural potential hazards in the mine, mine ventilator
facility possessing satisfactory reliability should
be designed in order to provide operational safety
of employees.
Key words: Ventilation facility, reliability,
probability
Sažetak
U zavisnosti od verovatnoće ispoljavanja
prirodnih potencijalnih opasnosti u rudniku,
potrebno je projektovati ventilatorsko postrojenje
rudnika zadovoljavajuće verovatnoće pouzdanosti
radi obezbeđenja sigurnosti rada zaposlenih.
Ključne reči: Ventilaciono postrojenje, pouzdanost, verovatnoća
Introduction
The method of development of mine ventilator facilities is partially regulated by the Rules on
Technical Norms for Underground Coal Mining
(‘Official Gazette of the Republic of Serbia’, №
4/89). Rules on Technical Norms for Underground
Mining of Metallic and Non-Metallic Raw Materials do not treat this issue specially. In order to
provide safe operation conditions for mine work54

ers, depending on probability of potential hazards which may affect the mine atmosphere and
workers (penetration of gases, mine fires or explosions), it is necessary to design a ventilator facility
of corresponding efficiency and reliability.
In countries with highly developed mining, there
are adopted or standardised ways to develop ventilator facilities, for coal and metal mines /2/*. In the
absence of such standards in underground mines in
Serbia, designing of ventilator facilities is carried
out in different ways and improvisations, for the
purpose of meeting technical norms, stipulated by
regulations. Many smaller mines of metallic and
non-metallic ores are ventilated by natural depression, although such ventilation is not reliable.
Deterioration of operating conditions in underground mines, due to their increasing depth,
imposes the need to devote extensive attention to
designing and reliability of ventilator facilities in
mines. It is necessary to adopt the basis for mine
ventilator facility development depending on hazard occurrence probability, affecting the mine atmosphere and causing mine accidents. Accidents
affecting mine atmosphere may be caused by poor
organisation of mine ventilation, ventilator operation interruption, impossibility of air current
inversion and damages to the ventilator facilities
during fires and explosions.
Serbian mechanical industry may manufacture
main mine ventilators, therefore, it is necessary to
perform ventilator standardisation, construction
and equipping of mine ventilator facilities. Main air
2010
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current shafts next to which the ventilator facility
is constructed may be vertical, inclined and horizontal. Connection of ventilation facility with these
premises is done through the ventilation channels.
Therefore, ventilation facility development does
not depend on mine opening manner. Typical projects of ventilator facilities may be derived from basic principles stipulated in regulations.
Coal mine ventilator premises development
principles
Coal mine ventilator facility is made of the following:
1. Main and stand-by ventilator with diffuser
and air current regulation and direction
control devices. If the mine does not have
an air current flow regulation through mine
premises, ventilator facility needs to have an
air current flow control device. The device
should enable direction change in 10 minutes.
Ventilation gate for separation of opposite
air current directions within the mine need
to have a locking device preventing opening
or a ‘counter-gate’ installed in between with
opening in opposite direction. If methane
explosion is expected behind, then they
should endure the pressure of 1013 kPa.
2. Mine ventilator connection (ventilation
channel) and devices for energy connection
and supply. Ventilator facility connection
(ventilation channel) is executed under
the principle of optimum aerodynamics,
and their length usually amounts to 10 Do,
where Do is ventilator runner diameter. If
this condition is not met, air current flow
deflector is applied. Channel structure needs
to be such to prevent damages to ventilation
facility by possible explosion.
Every ventilator facility needs to have at least
two independent energy supply sources. Independent energy supply source implies a generator or
an internal combustion engine. Proper operation
of these supply sources should be controlled at
least one a week.
Ventilator construction and manner of its connection is executed not to have the noise level
above 80 dB/A/ outside the perimeter of 30 m.
2010

Ventilator facility needs to have a continuous
depression registration device, as well as automatic methane detection device in the total mine air
current, in case of methane mines, with the methane content in the output air current up to 0.5%.
These devices may be individual or a part of the
system of automatic remote control. Device for
registration of total output mine air current have
to be applied in mines in which the premises are
categorised with Level II methane danger.
Although technical norms for metallic raw
material mines do not regulate especially the ventilator facility devices, it has to be developed in
a similar manner, and it does not need to have a
double ventilator system, energy source for their
operation and air current control device. In principle, it consists of the suction channel, ventilator
with electrical or diesel engine and diffuser with
noise damper. Construction of ventilator facility
of metal mine is simpler, whereby, in some cases
it is also located below ground within main exit
gallery profile.
Above ground ventilator facility is protected
from atmospheric impact by construction of buildings made of non-combustible material. It is usually constructed from steel structure with light
concrete panel filling and a roof structure from
everite or concrete. It contains a guard room and
premises for the housing of electrical equipment.
Ventilator facility diagram is given on Figure 1a.
Reliability of mine ventilator system mostly
depends on the reliability of ventilator facility,
whereby, their operation reliability needs to be
high. It is lower in case of mine ventilator facilities consisting of one ventilator.
In methane and explosive coal dust mines, ventilator facility needs to have high reliability. It is
achieved by installation of quality devices and
their doubling, as well as by installing ‘hot’ and
‘cold’ reserves.
By doubling of ventilators, electrical drives
and energy supply sources in coal mine ventilation facilities, higher operation reliability of mine
facilities and ventilation is achieved.
Therefore, it is necessary to design or identify
ventilation facility operation reliability and introduce ‘hot’ and ‘cold’ reserves for those components characterised by high failure level.
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Ventilator facility operation reliability
probability
Mine ventilator facility consists of several different components or subsystems, whereas, failure
of any of the components or subsystems, considering their serial connection, causes the operation
failure of the entire system. Mine ventilator facility consists of the following subsystems:
1. Suction channel subsystem with the gate
system,
2. Ventilator subsystem with electromotor
drive and diffuser,
3. Energy supply and ventilator start-up
subsystem,
4. Air discharge subsystem with noise damper
and air current control: Figure 1b.

When a failure occurs on a subsystem component, entire system operation is interrupted, whereby
urgent component replacement should be performed.
Mean time of component replacement within the
system in the observed period amounts to:
Tr = S tr / n ................................ 3
where:
tr – subsystem component replacement mean
time.
Subsystem availability coefficient is determined based on the following relation:
Kr = Tk / ( Tk + Tr ) .......................... 4
This coefficient represents system sensitivity
coefficient to subsystem failure. Subsystem operation probability without the failure in time Dt’ of
interest to us, is determined from the expression:
p (D t ) = exp [− l ( D t )]
or
p (D t ) = exp − D t / T k . ...................... 5

Figure 1. a/ Ventilator facility diagram, b/ Subsystem connection diagram
Subsystem operation reliability probability in a
certain time interval T (year, day or hour) is determined on the basis of statistic failure records.
Subsystem failure frequency is determined on the
basis of the following expression:
l = n / T ................................... 1
where:
l – frequency,
n – number of subsystem failures in time T,
T – subsystem effective operation observation
period.
If subsystem failure frequency is continuous,
mean time of component operation without failure
may be determined:
Tk = 1 / l. . ............................... 2
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Tk – mean time of component operation without
failure. When its reliability probability is known, it is
determined on the basis of the following expression:
Tk=

∞

∫
o

p
(D t )

d t ............................ 6

Mine ventilation facility should possess high
reliability. Mathematical model for determination
of system or subsystem reliability connected in
one sequence is determined under the multiplication theorem of independent component reliability
probabilities, whereby, operation probability of
more complex systems is higher than operation
reliability of serially connected components.
P s = ∏ p i / x i / Ps = p 1 ⋅ p 2 ⋅ p n ........... 7
;
where:
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pi – reliability probabilities of individual
components or subsystems of ventilation
facility xi.
Failure or unreliability probability of the
subsystem is opposite to reliability probability,
whereby Qs = 1 - Ps or:
Qs =

∑q

i ( x i)

− ∏ q i ( x i ) . ................. 8

where:
qi – unreliability of element xi or subsystem
within a system.
For highly reliable systems consisting of large
number of identical components xi in a sequence,
member

∏q

i ( x i)

is a small value which can be

disregarded, whereas Q s = ∑ q i ( x i ) - is system
unreliability probability. (3)
Typical ventilator facilities should be constructed in coal mines for the provision of operational safety, consisting of two parallel (in hot
reserve) connected complete ventilators on the
suction channel. If motor – ventilator set reliability probability is familiar, in case of parallel connected sets xi, uncertainty probability is obtained
from relation:
Q s ( x i ) = q 1x =i ki .............................. 9
where:
ki – number of parallel stand-by sets xi=ki in
hot reserve; in case of failure of one set, the
other may continue to work continuously,
without ventilation interruption.
System sensitivity coefficient in which subsystems are doubled ki =1 is close to one Tr»1, since
start-up time of the subsystem (repair) is close to
zero tr=o. System or subsystem reliability probability in which components are in parallel standby, whereby one is in operation and ki is in hot
reserve, amounts to:

[

Ps ( x i ) = 1 − Q s ( x i ) = 1 − q (1x+i )ki = 1 − 1 − Ps1(+xki )i

Mathematical model for determination of total
complex reliability probability of ventilator facility
is derived on the basis of subsystem connections and
configuration of components in subsystems of the
complex system, taking into consideration the sensitivity coefficient of the system to failures in subsystems, whose value is β = 0 , when system is not sensitive to subsystem failures and β = 1, when system
is sensitive to subsystem failures causing system operation interruption. Mine ventilator facility consists
of four subsystems. System sensitivity coefficient to
all subsystems is close or equal to one. Mathematical model for determination of total probability of
the entire system is derived from the formula.
P = p 1 ( x 1 ) ⋅ p 2 ( x 2 ) ⋅ p 3 ( x 3 ) ⋅ p 4 ( x 4 ) . ........ 11
where:
p1 – suction channel reliability probability,
p2 – reliability probability of ventilator with
1+1
electro-motors, p 2 = 1 − ( 1 − p v ) ,
p3 – reliability probability of subsystems
or energy supply (double transmission
line, special SUS motors or generator)

p 3 = 1 − ( 1 − p e ) 1 + k e , k =1
e
p4 – subsystem for air discharge and air current
control.

[

P = p 1 ⋅ 1 − ( 1 − Pv

) ] ⋅ [1 − (1 − P ) ] ⋅ p
2

e

2

4( x 4)

......................................... 12
If system sensitivity to failure in subsystem
β ≠ 1 is entered into the mathematical model for
determination of system reliability probability, then
subsystem reliability probability should be multiplied with the corresponding sensitivity β i . For
achievement of optimum system reliability probability it is possible to perform optimisation of hot
reserve components in subsystems or elements in
cold reserve.

].

......................................... 10
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Example 1 Ventilator facility devices under
application of centrifugal ventilators
Centrifugal (radial) ventilators for main mine
ventilation compared to axial ventilators provide
considerably higher static pressure, which is significant for deep and tight mines. The following
ventilators are applied: single-sided, Type VC and
double-sided, Type VCD ventilators. (V – ventilator, C – centrifugal, D – double-sided, figures
designate ventilator runner diameter in dm). The
following ventilators are applied for ventilation
facilities of main mine ventilation: VCD-16, VCD
- 23, VCD - 32 VCD - 47. They create static pressure of 1400 to 5000 Pa. Ventilator type VCD – 47
is applied for ventilation of deep and tight mines,
achieving static pressures up to 9000 Pa, with the
capacity from 20 to 3000 m3/s.
Typical solution of ventilator facility with air current reservation for application of every ventilator
type VCD is standardised and shown on Figure 2.

ner rotation and ventilator motor direction change.
Air current turning is performed through the return channel, while the return channel for air current inversion diffuses air dampers by closing gate
9. Simultaneously, the suction channel is opened
towards the outside, gate 8, while gate 13 is closed
towards the mine. Gates 10 and 6 isolate the ventilator not in operation.
Example 2 Ventilator facility devices under
application of two-level axial ventilators
type VAT
Literature 2 contains diagrams of typical ventilator facilities for two-level stand-by axial ventilators
of type VAT 16, 21, 30, 40, 50 (labels: V – Ventilator, A – Axial, T – Two-level, figures represent ventilator runner diameter in dm). These ventilators are
intended for main mine ventilation under necessary
static ventilator pressure not higher than 3000 Pa
and necessary air flow of 12 do 600 m3/s.
Typical ventilator facility for application of
VAT type ventilator is given on Figure 3.

Figure 3 - Ventilator facility with ventilators type
VAT
Figure 2. Ventilator facility with ventilators type
VCD
Air current inversion under the application of
centrifugal ventilators is executed by means of return channels or analogous devices, without run58

Ventilator facility with ventilators of VAT type
consists of the main and stand-by ventilator 1 and
2 with synchronous electro-motors 3 and 4, lubrication system 5, electrical automation 6, device
for connection of each ventilator individually to
the ventilation channel 7 and 8, inlet 9 and outlet
10 channels and noise damper 11.
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Noise damper is common for both ventilators
since this prevents penetration of external cold air
into the stand-by ventilator and reduces facility
construction costs.
Air current flow inversion is executed with this
type of ventilators by disconnecting the ventilator
motor and rotor breaking. Ventilator rotor blades
are turned by means of the turning device for
180oC, together with air orientation blades. After
this, the rotor brake is realised and motor started
up by turning in the direction opposite from normal operation. In this case, air is sucked through
the noise damper and compressed through the
ventilation channel into the mine pit in opposite
direction.
Air flow regulation and depression of these
ventilators is carried out by selecting the blade angles depending on ventilator axis. Operating characteristic of the ventilator depending on the blade
angle is given in the ventilator documents. Easy
change and selection of operating characteristics
of the ventilator makes this type of ventilator suitable for main mine ventilation. Consequently, this
type of ventilators increasingly suppress the use
of centrifugal ventilators for main mine ventilation facilities.
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Conclusion
Considering that technical norms for underground mining regulate ventilator facility devices,
it is necessary to standardise ventilators, as well as
their construction and equipping. For standardised
systems, reliability probability of individual subsystems of ventilator facility may be established
based on experience from mines and previous operation period. Based on these data and application of proposed methodology, ventilation security
of dangerous mines may be defined. This would
largely simplify the designing of ventilator facilities of dangerous mines.
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Stiffness analysis of the
Sarafix external fracture
fixation system
Analiza krutosti sistema za spoljašnju fiksaciju
kosti Sarafix
Elmedin Mesic, Adil Muminovic, Nedzad Repcic, Mirsad Colic
Faculty of Mechanical Engineering Sarajevo, Bosnia and Herzegovina

Abstract
This paper presents stiffness analysis of the
Sarafix external fracture fixation system, performed
using two techniques: structural analysis by application of the finite element method (FEM) and experimental analysis. The stiffness property of the
external fixator affects the local biomechanical and
biological environment of fracture healing. The research has been conducted in a case when one of
the Sarafix unilateral biplanar fixator configurations
has been applied to a tibia with an open fracture.
3D geometrical and FEM model of the fixator configuration was formed using CATIA V5 software
system and a structural analysis was performed afterwards. Experimental and structural analyses of
Sarafix fixator were performed under three types
of loads: axial compression, AP (anterior-posterior)
four-point bending and torsion.
Values of bone segments displacements at the
point of load and fracture gap have been analyzed
based on which values of construct stiffness and
fracture gap stiffness under loads have been determined. Verification of the results obtained from
a structural analysis was carried out through experimental testing by comparing values of an appropriate component of displacement at the point
of load.
Key words: the Sarafix external fracture fixation system, interfragmentary displacements, fixator construct stiffness, fracture gap stiffness.
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Sažetak
Rad prikazuje analizu krutosti, sistema za
spoljašnju fiksaciju kosti Sarafix, izvedene upotrebom dvije tehnike: strukturne analize metodom
konačnih elemenata (MKE) i eksperimentalne
analize. Krutost spoljašnjeg fiksatora utiče na lokalno biomehaničko i biološko okruženje u kojem se odvija zarastanje prijeloma. Istraživanja su
izvedena za slučaj kada je jedna od unilateralnih
biplanarnih konfiguracija fiksatora Sarafix aplicirana na potkoljenicu sa otvorenom frakturom.
Koristeći softverski sistem CATIA V5 formiran
je 3D geometrijski i MKE model fiksatora, nakon
čega je izvedena strukturna analiza. Eksperimentalna i strukturna analiza fiksatora Sarafix izvršene
su prema: aksijalnom opterećenju pritisnom silom, AP (anteriorno-posteriornom) savijanju u
četiri tačke i uvijanju.
Analizirane su vrijednosti pomjeranja segmenata modela kosti na mjestu opterećenja i na
mjestu prijeloma na osnovu kojih su određene
vrijednosti krutosti konstrukcije fiksatora i krutosti prijeloma prema ispitivanim opterećenjima.
Verifikacija rezultata dobivenih strukturnom analizom izvedena je eksperimentalnim ispitivanjima,
poredeći vrijednosti odgovarajuće komponente
pomjeranja na mjestu opterećenja fiksatora.
Ključne riječi: sistem za spoljašnju fiksaciju
kosti Sarafix, međufragmentna pomjeranja, krutost fiksatora, krutost prijeloma.
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1. Introduction
In the last two decades, a closer link between
medical science and other disciplines of science
(Technics, Medical Engineering, Biomechanics,
etc.) has been created, with the aim of multidisciplinary solving contemporary medical problems.
One example of association of scientists of different profiles for the purpose of designing and improving medical equipment is the application of
methods of external fixation and the development
of systems for external fixation.
The idea for the development of the external
fixator was developed by a group of orthopaedists
of ‘’prim.dr. Abdulah Nakas’’ General Hospital,
headed by prim.dr. Sukrija Djozic, in Sarajevo under siege, in May 1992. The idea was triggered
by the insufficient number of existing fixators, as
the result of the expansion of the war activities.
Shortly after, the first fixator called Sarajevo war
fixator - Sarafix (Fig. 1) was produced.

Figure 1. Sarafix fixator (configuration 4+4)
During the war, the Sarafix found its highest
application in the treatment of extensive gunshotexplosive fractures of long bones of the extremities. Today, in peacetime traumatology, it is used
in accidental injury in traffic accidents and industrial trauma [1].
Sarafix external fixation system represents a
unilateral, biplanar external fixator which belongs
to a group of modular fixators with one-half pins.
Owing to the high flexibility and mobility, its application is possible to the complete human skeleton. Sarafix is the holder of numerous awards and
prizes at international exhibitions of innovations,
and gold medals at the exhibitions of innovations
Brussels Eureka 95 and Geneva 1996, and Sarajevo’s Sixth of April Award for 2001 should be
emphasized.
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2. Objective and methods
All commercial fixators now in use passed a
biomechanical study before their first application.
However, as Sarafix emerged in situations of conflict, its biomechanical testing was not carried out
in terms of exact evaluation of the fixator stability
on the load which is exposed during the postoperative period of a patient’s treatment. A comprehensive research study of mechanical stability of
the Sarafix fixator was performed at the Faculty of
Mechanical Engineering Sarajevo in the master’s
thesis [2].
The main value for evaluation of mechanical
stability of the external fixator is fixator stiffness.
This paper presents results of stiffness analysis of
the most used configuration of the Sarafix external fixator in the case of an unstable tibial fracture
(Fig. 1). An open fracture at the middle of tibia
with fracture gap of 50 mm (severe extensive injury with a considerable defect of bone structure)
was examined.
The analyzed configuration 4+4 of the Sarafix
fixator contains four one-half pins in proximal and
distal bone segment (Fig. 1 and 2).
One of the reasons for determining construct
stiffness of the external fixators is its impact on
the stress generated in the contact of one-half
pin-bone. Increasing the stiffness of the fixation
device significantly reduces the axial load to the
one-half pins, and thus stresses generated at the
one-half pin-bone contact. This helps reduce the
risk of weakening (relaxation) of the one-half pins
and infection in the area around the one-half pin,
which is usually related to complications of external fixation of bone [3]. On the other hand, after
the initial phase of treatment, for the purpose of
dynamization process and in order to stimulate
consolidation of the bone, it is desirable to control fixator stiffness and coordinate to the trend of
fracture healing.
The stiffness analysis of the Sarafix fixator was
carried out using structural and experimental analysis under three types of loads: axial compression,
AP four-point bending and torsion. The structural
analysis by the application of the finite element
method was carried out using appropriate modules
of the CATIA V5 software system [2]. Previously,
3D geometrical model of components of the Sara61
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fix fixator was formed based on which a computer
model of the analyzed configuration was formed.
3D geometrical modeling of the Sarafix fixator,
structural analysis and experimental testing were
carried out at the laboratories of the Faculty of
Mechanical Engineering Sarajevo.
The analyzed configuration of the Sarafix fixator was attached to proximal and distal tibia bone
segment modeled with cylindrical wooden models
with the known physical properties. Intensities of
loads were determined based on in-vivo testing on
patients [4]. During the axial compression testing
(Fig. 2), the bone models were supported on ball
joints, while maximal axial loading force applied
to the proximal bone model was:
Fp = 600 N.

During the processes of FEM modeling and
linear structural analysis, material of wooden bone
models was defined as orthotropic, as materials
of the fixator construction (stainless steels) were
modeled as isotropic. Solid elements, types of linear and parabolic tetrahedral, were used for modeling structure of Sarafix fixator components. Join
elements, of spider type, were used for modeling
joints between the components [2].
Experimental testing of the Sarafix fixator configuration under axial compression and AP bending was carried out on the universal material testing machine (Zwick GmbH & Co., Ulm, Germany, model 143501) using supports for holding of
bone models. Verification of structural analysis of
the formed FEM model of the Sarafix fixator was
carried out using experimental testing.
3. Determination of the construct and the
gap stiffness
Most biomechanical studies of the external fixation analyze only total characteristics of stiffness
of diverse types of fixators and configurations.
This paper, except the value of the Sarafix fixator
observed configuration’s stiffness, analyzes also
gap stiffness. One of the possibilities of structural
analysis using FEM is to determine the direction
and intensity of movement of any point of the
bone models and fixator. For each type of load, the
construct stiffness of the fixator is defined as the
ratio of load and movement (Fig. 3 and 4) or as the
ratio of torque and rotation of bone at the point of
load (Fig. 5).
Axial construct stiffness of the fixator (Cp) was
calculated using the following equation:
Cp =

Figure 2. Set-up for experimental testing on
axial compression
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Fp

δp

(N/mm) . ....................... (1)

where:
Fp – is the applied axial loading force (N),
δp – is the axial displacement of proximal
segment at the point of load (mm).
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the cylinder with a flat surface reliance, while the
maximum value of bending force was: Fs = 500 N.
AP bending construct stiffness of the fixator
(Cs) determined as follows:
Cs =

Fs

δs

(N/mm) ......................... (2)

where:
Fs – is the applied bending force (N),
δs – is the displacement (deflection) of bone
segment at the point of load (mm).

Figure 3. Non-deformed and deformed structure
of the system under maximum axial load
Figure 3 shows the 3D FEM model of the analyzed configuration Sarafix fixator before and after the action of maximum axial load. The directions and intensities of deformation of each point
of the structure of the system and bone models are
observed in the Fig. 3.
Diagram of axial displacement proximal segment model of bone at the point of load (Chart 1)
was obtained by the structural analysis using FEM
and experimental testing. It shows the intensity of
deformation of the analyzed Sarafix fixator configuration during testing under axial compression.

Chart 1. Comparative diagram of the axial displacement at the point of load
During the testing under AP four-point bending
(Fig. 4) models of the bones are free to rely on
2010

Figure 4 shows the 3D FEM model of the analyzed Sarafix fixator configuration before and after the action of maximum bending force, which
acts simultaneously on both models of bone segments. Directions and intensities of displacement
of every point of the system structure and bone
models are noted clearly.

Figure 4. Non-deformed and deformed structure
of the system under maximum bending force
Diagram of the displacement proximal and distal segments of the bone models at the point of
load (Chart 2) was obtained by structural analysis
using FEM and experimental testing.

Chart 2. Comparative diagram of deflection at
the point of load
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Testing under torsion was carried out by the
principle of rotation distal segment of the bone
model in relation to the fixed proximal segment
(Fig. 5). The maximum value of the torque was:
Mu = 15 Nm.
Torsion stiffness of the fixator construct (Cu) is
calculated using the following relation:
Cu =

M

θ

u

(Nm/rad) ....................... (3)

where:
Mu – is torque (Nm),
θ – is torsion angle of bone segment at the
point of load (rad).
Figure 5 shows the 3D FEM model of the Sarafix
fixator configuration during structural analysis under torsion. Rotation of the system structure points
after acting of the maximum torque is noted clearly.

Figure 5. Non-deformed and deformed structure
of the system under maximum torque
Using structural analysis and experimental
testing a diagram of torsion angle of proximal segment model of bone at the point of load was obtained (Chart 3), which also shows the intensity
of deformation of the Sarafix fixator configuration
during testing under torsion.
Fixator construct stiffness is an important characteristic, but it cannot provide direct information
about displacement of a fracture gap. The precise
information can be provided by analyzing relative
displacements of end bone segments under simulated conditions of loads.
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Chart 3. Comparative diagram of torsion angle
at the point of load
However, in addition to numerous research, it remains unclear which forms of movement are helpful and harmful to the healing of fractures, therefore
the information about the values of relative movement of the bone parts is of limited value. But on
the basis of literature the following two hypotheses
[5] could be suggested:
–– Cyclic axial micro motion is beneficial for
healing of fractures.
–– Shearing motions of bone segments at the
fracture site are detrimental to its healing.
Absolute displacements of analyzing points at
the proximal and distal fracture endplate in the x, y
and z direction were determined. Analyzing points
were selected in such a manner for the resulting
vector of relative displacements (R) has maximal
value (Fig. 6).
Relative craniocaudal and lateromedial displacements (x and y direction) and axial displacements (z direction) for analyzed points were calculated as:
rD(x) = Dp(x) – Dd(x);
rD(y) = Dp(y) – Dd(y); ........................................................ (4)
rD(z) = Dp(z) – Dd(z)
where:
r(D)x, r(D)y and r(D)z - are the relative
displacements at the fracture gap in the x, y
and z directions (mm),
Dp(x), Dp(y) and Dp(z) - are the absolute displacements of points at the proximal fracture
endplate in the x, y and z direction (mm),
Dd(x), Dd(y) and Dd(z) - are the absolute
displacements of points at the distal fracture
endplate in the x, y and z direction (mm),
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technics technologies education management

Cps =

Fs
R

=

Fs
( rD( x) ) 2 + ( rD( y) ) 2 + ( rD( z) ) 2
............................................ (6)

torsion:
Cpu =

Mu
R

=

Mu
( rD( x) ) 2 + ( rD( y) ) 2 + ( rD( z) ) 2
......................................................................

(7)

4. Results
Values of displacement of proximal and distal
model of the bone segment at the fracture gap under maximal axial load, bending force and torque
are presented in Table 1.
Displacements were analyzed at the point of
load and fracture gap using FEM and experimental
testing. Based on the displacement at the point of
load (δ i θ), the values of the construct stiffness (C)
are determined, based on the relative displacements
at the fracture gap (R), the values of gap stiffness
(Cp) are determined as shown in the Table 1.

Figure 6. Translation displacement vectors of
points at the fracture gap
The gap stiffness was calculated as the applied
force divided by total displacement at the analyzing points in the case [3]:
Axial compression:
Cpp =

Fp
R

=

Fp
( rD( x) ) 2 + ( rD( y) ) 2 + ( rD( z) ) 2

5. Conclusion

........................................ (5)

Optimal mechanical environment, which promotes bone healing, has not been completely
defined yet. It is known that the directions and

AP bending:

Dp(x)

Dp(y)

Dp(z)

Dd(x)

Dd(y)

Dd(z)

R

δ; θ

Cp

C

4,14 -4,36 0,53

4,29

0,22

4,58

4,18

130,93

143,54

-

-

-

4,35

-

137,93

2,8

2,21

2,74

2,48

182,22

201,61

AP
Axial
bending compression

Analyzing
method

Displ. of the prox. Displ. of the distal.
Cons.
Max. relat. Displ. at the Gap stiff.,
segment at the
stiff.,
N/
segment at the
displ. at the point of load, N/mm;
fracture gap,
mm;
Nm/
fracture gap,
gap, mm
mm; rad* Nm/mm#
rad¤
mm
mm

FEM 0,53

-

-

-

-

-

-

2,59

-

193,05

Torsion

Type of load

Table 1. Values of stiffness and displacements under maximum intensity of loads

FEM 0,82

0

0

0,05

0

0

0,76

0,073*

19,74#

205,48¤

Exp.

-

-

-

-

-

-

0,076*

-

197,37¤
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Exp.

-

FEM -0,03
Exp.

-

2,8

-

-

-0,53 -0,03
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intensities of interfragmentary displacements in
fracture gap, as well as stiffness of external fixator, affect the outcome and speed of the fractures’
healing. Interfragmentary displacements parallel
to the fracture surfaces, lead to the appearance of
pseudo-arthrosis instead of fracture healing. For
these reasons, it is necessary to control interfragmentary displacements, especially to minimize
transverse (shearing) displacements of bone ends
at the fracture gap.
Using the developed FEM model of the Sarafix
fixator, for each case load it is possible to track 3D
displacement of any point of the bone-fixator system and interfragmentary displacements within
the area of fracture. It is shown that the CATIA
software system can be successfully used in the
development of 3D geometrical models, FEM
analysis and computer simulations of the process
from different areas of technics and medicine.
Discrepancies of the found shifts obtained through
FEM structural analysis in relation to the results of
experimental testing range depending on the type
of testing in accordance with the following:
–– for axial compression differences were 3,9%,
–– for AP bending differences were 2,3%,
–– for torsion differences were 4,6%.
In the previous analysis of the result discrepancies, deviations found up to 5% were considered tolerable. In this way, we can conclude that
the solutions obtained by structural analysis were
verified, i.e. the developed FEM model of the
Sarafix fixator was verified. If we compare the results obtained in relation to the values of stiffness,
analyzed Sarafix system configuration, with the
results of the stiffness analysis of other external
fixators of the same type and similar configurations [5-8], it could be concluded that the Sarafix
fixator achieved remarkable results. The conducted research has shown that there is a linear dependence between the load and displacement of the
bone segments, as a result of the absence of large
rotation, displacement and plastic deformation of
the fixator components and its joint slippage during experimental testing. The above fact is also
a basic requirement for the fixator’s stability in
terms of preserving anatomical reduction of bone
fragments in the postoperative load conditions.
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Abstract
Intensive investigations of the complex process
of coal dust explosive properties in underground
coal mines have contributed to more realistic consideration of this hazard. Coal dust explosion effects are by far larger and heavier than those of gas
explosion, both in terms of mine workers and the
mining structure itself.
This Paper provides an overview of implemented protective measures, together with assessment of their efficiency and proposal of additional
measures aimed at eliminating this hazard, based
on investigations conducted so far related to explosive properties of coal dust and consideration
of underground mine structures – pits in Serbia.
Key words: coal, coal dust, mining
Introduction
Expansion of mechanisation in all phases of the
technological process of underground coal mining
as well as production intensification, increase the
danger level from explosive and flammable coal
dust. Coal dust explosion cases with catastrophic
consequences represent the reason due to which
serious attention has been paid to coal dust issues
and investigations in this field.
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Explosion of coal dust, possessing natural explosive properties, occurs in cases when several
factors coincide at a certain moment:
–– Stirred-up state of dust with corresponding
dispersion composition.
–– Mixture of dust and air in the corresponding
ratio.
–– Ignition source of the mixture dust – air,
dust – air – methane.
Coal dust creation conditions in coal mines exist practically everywhere, and there are also wide
possibilities for its stir up, whereby ignition sources have to be neutralised. Consequently, protection measures need to be applied for elimination
of explosive properties of coal dust. These measures may be grouped in the following manner:
–– Measures preventing dust creation and
deposition,
–– Measures disabling dust stir up and ignition,
–– Measures restricting coal dust explosion.
These measures should be followed by systematic controls and measurements of dust abstraction
and its deposition in mining premises.
High temperatures and large amounts of heat
develop during coal dust ignition and explosion
process, causing high pressures in the part of
underground mining atmosphere affected by explosion. Developed pressures cause strong and
destructive air bursts which in addition to other
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activities produce powerful dust stir up, creating
bursts initiating coal dust ignition and explosion
chain in underground premises. All this occurs
extremely quickly, transforming the created ignition chain into a unique process of coal dust burning and explosion within the affected area. This
causes the need to implement restriction measures
of possibly created explosion in coal mines.
Investigation of explosive agents of coal
dust in underground mines in Serbia
Investigations of coal dust properties in Serbian
coal mines has mainly been done by experts of the
Mining Institute Belgrade, while special contribution
was given by A. Curcic, Sc.D. and B. Vukomanovic,
Sc.D. who have significantly contributed through
their several decade long investigation of this issue
for higher attention to be paid to the dust problem.
Complete investigations of explosive properties of coal dust may be classified in four groups:
1. Laboratory investigations of chemical characteristics: content of volatile substances, ash,
humidity, Cfix, coke, combustible substances
and determination of calibration point;
2. Investigation of physical properties of dust:
dispersion composition, bulk density, specific
surface and heat capacity;
3. Experiments related to the creation of explosive mixtures and monitoring of explosion
progress of laboratory bombs;
4. Coal dust explosion experiments in the
experimental trench.
The content of volatile substances is treated differently in regulations of various countries. Some
set the limit to 10, 12 or 14%, while under our regulations this limit is 14%. Dust with humidity content higher than 70%, i.e. ash content higher than
70% are considered as not dangerous in terms of
explosion. Grain size distribution influences the explosion properties of dust – air mixture, whereby
the share of particles below 75 i.e. 63 micrometers
is the most essential. Humidity of the surrounding
atmosphere has a double impact on explosive properties of dust. Under increased humidity, a cloud
of dust is created, while on the other hand humid
particles first have to get dry in order to become explosive, which requires large amounts of heat, as a
68

result the explosion process develops with higher
difficulty. Dust explosiveness level is determined
on the basis of the following: pressure level in the
explosion site; lower explosiveness limit, i.e. dust
content (g/m³) in air mixture in which explosion is
created; dust concentration (g/m³) under which the
highest pressure is created.
Coal dust samples are prepared for investigation either from the coal seam in the laboratory or
by sampling of the deposited dust in underground
mining premises.
Laboratory investigations of physical and
chemical properties are followed by explosion
progress examination with laboratory bombs, and
analysis of explosion capacity of dust – air and
dust – air – 2% CH4 mixtures.
Figures 1 and 2 show diagrams of dust explosiveness prepared from coal in the laboratory and naturally deposited dust in some Serbian coal mines [1].
Investigation results of coal dust explosive
properties in currently active coal underground
coal mines in Serbia are given in Table 1.

Figures 1 and 2 - Maximum explosion pressure
(Pmax) depending on dust concentration (g/m3)
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Table 1 – Explosive and flammable properties of coal dust
Lower explosiveness boundary (g/m3)

Mine-shaft

without CH4
220-470
270
270
220-320
100-275
320-380
300-420
140
445
80
110-300
-

with CH4
interna
70-100
180-280
230-310
230
-

Vrška Čuka –“Avramica”
Ibarski – “Jarando”
“Ušće”
“Tadenje”
Rembas- “Senjski rudnik”
“Pasuljanske livade”
“Strmosten”
“Jelovac”
Bogovina- “Istočno polje”
Soko-“Soko”
Jasenovac-“Jasenovac”
Lubnica-“Stara jama”
Štavalj-“Štavalj”

Combustion
temperature (°C)
630-700
260-290
75-240
280-290
270-280
600-670
285
220-250
220-280

Table 2 – Results of technical analysis of coal
Parameter

Unit Vrška
čuka

humidity
%
1.84
Ash
%
9.72
S-total
%
2.24
Coke
% 89.43
C-fixed
% 79.71
Volatile
%
9.08
substances
Combustible
% 88.78
substances
Upper
kJ/kg 31.32
calorific value
Lower
kJ/kg 30.71
calorific value
Bulk density t/m3 1.45

Mine-deposit
Ibarski rudnici
Rembas
Jarando Tadenje S.Rudnik P.Liv. Jelovac Strmos.
1.55
10.6
14.7
16.2 20.23 21.4
19.97
40.9
9.44
12.26 9.2
13.7
1.78
2.4
1.13
1.26 0.87
1.74
88.36 71.14
47.49 50.15 46.36
46
68.39
27.7
38.05 37.85 37.07 32.2

29.74
16.76
3.57
42.64
25.88

21.5
16.03
1.56
51.63
36.03

22.36
14.3
0.99
26.49

30.31
39.53
0.96
36.73
26.46

20.1

36.72

33.62 33.57

32.2

27.62 47.75

78.48

44.2

75.73

71.49 60.59

64.9

53.5 65.09 64.44 58.97 60.16

27.15

15.45

21.66

20.11 20.32

19.9

15.09 20.57 16.35 17.95 15.92

26.48

14.09

20.47

18.96 19.17

18.5

13.83 17.83 15.9

1.47

1.55

1.35

Currently, there are 8 active mines with 11 pits
in which mining of anthracite, hard coal, brown
coal and lignite is carried out. Natural – geological conditions determining mining conditions are
considered as complex. For this reason, tower and
tower – chamber excavation methods are applied
in all pits for coal seam mining. Development of
mining structures is done through the classical
system – drilling – blasting works. Transport of

1.4

1.4

1.45

1.4

1.4

33

25.54
15.58
1.97
41.55
33.33

10.09

Coal dust abstraction sources in active underground mines of Serbia
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BogoJase- Lu- ŠtaSoko
vina
novac bnica valj

1.35

33.94 30.57

15.63 14.19
1.31

1.28

excavated material is mechanized and it is executed via rubber belt conveyer systems. Thereby, coal
dust is practically created with this type of systems during: drilling of mine boreholes, blasting
and transport of excavated material, especially on
unloading points.
Results of technical analysis of run-of-mine
coal are shown in Table 2 [3] indicating a large
spectre of coal properties from which dust is created under applied technological processes.
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Summary of protection measures against
coal dust explosion
The system of measures used to prevent hazards caused by explosive properties of coal dust
basically comes down to the following:
–– Measures for prevention of creation and
depositing of larger amounts of coal dust in
mining premises,
–– Coal dust neutralisation measures and
disabling of coal dust ignition,
–– Measures restricting the activity of
explosion, if it occurs,
–– Regular controls of the dust level in mining
premises and determination of abstraction
intensity of the largest dust sources in the
course of technological process.
Prevention of dust creation is reduced to the application of coal seam and mine air humidification.
Coal seam humidification is performed by pressurised water injection and this method is especially
efficient for dust dispersion prevention during drilling and blasting works (Figure 3), as well as during
operation of cutting machinery. Water dispersion in
air (Figure 4) provides certain effects, but mainly
short-term, since dust dispersion increases through
its repeated drying. This is why this measure has
to be combined with the removal of deposited dust
by cleaning. Elimination of ignition source includes
safety equipment application, fire occurrence prevention, open flame introduction prohibition, proper welding procedures in mining premises and especially measures related to blasting in mines and
methane protection measures, having in mind that
coal dust stirs up during the explosion, thus becoming capable for explosion. Very efficient measure
of coal dust neutralisation consists in sprinkling of
inert stone dust in mining premises in which coal
dust is deposited, in places where water neutralisation does not provide effects.

Figure 4. Water curtain
Coal dust explosion expansion restriction, in
case of occurrence, is aimed at reduction of dimensions and effects of accident and collapse.
Explosion protection dams made of inert dust or
with water are used for this purpose. In the course
of installation of explosion protection dam it is essential to determine the place of its optimal impact. It is considered that the highest effects are
achieved if dams are placed between the spreading flame and the shock wave moving in front of
it. In such cases, inert dust cloud is lifted under
the impact of this wave, i.e. water jet, preventing
further expansion of flame and interrupting the
explosion. Different types of explosion protection
are applied in coal mines throughout the world,
while their structure is previously verified and
tested in the experimental trench. Figures 5 and
6 show an overview of explosion protection dams
with inert stone dust and water. Amount of stone
dust (water), dam type, bench type and necessary
distances between benches have to be determined
accurately, together with detailed consideration of
all elements and their harmonisation with the current norms and standards.

Figure 3. Water plug in blasting borehole
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Figure 5. Explosion protection dam with stone dust
Implementation of prescribed coal dust
explosion protection measures in Serbian
underground coal mines
As already stated above, coal dust in active underground coal mines in Serbia, apart from Vrska
Cuka mine, is explosively dangerous and flammable
under certain conditions. This fact makes it mandatory for mines to implement the prescribed coal dust
explosion protection measures systematically, as
well as to apply the so-called methane operation regime even in the case of non-methane mines.
Rules on Technical Norms for Underground
Coal Mining define the conditions under which
dust from the coal seam is considered as explosively hazardous, together with obligations related
to investigation of explosive properties of dust to
investigation of explosive properties of dust and
undertaking of protection measures against its
dangerous properties, essentially consisting from:
2010

Figure 6. Explosion protection dam with water
–– Mining areas and their environment have to
be humidified at the distance of 20 m from
the mine face, i.e. 30 m in the direction of
air current movement,
–– Water curtains have to be placed in the exit
part of excavation areas,
–– Removal of explosion hazards may be done
by sprinkling with dry stone dust of corresponding composition and grain size distribution,
–– Mining area should be humidified
constantly, and always before and after
blasting and in the course of coal mining
machinery operation,
–– Main and side explosion protection dams
with water or stone dust should be placed
to prevent explosion expansion on certain
mine locations.
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In order to eliminate risks from explosive
properties of coal dust, only a part of prescribed
measures are applied in underground structures
– coal mines in Serbia, primarily dust sprinkling
with water along certain transport and ventilation
routes, while previous and additional neutralisation during blasting on mining and preparation
areas is not performed. Installation of explosion
protection dams has not been done for a long time.
On the other hand, source elimination measures
and dust stir-up and ignition prevention measures
are intensively executed. Only humidification of
dust with water along mining premises is done in
all mines periodically based on visual assessment
of authorised persons from ventilation divisions.
Conclusion
Executed investigations have determined that
coal dust in underground coal mines demonstrated
under certain conditions explosive and flammable
properties, whereby, corresponding prescribed
measures have to be undertaken. These measures
include a series of procedures, such as abstraction
intensity reduction, neutralisation, stir-up prevention, elimination of ignition source and restriction
of possible ignition i.e. explosion impact. It is evident based on the previous practice that efficiency
of undertaken measures was on a very high level
and that they should be implemented systematically in combination with regular dust level measurement in mining premises.
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Abstract
This paper describes the methodological and organizational aspects of teaching on a project management course. A specific feature of the course is
its simultaneous offer to graduate students of both
electrical engineering and computing. We apply
an approach in teaching where students work in a
client-oriented project environment that is closely
related to their domain of study. The students are
grouped in project teams and encouraged to mutually explore and combine project management and
technical skills in the simulated project environment.
From the organizational point of view, this requires
that lecturers constantly monitor multiple domain
projects, consult student teams with different backgrounds and cooperate with experts from different
domains, including both the academia and industry.
Additionally, we explain procedures used to evaluate students’ knowledge and work effort. To illustrate
different types of student projects, we discuss some
of the project results. Using surveys as a research
method, we have conducted an extensive research of
student work on the projects and on different course
aspects. The total number of 348 students that had
participated in one of 46 projects has been involved
in the series of surveys presented in this paper.
Key words: Project management, Practical
skills, Education, Training.
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1. Introduction
Today, there are two international project management (PM) organizations that offer official programs for project management certification: Project Management Institute (PMI) and International
Project Management associations (IPMA). Without going into further details, these organizations
offer PM certificates of different levels that are intended for project managers with few years of real
project experience. Therefore, today’s graduate
students will have to work for a few years, after
finishing their studies, before they could apply for
these certification programmes. On the other side,
they will have to start working on real projects
from the moment of their employment. To bridge
this gap, we have decided to offer a course in PM
to our students. The purpose of this course is not
only to teach our students to efficiently manage
projects, but to work on real projects and therefore it is quite different from the mentioned PM
certifications programs. Most importantly, we see
this course not as an alternative for the official PM
certifications, but as the first step in PM education.
In the past few years, the need for teaching PM
at faculties has been recognized by the academia.
For example, the American National Academy of
Engineering Committee on Engineering Education has launched a two-phase project as a vision-

This work was carried out within the research project ”Content Delivery and Mobility of Users and Services in New
Generation Networks”, supported by the Ministry of Science, Education and Sports of the Republic of Croatia.
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casting initiative on engineering in the future and
educating engineers to meet the needs of the new
era [1]. The most important trends that are likely
to redefine the boundaries of engineering are identified in the project vision. One of these trends is
“the increasing number of engineers working in
non-traditional areas that require technological
competence and fluency in management, finance,
marketing, public policy, etc.”. Additionally, “If
our students are going to successfully function
as professional engineers in the international
corporate world of the 21st century, they must be
equipped to be global engineers who are technically versatile, able to solve problems from system-level perspective, effective communicators,
function in diverse ethnic teams and demonstrate
social responsibility” [2].
Over the past few years, a lot of effort has been
made by the academia to define an adequate curriculum for teaching PM skills such as project
initiation and planning, project integration, controlling and closing. Among the possible ways
of PM concepts integration to the university curriculum, the following two offer the best chance
of success: integration as an individual course
and integrated into other courses [3]. To avoid the
complicated changes in curriculums of all different study programmes offered at our Faculty, we
have chosen the former approach. The most important part of teaching PM is to teach students
to mutually develop technical and soft skills. The
soft skills include people management, work ethic
promotion, ability to finish work on time and relate adequately with customers and colleagues. It
is crucial that students experience the difficulties
and benefits of working in a team environment.
The student teams transform students’ collective
thinking: they learn to mobilize their energies and
actions to achieve common goals, which then result in skills and abilities greater than the sum of
their individual talents [2].
PM courses should emphasize teamwork, interpersonal communication, responsibility and preparation of professional documents. Additionally, a
teaching method that involves students in clientcentred projects with real clients is strongly recommended [4]. Evaluations of some project-based
courses employing this method indicate that students
strongly feel that this method is excellent for learn74

ing, and they also believe that such projects provide
a realistic environment, where the principles of engineering, management, science and mathematics
can be applied to solve practical problems [2].
Concepts and processes of PM are already well
known and thus can be taught in a straightforward
way. However, the difficulty lies in teaching students tools and techniques effective in practice. On
the other side, it is simple for students to realize the
importance of establishing project objectives which
are specific, measurable, and agreed upon by all major stakeholders. Furthermore, it is very important to
teach students the nature of difficulties in applying
of these concepts and processes in practice [5].
Studies have shown that the academia must design curriculum that addresses both the theoretical
as well practical aspects of managing projects [6].
The PMI’s guide to the Project Management Body
of Knowledge [7], known as the PMBOK, is the
leading publication that benchmarks PM practices.
Although the PMBOK (and related PMI certification) is respected in industry, it is over-extensive
to be completely covered by a university curriculum centred on technical skills. Nonetheless, it is
an excellent basis for PM educators.
While designing our course we had the following goals: 1) to educate students in the formal
definition, teamwork and common life cycle of
projects, 2) to teach them the prerequisites for successful PM, with an emphasis on project domains
[8], business environments [9] and communications aspects [10], and 3) to teach them to use a
theoretical basis and practical skills in teamwork.
This will prepare them to successfully carry out
different roles in industry projects [11]. Following
these goals, we have organized student projects in
the way which allows them to plan, monitor and
work on the activities, while producing high quality project outcomes.
The paper is organized as follows. Section II
describes the PM course and its specifics regarding similar courses. Section III analyzes finished
student projects and briefly describes several of
them. Section IV presents some of the most frequent problems experienced by the students, the
common ways to solve these problems, as well as
the students’ perception of knowledge and experience gained in the project. In the final section we
conclude the paper by summarizing our work.
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2. Project Management Course Description
Due to a broad applicability of project-based
work and development in all fields of electrical engineering and computing, the course is offered to
fourth year students enrolled in all graduate study
programmes at our Faculty. During the period of
three years, the total number of 348 students that
participated in 46 projects has been involved in a
series of surveys presented here. Figure 1 gives an
overview of students’ reflections on the course.
During introductory year, significant efforts
were made to establish a laboratory environment
for practical student exercises with PM tools. In
the next years, the emphasis was on taking advantage of high-quality student projects to improve the
course itself, e.g. implementing of e-Exam application for online testing and grading the students [11].
Since the course is offered to students with different study programmes (Figure 1e) it is taught in a
manner that allows the students to improve their organizational and communication skills. The course
emphasizes teamwork, project role responsibilities,
interpersonal communication, and writing technical
documents. The specifics of our course, in comparison to other PM courses, are as follows:

1. Project types. At the beginning of a semester,
each student has either to propose his/her
own project or to choose among offered
projects. Students are strongly encouraged
to search for technical projects outside of the
classroom, possibly related to their research
area of interest. In this way, key project
stakeholders and/or customers become
people from the industry or faculty staff from
different departments of the Faculty. This
allows each project team to fully experience
the complexity of working with customers
and end-users in real-world situations.
2. Project exchange and staffing. As
suggested in [12], students first submit
their project proposals and team size to
the lecturers by e-mail. Approved projects
are announced to other students with a
Web application particularly developed
for this purpose. Other students interested
in an approved project can join using the
application. An alternative approach is that
a student proposes a project topic and all or
some team members.
3. Team structure diversity. As stated before,
project teams are composed of students from
different graduate study programmes at the
Faculty. Figure 1f shows different student
motivations for taking this course. Team

Figure 1. Results of the student survey about the PM course
2010
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structure diversity contributes to better
knowledge and skill transfer, and potentially
increases team synergy. On the other side,
more time is required for students to get
acquainted and to identify team roles.
4. Team building. Students themselves
establish team dynamics and self-assign
the roles within a team of maximum 10
members. Team building exercises were
performed during lectures to improve
communication within teams. As Figure 1c
shows, these exercises are well accepted
and supported by the students.
5. Lecturers’ role. During the course, lecturers
act as project supervisors without interfering
in the selection of team leaders (as opposed
to [13]) and task assignment. In this way
lecturers are involved in each teams work,
informed about problems appeared and
engaged in finding their solutions. In projects
where lecturers lack technical knowledge
additional consultants among other teachers
or external stakeholders (domain experts)
provide technical assistance.
6. Teaching the use of software tools for
PM. Teams are required to plan and track
task progress by using a professional PM
tool. A short course about the tool is given
only to team representatives, and not to all
students. These representatives are further
responsible to teach other team members.
Student surveys show that this way of
learning is quite successful since 75% of the
students used the tool (Figure 1d).
7. IT supported communication. The largest
part of team communication involves sharing
and updating documents. Each team store
technical documents at a central repository
to make them easily accessible for updates,
modifications or reviews. The students have
an alternative to use public applications (e.g.
Google Groups, Groove tool, etc.) instead of
the professional PM tool.
8. Various types of team meetings. Regular
meetings are conducted with lecturers
and team leaders, discussing common or
specific project problems. These problems
76

are mostly related to scope and effort creep
or non-compliant team members. Each team
is required to meet at least once per week
to discuss additional issues. Teams have to
submit minutes of meeting to the lecturers
at the end of the project.
9. Scheduling project documentation. At
defined time points during the semester, teams
received project documentation templates to
fill out. There are two reasons for this: one
is to recognize the phase when writing a
particular project document is relevant, and
the other is to allow each project team to fully
experience the complexity of working with
real time constraints and deadlines.
10. Involving students in soft skill researches.
During the course, students interested in soft
skill research topics (e.g. leadership, conflict
management and negotiation) give short
exercises under the lecturers’ supervision
to other students. This helps each student to
become more effective in his/her role.
11. Project outcome assessment. All projects
have the same predefined duration of 7
weeks. Project results are summarized
in both written and oral reports. Teams
present their results and project work to
the entire class allowing others to learn
from their experience. Domain experts
from the industry or academia take parts in
the evaluation of project outcomes, while
course lecturers assess the quality of project
documentation and other PM aspects.
12. Student self assessment. Each student is
required to self-assess his/her work effort by
a percentage which is then used to calculate
personal project grade from his/her team
grade assigned by project assessors.
According to [2], this gives students a sense
of empowerment in the assessment process
and encourages accountability of each
individual student to his/her team.
13. Continuous course assessment. As stated
above the lecturers have regularly conducted
student surveys. The results of these surveys
(see Figures 1, 4 and 5) are used for gradual
course improvement.
2010

technics technologies education management

a) Lectures
The first part of the lectures covers the fundamental theory regarding project definition, PM discipline, the characteristics and examples of successful projects and project failures. The students learn
about the project life-cycle and planning techniques,
the role of a project manager and the profession itself. The second part of the lectures covers negotiation, communication and conflict management, PM
tools, and project documentation. Results of the student survey show a satisfying ratio between theory
and practice as shown in the Figure 1a.
The remaining lectures are composed of invited talks of recognized PM professionals from
different segments of industry, as advised in [14].
The Invited speakers are mostly from recognized
IT/ICT companies (IBM, Ericsson, Siemens, Microsoft), and civil construction companies [11]. In
the surveys students expressed their satisfaction
with this type of lectures (Figure 1b).
b) Projects
The most important practical part of this course
is work in projects. Project work also involves the
following documentation: project proposal, project plan, revised project plan and project closure
documents. The documentation has to follow predefined templates set by lecturers. Students should
plan their activities, make work breakdown structures (WBS), design Gantt diagrams, determine
project milestones and identify and manage project
risks. All team members should take part in planning future tasks, while the leader is responsible
for controlling and coordinating all these activities.
Students are encouraged to work iteratively and
to monitor project progress through apprehensible
validation of determined project milestones [11].
c) Software Tools for Project Management
Using software tools for PM has many benefits,
such as:
–– Easier understanding and more effective
management of project schedules,
–– Increased team productivity,
2010

–– More effective communication between
members and
–– Easier tracking of various project related
information.
This knowledge will give our students a starting advantage in their professional careers compared to their competitors [15]. Among the tools
available on the market we have decided to use
Microsoft Project mainly because of its smooth
integration with other Microsoft Office programs.
Additionally, a server version of Microsoft Project
allowed students to access their work from different computers, laboratories, and even their homes,
see Figure 2 below.

Figure 2. The configuration of the project management tool
Instead of the time spent in the laboratory, we
controlled the output of student’s work. The tool
was mainly used for the following set of activities:
–– Creating a new project and defining the
associated tasks,
–– Allocating resources and assigning them to
the tasks,
–– Storing necessary documentation to a
repository, and
–– Communicating about the project’s progress.
d) Grading and Assessment
We considered it necessary to allocate a portion
of the grading weight to examinations. We felt that
this encouraged the students to keep pace with the
course lectures [16]. We found the following system to be quite successful in grade assignment:
–– Team Project Grade 50%,
–– Examinations 40%,
–– Regular class attendance, active participation
in different exercises 10%.
–– Student surveys shows that students are
satisfied with the scoring system (Figure 1g)
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3. Analysis of Student Projects
The three main types of student projects are:
software development projects, software/hardware implementation projects, and research study
projects. Figure 3 shows the distribution of project
types for the three year period.

Figure 3 – The distribution of student project
types
There was a noticeable growth in the areas of
development and implementation, and the number
of research studies stagnated. This was expected
since students from all study programs are increasingly aware of the applicability of ICT technologies to their program.

In Figures 4 and 5 we see that initial knowledge
of team members and leaders were similarly estimated by leaders and members. As expected, the
leaders had better initial knowledge about project
thematic. Most of the team groups were formed
on the basis of members’ previous acquaintance.
Surprisingly, openness of leaders for suggestions
was better graded by the members than the leaders
themselves.
The scope of problems was almost equally
observed by the leaders and members. As expected, most of the leaders worked harder than the
members. Surprisingly, around 30% of the members think that they would have been better team
leaders. As we see, around 90% of the students
expressed learning a new skill while working on
projects. From the last two diagrams, we see that
the members had more than enough time to work
on projects.
For the purpose of this paper, we have selected
and briefly described one project of each type, in
order to illustrate the kind of challenges and problems students run into, and how they resolved
them.

Figure 4. The first part of the post-project survey
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Figure 5. The second part of the post-project survey
a) Lawful Interception Study
The goal of this research project was to learn
the concepts of lawful interception (LI) in telecommunications, the standardization aspects and
their implementation status into different network
environments, such as IP networks and GSM networks. The student team had 9 members divided
into 4 sub-teams. Their research covered detailed
logical and physical architectures with security
and privacy requirements analysis for each architecture, as well as commercial devices and technical solutions available on the market. The study
final results were made public for the education
and research community.
b) Actuating Voltage Transition
The goal of this implementation project was to
make a feasibility analysis for transition of actuating voltage from 10 kV to 20 kV in a medium
voltage distribution network. Because of the rising demand for electrical energy, the power lines
and cables working on actuating voltage of 10 kV
are often current-overloaded. This results in raised
voltage sag and energy losses, which can be reduced by actuating voltage to 20 kV. The project
was conducted by 10 electrical power engineering
students. The case study was a primary distribution network in north-western Croatia, which is
2010

a part of the national power system that provides
electrical energy for transformer-end substations
and direct consumers.
c) Library Web Application
The goal of this software development project
was to create a Web application for management
of books, magazines and other scientific literature.
The application allowed users to search for books,
proceedings and magazines, and administrator
to add and edit entries and user information. The
team of 7 students has worked on this project. The
activities consisted of software analysis, design,
implementation, testing and documentation.
4. Analysis of encountered Problems and
Gained Knowledge
All final reports should clearly state problems
faced by the teams, applied problem solutions, and
skills and knowledge gained. Some of the encountered problems are similar to real-life problems,
which is particularly valuable for students’ future
career. The most common problems and their solutions are grouped as either external or internal
problems, and are given in the Table 1. It is important to mention that we successfully solved all
reported problems.
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Table 1 - Most common reported problems and their solutions
External problems

Internal problems

Non-cooperativeness of the external stakeholders
– solved by establishing active contacts between
external stakeholders and lecturers.

Lack of teamwork experience – solved by using
clear guidelines for effective communication
within teams.

Inadequate technical materials and literature for
research topics – solved by contacting eminent
technical experts from the industry.

Poor work synchronization – solved by constant
communication between team members. Problem
is partly related to students’ obligations on other
courses that which more refined project planning.

Overly ambitious external stakeholder expectations
–solved by involving lecturers in project planning and
scoping.
Unequal level of knowledge in team – solved inside
the team by sharing of knowledge.

In the final reports the majority of students
highlighted the following knowledge and skills
as gained during the course: a) knowledge on particular technical topics and PM theory basics, b)
knowledge about project documentation, c) experience on working in teams on real client-based
project with limited time and resources, and d)
knowledge about professional PM software tools.
This feedback strongly confirms that the goals of
our PM course (mentioned in Section I) were fully
achieved. Also, students successfully adjusted to
the work in teams and to the specific project conditions. They had the opportunity to realize their
own capabilities and techniques for self-motivation and motivation of other team members. A
very important finding is that a high level of freedom in performing project tasks given to highly
motivated team members increases their creativity, but at the same time consumes more time and
causes additional inter-team conflicts.
5. Conclusion
In this paper, we present the syllabus of a PM
graduate course according to the four building
blocks of project management [17] – people, process, tools and measurements. The main motivation for adding this course to the Faculty curriculum was to teach our graduate students the basics
of PM methods in theory and practice so they will
be better prepared to work efficiently on projects
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Too ambitious team leaders – also solved by
involving lecturers in the project planning and
scoping.
Team structure diversity – solved by assigning
roles according to recognized capabilities and
personalities of team members.

in their future careers. The main challenge for the
lecturers was to organize a PM course that is intended for students of different study programmes.
We demanded that students follow the syllabus
and accomplish projects according to defined processes, using appropriate PM tools, which allowed
us to evaluate and grade their work and results.
An additional challenge was to assign near-equal
difficulty projects to teams from different study
programs.
During several years we performed an extensive research about different course aspects: its
adequacy regarding PM practice in industry, the
most common problems students run into while
working on projects, and knowledge and experience students gained on the course. This research
was based on student surveys, reports and the participation of lecturers in different project aspects.
The research showed that over 90% of the students
learned at least one new skill while working on
their project (Figure 4e and 4f). At the same time
they were very satisfied with the ratio of theory
and practice on the course (Figure 1a). Interestingly, the results of some student projects were applied to improve the course itself. Organizing and
conducting a PM course in the way we suggested
and described in this paper is time and effort consuming for lecturers, but students greatly appreciated the increased involvement (Figure 1h).
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Abstract
Region of Niška Banja (Nis Spa, Serbia), lying
on the border of the oldest massif of the Balcan
Peninsula, Rodopska massif, being surrounded by
mountains like Selicevica Mount, is distinguished
for its large number of mineral and thermomineral
springs which represent a natural geologic rarity.
Back from 1909 this region has been known for its
radioactivity. This paper shows the results of investigation of radon activity concentration in air of the
recreational – touristic resourt Niska Banja area.
Measured were concentrations of outdoor radon
at locations of capturing thermomineral water, as
well as at locations where used water is discharged
from the pool of the Radon hotel. At those spots
there were registered concentrations of outdoor
radon over 500 Bq/m3. The measured concentrations of indoor radon in air of the Radon hotel pool
were in the range of 0,980 – 1,908 kBq/m3, and
were directly dependant on radon exhalation from
thermomineral waters which are used in this hotel
belonging to the therapeutic – recreational center
of Niška Banja. The measurings were conducted
with Alpha Guard PQ 2000 (Genitron instruments – Frankfurt). Simultaneously with measuring of radon activity concentration, gamma dose
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rates were also measured. The averaged value of
gamma radiation dose rates in air at most locations
was in the interval of 81 nSv/h - 215 nSv/h. The
highest gamma radiation dose rates in air were
measured in the pool of the Radon hotel and in
air where capturing of this thermomineral water is
made. Characteristic of this measurement point is
that all doses in air reached value up to 382 nSv/h.
The gamma dose rates in air were measured with
ADL GammaTRACER (Genitron instruments –
Frankfurt).
Key words: radon activity concentration, air,
Niska Banja
Sažetak
Region Niške Banje (Srbija), koji leži na
granici najstarijeg masiva Balkanskog poluostrvo,
Rodopskog masiva, okružen planinama kao što je
Seličevica, odlikuje se po velikom broju mineralnih i termomineralnih izvora, koji predstavljaju
prirodnu geološku retkost. Ovaj region je još od
1909. godine poznat po radioaktivnosti. U ovom
radu prikazani su rezultati istaživanja koncentracije aktivnosti radona u vazduhu područja rekreaciono - turističkog centra Niška Banja. Merene
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su koncentracije spoljašnjeg radona na lokacijama gde se vrši kaptiranje termomineralne vode,
kao i na lokacijama gde se vrši ispuštanje upotrebljene vode bazena hotela Radon. Na tim mestima
registrovane su koncentracije spoljašnjeg radona
i preko 500 Bq/m3. Izmerene koncentracije aktivnosti unutrašnjeg radona u vazduhu bazena hotela Radon nalazile su se u opsegu od 0,980 – 1,908
kBq/m3, i u direktnoj su zavisnosti od ekshalacije
radona iz termomineralnih voda koje se koriste u
ovom hotelu lečilišno-rekreacionog centra Niška
Banja. Merenja koncentracije aktivnosti radona
vršena su pomoću Alpha Guard PQ 2000 (Genitron instruments – Frankfurt). Uporedo sa merenjem koncentracije aktivnosti radona, vršena su merenja jačine doze gama zračenja. Izmerene vrednosti jačine doza gama zračenja nalaze se u dobroj
korelaciji sa izmerenim nivoima radona. Najveće
doze gama zračenja u vazduhu izmerene su u bazenu hotela Radon i vazduhu gde se vrši kaptiranje ove termomineralne vode. Najveće doze gama
zračenja u vazduhu izmerene su u bazenu hotela
Radon i vazduhu gde se vrši kaptiranje ove termomineralne vode. Karakteristika ove merne tačke je
da su sve doze u vazduhu dostizale vrednosti do
382 nSv/h. Jačina gama doze u vazduhu merena
je pomoću ADL GammaTRACER-a (Genitron instruments – Frankfurt).
Ključne reči: koncentracija aktivnosti radona,
vazduh, Niška Banja
1. Introduction
Niska Banja resort is situated on the border of
the oldest massif of the Balkan Peninsula, Rodopska massif, where from the surrounding mountains
there belong Silicevica Mount and some younger
parts of mountains, one of them being Suva Planina with its branch Koritnik lying above Niska
Banja. It is the area of a very complex geological
structure. Underneath Koritnik, there are located
very popular thermo-mineral springs ‘’Glavno
vrelo’’ and ‘’Suva Banja’’. In composition of the
‘’Niska Banja’’ system there are found five thermal springs and more cold springs which are located in the foothills of the Koritnik. At the opposite edge of the Koritnik basin there are another
two mineral springs: “Banjica” in the village of
2010

Gornji Matejevac and thermal spring “Pasjaca” in
Pasjaca village. Acumulation of “Glavno Vrelo”
spring water, was for the first time made likely by
the Romans in the IV century or earlier. Koritnik
fault, or more precisely two parallel faults on the
west side of Koritnik, which squeeze titanic limestone areas in between, are cause of bringing cold
groundwaters from the limestone part of the Suva
planina massif into the area of the Niska Banja
resort [1]. It is assumed that thermal water from
the springs in Niska Banja originates from mixing usual atmospheric water, which comes from
the springs of Suva planina and Koritnik, and deep
warm water.
Niska Banja is an area of unimpaired environment. Due to its geological base and soil (pedalogical) cover, its distribution and complexity of
relief, as well as due to a number of its mineral and
thermo-mineral springs that represent natural geological rarity, Niska Banja has developed to a wellknown recreation-touristic center. This center has
become a therapeutic necessity for thousands of
people, generously offering its energy from within
earth’s insides to all those who need it. The institute of “Niska Banja“ for prevention, treatment
and rehabilitation of rheumatic and heart diseases,
in Niska Banja, uses mud in peloidotherapy, that is
made by mixing ground soil powder from terraces
of Koritnik and spa water from the Main spring.
“Bigar” or travertine originated from depositing calcioum carbonate from water where it was
dissolved as bocarbonate. Likewise, in therapy
and prevention there is used thermal water, that
was capped near touristic-recreation center, from
where it is distributed through system of pipes to
the recreative-therapeutic center.
The area of Niska Banja was known for its
radioactivity back in 1909 [2]. That in the first
place referes to the thermal-karstic spring known
as “Glavni izvor” (Main Spring). An important
role in the complete irradiation of the population,
among others, has the content of radionuclides in
drinking water, but also in water used for other
purposes. In this case it primarily refers to the water in swimming pools, as well as in bathtubs and
bathrooms for inhalation, at the recreative-health
center. Radiation dose on human organism due
to radionuclides ingested with drnking water depends on their amount in water, their metabolism
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and kinetics in a body. Considering water that is
used for bathing and therapy, the largest contribution to a dose comes from inhalation of radon. In
the first place the contribution to the total activity originating from natural radionuclides comes
from the members
of
radioactive
series of long238
235
232
lived 40isotopes U, U and Th, as well226as isotope K. Due to its solubility in water, Ra is
the most frequent source of internal contamination from drinking water, particularly if the water comes from big depth and
contains larger than
226
average concentrations of Ra. It is often making exchanged with calcium due to their chemical
similarity214and follows
it in the surrounding. Gam214
ma rays Bi and Pb are far largest component
and the largest energetic of uranium series. These
two radionuclides
emit almost all γ − rays in the
238
series of U. Likewise, around 45 % of α - radiation of uranium-radium series comes from this
group of radionuclides.
The major contribution to human exposure to
natural radiation comes from Radon. Radon is a
natural inert radioactive tasteless and odourless
gas. Its three radio-isotopes 222Rn, 220Rn and 219Rn,
with the half-life times of 3.825 days, 55,6 s and
3,96 s, respectively, are the middle members of
natural radioactive series. The isotope 219Rn is insignificant for its small amount of 235U, while the
isotope 220Rn is less important for its short half-life
time. For the longest half-life time and its isotope
abundance, the radon isotope 222Rn has the major
importance among natural radon isotopes. In its
chain of disintegration, the gaseous radon 222Rn
is being transformed into a stable 206Pb, through
short-lived decay products, thereby emitting 5 alpha particles with an energy up to 7,7MeV, beta
radiation energy up to 2,8 MeV and photons of
gamma radiation of an energy up to 2,4 MeV [3].
2. Materials and methods
Measurings of gamma radiation dose rate in air
were done by means of autonomous probe of ADL
Gamma TRACER system for measuring gamma
radiation levels [4]. This system registers gamma
radiation dose continuously or in chosen time intervals. The complete electronics and power supply are placed in an airtight cabinet. Technology
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of the chip for energy supply is free of any further
maintenance and it allows non-stop operation of
Gamma Tracer for at least three years with only
one charging. Through an infrared port, the registered values can be dispositioned at any moment.
At all measuring locations the measuring system was set 1m above ground surface when the
measurements were performed outdoors. Likewise, the probe was placed on distance of 1m from
walls and base, when the measurements were performed indoors. The measurements of gamma
radiation dose rates in air were performed on ten
locations. The measurement locations were carefully selected, in order to obtain right information
through the survey. Time interval of the measurement was 8h in average at each measuring place.
At some locations where the weather conditions
permanently changed during the measurement
(intensive winds), the measuring was performed
over 24h. In the same way, the measurements in
the closed pools of the Radon Hotel, were done
over 24h and repeated more times.
In the closed pool of the Radon Hotel and in the
whole space of this structure which uses thermomineral water, there have been started measurements of radon concentracion in air and water.
Given in this work are also the results for the concentration of radon activity in air of this structure.
The measurements were performed by means of
Alpha GUARD PQ 2000 Multiparameter Radon Monitor system, the devices which work on
the basis of ionization principle [5]. That is impulsive ionizing
chamber, with active volume of
3
0,56 dm , for the purpose of alpha spectometry
with digital processing of signals. Large filter
made of glass fibres allow diffusion of radon gas
into the chamber, while decay products are hold
up in the filter. Measuring range of this system for6
concentracion
of radon activity is from 2 – 2 . 10
3
Bq/m
, while the temperature range is from –10 to
o
50 C. This system, beside radon, simultaneously
measures air temperature, atmospheric pressure
and relative air humidity, that is, those meteorological parameters which deeply correlate with
distribution of radon.
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3. Results and discussion
In Table I there are shown values of gamma radiation dose rates in air at ten measuring points in
Niska Banja, as well as the value of dose rate in air
at some locations in the city of Nis. In order to perform measurements at all measuring locations under the same conditions, they were performed in
equal time intervals and at the same time of day or
night. It was observed that the largest variations of
gamma radiation dose rate in air of the measuring
points outdoors (Central park – measuring point
No.1, then at the measuring point No.9 - Hole NB1, as well as at the measuring points nr. 7 and No.
8 – School faucet I and School faucet II, respectively. Variations of gamma radiation dose rates in
the closed pool of the Radon Hotel were minimal,
when they were measured under conditions without air ventilation, which was not the case when
air was changed by ventilation.
Table 1. Values of gamma radiation dose rates in
air of the measuring locations
Gamma radiation dose
rate in air [nSv/h]
No.
Location
Average
min max
value
1 Central park
111
62
153
2 Hotel Radon – pool
213
133 382
3 “Glavni izvor”
170
105 225
4 “Suva Banja”
185
96
352
5 “Malo grlo”
215
97
272
6 Main bathroom
151
85
198
7 School faucet I
156
79
198
8 School faucet II
147
55
188
9 Hole NB-1
135
58
186
10 Hotel Ozren
121
52
191
11 City of Nis-Čair
81
49
148
12 City of Nis- airport
98
35
145

The first measurements of gamma radiation
dose rates in air were performed in the Central
park – the measuring point nr.1. That is the central
place of the touristic-recreative complex of Niska
Banja, a favorite meeting place for tourists and
patients. The measurements were repeated more
times in various time periods, but the values of
dose rates varied insignificantly and were within
interval of 72 – 153 nSv/h. The measurements at
2010

this location were done during stable atmospheric conditions, while great droughts happened in
broader area of this part of the Balkan. With special interest there were performed measurements
in space of the Radon Hotel’s pool – the measuring point No.2. The measurements were here performed repeatedly also, in various time intervals,
and also continuously over 24 h. At this location
the measured gamma radiation dose rates were in
range of 133 – 382 nSv/h. With optimal operation
of the pool, when there was no intensive ventilation, the highest doses were measured, while with
having intensive ventilation those levels were decreased. It was not hard to conclude that the levels
of gamma radiation are in correlation with the water being used in the pool.
Gamma radiation dose rates in air at the measuring point No.4 – Suva Banja and the measuring point No. 6 – the main bathroom, were in the
range of 96 – 298 nSv/h and 85 – 272 nSv/h respectively, and very close to the values mesured
in air of the Radon Hotel. This fact points to an
underground connection of waters coming from
those springs. Water temperature 0in Suva Banja
during the measurement was 39,1 C, while water
0
temperature in the Main bathroom was 40,1 C.
The measuring point No. 7 – School faucet I is of
special interest, as well as the measuring point nr.
8 – School faucet II, which are aboundant springs
of relatively
cold water, the temperature of which
0
was 22 C during the measurement. From the table
I it can be seen that the mean values of dose rates
at those measuring points, which are in the range
of 55 – 188 nSv/h, appreciably differed from those
of the measuring points with thermal water. This
points out to a possibility of different genesis of
those spring waters.
The measurement point No. 5 – “Malo grlo” is
the location of the main capped spring, from where
the water is – through a system of distributor pipes
– distributed into the complex of touristic-recreative center of Niska Banja. Measurements were
performed near the canal for draining the excess
thermomineral water from the capping, as well as
in the very tunnel of this capped spring. In that
tunnel there were registered the largest mean values of gamma radiation dose rate, 215 nSv/h, related to other measuring points. With not a small
probability, it can be concluded that thermomin85
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eral water is cause of somewhat increased levels
of gamma radiation in the area of Niska Banja.
This, in the first place, refers to the contribution
to
222
activity that comes 226
from radon gas Rn, a direct
progeny of radium Ra. The reasons for that are
radon’s solubility in water, then its penetration in
small pores of various rocks and soils, their rinsing and dissolution. In that way the radioactive
materials that are contained in various rocks and
soils come to the ground surface. So, solubility of
radon in underground waters has large influence
on transportation of radon from the underground
to the ground surface, and by that it has substantial
influence on the levels of natural phone, as it was
shown in these surveys. The comparative places
for the survey were two locations in the city of
Nis: Cair – measuring point No. 11, where values of gamma radiation doses were in the interval
from 49 – 148 nSv/h, and the measuring point No.
12 – Airport, where the values of gamma radiation
doses were in range from 35 – 145 nSv/h. These
two locations are situated on opposite parts of the
city of Nis.
The measurement of the concentration of radon activity in air started in the pool of the Radon
Hotel. The measuring system, Alpha GUARD PQ
2000, was placed at 1m distance from the pool’s
base. During these preliminary measurements, the
pool was filled with usual amount of thermomineral water and it worked according to the anticipated schedule. The measuring system permanently
worked at 10 - minute mesuring cycle. In that way
there were obtained output 10-minute values of the
concentration of radon activity, which was of very
essential importance for prospection of radon. The
measured values of radon concentration in air of
the3 pool were in the range of 0,980 – 1,446 kBq/
m . These values refer to the measurements that
were made during operational duty of the pool, ie.
while it was filled with water and when there was
no intensive exchange of air over the pool. It was
observed that under those conditions there were
no large variations of radon concentration neither
usual characteristic peaks in radon concentration.
In Figure 1 shown are the values of radon concentration in air over the pool of the Radon Hotel,
which were obtained during full exploitation of
the pool.
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Figure 1. Concentration of radon in air [ kBq/m ]
in the Radon Hotel’s pool
Water in the pool was changed according to a
fixed schedule each night, when intensive ventilation of the pool was also done. In that time interval the mean concentrations of radon were signifi3
cantly lower and amounted to around 230 Bq/m ,
which is apparent evidence that increased levels
of radon come due to increased exhalation of radon from thermomineral water which is used in
the pool.
The concentration of radon was measured at
various places and levels of the eleven-storied Radon Hotel. Distribution of radon at the investigated
places was in direct correlation with the ability of
incoming flow of the exhaled radon from thermomineral water. Since that thermomineral water is
in the system of water supply of the whole Radon
Hotel, then it can be concluded that in the hotel’s
toilets, as well as in the rooms that are not ventilated, there occures the largest accumulation of
radon. This conclusion was also confirmed by our
surveys. At the most of the investigated places the
average values of radon concentration
were in the
3
interval of 150 –580 Bq/m . The measuring points,
such as hotel lobby, spacious halls, where the air
is replaced permanently, were characterized
by ra3
don concentrations of 82 - 190 Bq/m . It has been
shown that the distribution of radon inside the Radon Hotel does not depend on the height, because
as it was stressed earlier, the contribution to radon
concentration comes primarily from exhalation of
the radon gas from thermomineral water. In bedrooms of the hotel that contribution comes from
internal toilets where that water is used. During replacement of thermomineral water from the pool,
which was used over the day, there was made a
measurement of radon concentration at the terrace
level of the eleven-storied Radon Hotel, which
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is placed above the place for draining that water.
Then there occures huge evaporation, any by it
also an intensive exhalation of radon, because that
water falls down the almost vertical stairs. In that
period there were registered concentrations
of out3
door radon even up to 320 Bq/m .
Figure 2 shows the position of the Radon Hotel’s terrace, on which was measured the outdoor
radon concentration, and that is placed directly
above the place of draining thermomineral water
down the steep concrete stairs.

gamma radiation dose rates are in good correlation
with the measured radon levels. The highest radon
concentration was mesured in the pool of the Radon Hotel, and it has been shown that it directly
depends on exhalation of radon from thermomineral waters that are used in recreative-therapeutic
center Niska Banja. It is obvious that the thermomineral water of Niska Banja somewhere comes
to direct contact with mineral particles containing
radium. The occurring radon can be put in water
by the recoil effect and through underground running water it can be transported to long distances.
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Figure 2. The place of draining thermomineral
water, which is placed directly under the terrace
whereat the measurement of outdoor radon was
carried out.
4. Conclusions
The obtained results from these researches
point to the increased levels of gamma radiation
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certainty it can be concluded that the increase of
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Abstract
An ever increasing number of standards concerning the management systems has resulted in an
increasing demand for effective methods of their
integration, as well as for sustaining their effectiveness in an intensively changing environment. Our
aim in this paper is to explain the role of the product
and process design and development (D&D) process in the integrated management systems (IMS)
implementation process and to define the characteristic types of links between the design and development process and the requirements of the ISO
9001, ISO 14001 and OHSAS 18001 standards We
suggest that the design and development process
should be not only a solid basis for the integration
of various standards, but also the key process for
the design, implementation and improvement of an
effective integrated management system.
Key words: integrated management system,
design and development process
Introduction
The standards of the ISO 9000 family have resulted into a significant worldwide phenomenon,
given a quite impressive popularity of documented
quality management systems and quality practice
88

in so many countries and different kinds of organizations. Some conceptual and empirical studies
support the thesis that the quality practice and innovation are rarely supportive to each other (Zairi,
1994; Thompson, 1993; Cole, 2003; Prajogo et
al., 2006). Quality is being seen as a conformance
issue whereas innovation as an R&D imperative
(Thompson, 1993). Zairi (1994) suggested that
most companies found it extremely difficult to apply the TQM concepts and techniques in the area
of innovation. Prajogo et al., (2006) reported the
ineffectiveness of quality control techniques in
the innovation process. On the other side, some
researchers provide evidence that the quality practices in firms are a forerunner to the accumulation
of development or innovation capability and, consequently, that innovative practices and routines
are associated with the know-how deriving from
quality management (Perdomo-Ortiz et al., 2006).
Nevertheless, it is important to acknowledge that
a majority of the researchers, in general, discus
the quality practice based on routine and development and the innovation practice based on creativeness. Generally, the quality practice is seen
as having a “variation-decreasing and efficiencyoriented” focus, while innovation is a “variation
creation” activity in organizations (Banner et al.,
2003). Quality programs are aimed at stabilizing
organizational routines and processes (Banner at
2010
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al., 2003) as the basis for quality improvement
and development process (Evans et al., 1999).
Cole (2003) offered an explanation of a “repeatable predictable patterning of social behavior” and
pointed that: “repeatable reliable behavior produces sustainable quality improvement but it can be a
liability if you are striving for innovation. Quality improvement is often about reducing deviation
from an agreed upon target… But innovation is
often about changing the target”.
Furthermore, demands for establishment “routine” in organizational activities such as documented management systems are omnipresent, not only
in the area of quality management, but in the area of
environmental management, safety management,
corporate social responsibility and other areas.
New requirements related to the standards of the
ISO 9000, ISO 14000, OHSAS 18000, ISO 22000
and other series are being developed on an international level. The pressures upon organizations to
meet multiple, different and even more inconsistent, requirements have escalated. To be successful, organizations need to fulfill requirements of not
only direct customers of their products (Reeves et
al., 1994; Crosby, 1979; Juran et al., 1988; Miller,
1993). Organizations also have to include interests
of other groups and individuals who are either affected by the organization or affect its operations
themselves (Barry, 2000; WHO, 1997; Menna,
2001; Kochan et al., 2000; Jacobs, 2003; Turnbull,
2002; Ramírez, 2007; Ledgard et al., 2002). Freeman (Freeman, 1984) defines these groups and individuals as organization stakeholders. Within its operations the organization has to harmonize different
needs of its stakeholders and take into account any
internal and external factors that may influence its
activities, in order to fulfill the basic purpose of its
existence. The traditional approach to exclusively
fulfilling product customer’ requirements, is still a
precondition, but is not a guarantee of a sustainable
long-term development of an organization.
Integrated management system (IMS)
The implementation and certification of management systems have become a widespread phenomenon in many countries around the world.
Apart from the well known like Quality manage2010

ment system (QMS) based on ISO 9001:2008 and
Environmental Management System (EMS) based
on 14001:2004, the management system standards
have been developed in the area of occupational
health and safety (OHSAS 18001:2008, CSA
Z100), food safety (ISO 22000:2005), corporate
social responsibility and accountability (SA 8000,
AA 1000 and the issuing of ISO 26000 is expected in 2010), security of information systems (ISO
27001:2005) and supply chains (ISO 28000:2007).
Multiple Management System Standards (MSSs)
are often implemented to improve organizational
performance in quality, safety, security and a number of other aspects or functions (Bernardo et al,
2009).
All these management systems can be integrated into a single Integrated Management
System (IMS). According to Karapetrovic et al.,
(1998), linking two systems, in a way that results
in a loss of independence of one or both, means
that these systems are integrated. The integrated
systems then form a “system of systems” where
the individual systems still retain their identity.
(Karapetrovic et al., 1998). Bernardo et al., (2009)
define the integration of management systems as:
“a process of linking different standardized MSs
into a unique MS with common resources aiming
to improve stakeholders’ satisfaction.” One of the
questions for the companies implementing two or
more MSSs is whether the related management
systems should be implemented and managed individually, or whether they could benefit from the
possible synergies when integrating these management systems.
Important research in this area (e.g. Karapetrovic, 2002, Karapetrovic, 2003, Jonker et al., 2004)
shows that the integration of standards, on the one
hand, and management systems, on the other, are
two clearly separate issues. Jonker et al., (2004),
provide an explanation: “While the integration
of management system standards remains under
the auspices of standardization bodies (for instance, ISO), it is up to each individual company
to make the decision of whether or not to align
internal function-specific management systems.
Although ISO is making an effort to harmonize
the structure of the existing and emerging MSS, a
fully integrated international standard is not to be
expected anytime soon.” Some initiatives for pro89
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viding guidelines for integration of management
systems, but with no intention of being substitute
for reference standards, are evident. The Euro Info
Centre EIC/T initiated a developing of a guide for
the IMS (environment, quality and safety) as a
support document for SMEs which want to take
advantage of the synergies and many points of
contacts between environment, quality and safety
management systems (Scipioni et al., 2001). Several countries, such as New Zealand, Australia,
France, the Netherlands, Denmark and Spain have
developed or are developing their own IMS standard (Jorgensen et al., 2006)
Benefits from and obstacles toward
Integrated Management System
Some researches provide evidence in favour of
IMS. Zeng et al. (2007), concluded that the major problems for an enterprise to operate parallel
management systems are: complexity of internal
management, lowering management efficiency,
incurring cultural incompatibility, causing employee hostility and increasing management costs.
Implementing parallel systems requires duplicate
efforts for documentation, executing procedure,
checking, controlling forms and other paper work.
It has been proven to be difficult to operate separate management systems covering quality, environment, and occupational health and safety, and
to ensure their alignment with the organization’s
strategy (Zeng et al., 2007).
Karapetrovic et al., (1998a) underlined some
major benefits arising from an integrated systems
approach: improved technology development
and transfer; improved joined operational performance; improved internal management methods
and cross-functional teamwork; higher staff motivation, lower intervention conflicts; multiple
audits reduced and streamlined; enhanced confidence of customers and a positive market/community image; reduced costs and a more efficient
re-engineering. Zutshi et al., (2005) find a number
of quantifiable and unquantifiable benefits experienced by the companies from operating one integrated system, such as saving of dollars, a better
use of resources and an improved communication
across the organization. Jorgensen et al., (2006),
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discussed the potential benefits from the integration of the management system, and pointed out:
the reduction of administrative burdens due to
improved internal coordination; competitive advantages and progress towards corporate responsibility related to all the three pillars of sustainable
development.
However, for the benefits to be realized, it is
essential that organizations are aware of the obstacles towards IMS. Potential obstacles are reported in a number of predominantly theory based
academic papers, but later reports from practice
confirm the majority of them. Hillary (1997)
claims that the integration before the new system
matured could disrupt the existing systems; that
developing a stand-alone system initially raises
its profile and that integration should be tried after the assessment requirements for certification to
QMS and EMS have become clear. Karapetrovic
et al. (1998a) discuss some difficulties and concerns when establishing an integrated management system, based on QMS and EMS, such as:
insufficiently harmonized standards, differently
perceived customers and stakeholders (for QMS,
customers are individuals purchasing a product
or service, for EMS, customers are the general
public, local communities and the government);
interests concerning the environment are more homogeneous internally and externally than interests
concerning assistance in product quality improvement; inter-functional conflict; different operational management methods (project management
in EMS versus process management in QMS).
Zeng et al. (2007) reported the most threatening
factors that can create a climate to deprive an IMS
implementation process from getting support: lack
of know-how; conflicts among the groups in the
organization; negative corporate attitudes towards
IMS and unfavorable company culture. Salomone
(2008) reported that main difficulties in supporting IMS are based on: assigning the right level of
importance to: quality, environment and safety;
difficulties in organizing an IMS, personnel may
confuse the standards; insufficient integrability of
the standards and inadequate support of certifiers.
Organizational culture (Jorgensen at al., 2006) and
the top management attitude (Jonker et al., 2004)
are highlighted as important factors in the success
of the IMS implementation.
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Strategies for integration of management
systems
There are a number of possible strategies to attain an IMS. Karapetrovic et al. (1998a) and Karapetrovic (2002) propose three possible strategies:
first QMS, then others; first EMS, then others;
simultaneously QMS and EMS, then others and
common IMS cores and then the IMS modules.
Lobodova (2004) discussed two ways of integration: sequential implementation of individual systems QMS–EMS–OHSMS and combining them
into the IMS and the implementation of the IMS
in which one system covers all areas in greenfield
conditions directly. Lobodova (2004) proposed the
direct implementation of the IMS, using a methodology based on the risk analysis. At this approach
risk can be used as an integrating factor - risk for
the environment, risk for the life and health of the
employees and the surrounding population, and
the risk of economic losses. Fresner et al., (2004),
claim that the focus in integration should not be
on incremental improvement, but on redesign
and rethinking of systems to supply services and
products in the most environmentally and socially
sound manner in such a way that the future generations will also be able to sustain themselves.
Jorgensen et al., (2006), proposed three levels of
integration of management systems:
–– Corresponding: increased compatibility
with cross-references between parallel
systems;
–– Coordinated and coherent: generic processes
with focus on tasks in the management cycle
and
–– Strategic and inherent: an organizational
culture of learning, continuous improvements
of performance and stakeholder involvement
related to internal and external challenges.
Due to the varying nature of specific core
strengths and competencies of firms, an IMS that
works well for one organization may not work for
another; a true IMS would therefore be one that
has been designed specifically for that organization (Asif et all, 2009). According to Asif at al,
(2009) and PEDIMS approach, IMS implementation requires a complete integration (vertical
and horizontal) across all organizational levels.
2010

The vertical integration transforms the strategic
plans into management processes and then into
operational activities. The horizontal integration
is meant to provide a lateral integration across
operational processes by designing them so that
firstly, they meet all requirements of quality, environment, health and safety, and social obligations
and secondly, they are lean and waste free. These
transformed core processes are then integrated in
the mainstream management systems to give one
composite and holistic IMS.
The EMS, OHSAS, HACCP and other MSSs
have very often been implemented, in parallel or
consecutively, in organizations which had already
used some other standardized MS. This is usually
a Quality Management System (QMS) based on
ISO 9001: 2000 (Bernardo et al, 2009). Empirical
researchers provide evidence of integration practice. Zeng et al. (2007) provide a survey within
61 companies in China that have implemented
the IMS. According to their findings all respondents attained ISO 9001 certification before ISO
14001. Salomone (2008) provides a survey of
103 companies in Italy and reports that almost all
indicated the ease of integrating ISO 14001 and
OHSAS 18001, while it proved more difficult to
integrate these two with ISO 9001. Indeed, a majority of the respondents said they had integrated
the management systems by first integrating, ISO
9001 with ISO 14001 and then ISO 14001 with
OHSAS 18001. Karapetrovic et al., (2009) based
their findings on 176 respondent organizations
and reported that 86% companies implemented
ISO 9001: 2000 first, followed by ISO 14001:
2004, and then OHSAS; only 11% implemented
an EMS and QMS simultaneously, while 3% companies implemented an EMS before a QMS.
All proposed integration strategies assumed
that the potential of the win-win solutions for customers, organizations, suppliers, local community,
and the authorities will be demonstrated. Wilkinson et al., (1999) claimed that a debate about new
models of integration of management systems
distracted attention from the view that integration through a total quality approach could offer
substantial benefits. As a consequence, the maturation in defining terms of quality and of quality
management can be observed. Solomone (2008)
introduces the term of integrated total quality
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based on: “awareness of the need to satisfy not
just the customer but all parties involved; continual improvement in total satisfaction of customers which implies that firms will be judged on the
basis of ‘how’ these organizations have produced
the products and that joint effect of the above is a
move away from economic sustainability towards
“triple bottom line” - economic, social and environmental sustainability”. Karapetrovic (2003) introduced a new meaning of quality – “the ability to
deliver excellence to all interested parties”.
The role of design and developement in
IMS implementation process
Although in prior research scholars have examined how “routines” may influence organizational development and innovation capabilities
and strategies for integrating those “routines”, we
find important to highlight and explore the role of
the design and development process in the IMS
implementation. As already mentioned, the integration of other management systems is based on
the Quality Management System. How can the requirements of different documented management
systems be efficiently integrated in a dynamic
environment? How can we ensure a long lasting, meaningful integration suitable for specific
organizational situation? How can a “variationdecreasing” management system practice be integrated with a “variation creation” environment?
We propose an integration based on the D&D process. Our idea is not to promote a uniform structure, the complexity or the organization of the
D&D process, but to find the point of balance between the requirements which have to be fulfilled
and the changes which have to be taken.
According to Evans et.al, (1999) the typical
product design process consists of six phases:
idea generation, preliminary concept development, product and process design, production,
market introduction and redesign of the product.
In the idea generation phase, new or redesigned
product ideas should incorporate or even exceed
customers’ expectation and needs. In the dynamic
and competitive market situation, the speed of
new product development, the level of novelty of
new product and the use of the latest technological
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innovations are of high importance. The impacts
of these “new” issues upon an organization’s operations and consequently on the organization’s
stakeholders have to be taken into consideration.
Furthermore, a clear acknowledgement of quality, safety, environmental, social impacts even in
the idea generation phase may have a great influence on finding an adequate solution. Having
clear and objective criteria for studying economical, environmental and social feasibility is critical.
Meeting or exceeding customer’ requirements;
the economical, social and environmental sustainability as well as safety issues of the production
process need to be clearly judged. In the product
and process design phase it is important to know
the specific requirements related to the operation conditions, and make sure that quality, safety
and environmental risks are minimal. The lack of
know-how in balancing all these issues is evident.
In accordance with the above presented explanations on the need, the importance and the problems of the IMS implementation, we come to the
issue of the role and importance of the D&D in
such circumstances. In their essence, these increasing requirements direct the D&D process towards
an indispensable acceptance and respect of all the
requirements of various stakeholders concerned
with the future products and processes. It is no longer sufficient to only develop and design a safe and
high quality product that will be acceptable for its
users; this product and the processes are expected to
meet a whole set of additional requirements related
to, e.g., environment and the occupational safety
and health, etc. On the other hand, the emergence of
new standards and hence the higher requirements
the organizations are faced with, affects the process
of their implementation and/or integration into the
existing system, which in turn affects the D&D process running in them.
For the analysis of the role of the D&D process in the implementation of IMS it is necessary
to obtain that the difference between the standards
integration and the management system integration
should be recognized, since these are two separate
problems. The integration of requirements of different standards does not necessarily mean a successful system integration (Karapetrovic, 2002). What
the customers requirement is not the integrated
standards of management systems, but a model ca2010
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pable of adapting to the introduction of the existing
or the future standards of management systems and
simultaneously adjusting to the various requirements of these standards (Jonker et al., 2004). In
order to solve this problem it is possible to use the
D&D process as a solid basis to achieve favorable
results in the IMS design in both cases. The thus
designed IMS would answer the requirements of
the standards and integrate these requirements into
a uniform management system. Also, the IMS designed in such a way would prove a solid basis for
the IMS self-improvement as well as for the future
standards’ requirements implementation.
In the analysis of the role of the D&D process
in the IMS implementation, and starting from
the theoretical background in the approach to the
IMSs implementation presented in this paper, it is
essential that two basic groups of approaches to
the IMS implementation be recognized:
–– Integration of requirements of various
standards: in recognizing similar or compatible
requirements of various standards and the
integration of a portion of documentation
(e.g., internal audit procedure, corrective and
preventive activities, management review)
into the IMS. Regardless of whether the
ISO 9001 standard is taken as basis or is
implemented alongside the requirements of

other standards, the basics of this approach
are the requirements of the standards as a
background for the IMS implementation.
–– Integration of management systems: through
the identification of the requirements for these
systems by various stakeholders, followed
by the analysis of the effects of the design
products and processes and the integration of
these systems into a uniform IMS. The basis of
this approach consists of the requirements of
various stakeholders, through the fulfillment
of which the IMS is implemented.
The existing theoretical background of different approaches to the IMS integration, by various
authors, can be identified in the two above stated
groups of approaches and categorized according
to the criteria of their starting points in the IMS
implementation. The categorization of these existing theoretical backgrounds of the approaches to
the IMS implementation is presented in Table 1.
Thus presented categorization supports the preposition that they are possible to consolidate, allowing that each of them retain their specific features
of theoretical steps and methods of approach.
The two groups of approaches will be taken as
a basis for the analysis of the role of the D&D process in the IMS implementation. This analysis is

Table 1. The categorization of existing theoretical backgrounds of the approaches to the IMS implementation
Standards’ requirements integration into the IMS

Management system integration into the IMS

• The integration of standards. (e.g. Karapetrovic,
2002, Karapetrovic, 2003, Jonker and
Karapetrovic, 2004)
• Three possible strategies: first QMS, then others,
first EMS, then others, simultaneously QMS and
EMS, then others and common IMS cores and
then IMS modules. (Karapetrovic and Willborn,
1998, Karapetrovic, 2002)
• Two ways of integration: step by step, sequential
implementation of individual systems QMS–
EMS–OHSMS and combining them into IMS
implementation of IMS. (Lobodova, 2004)
• The integration through documentation of
different systems. (Wilkinson and Dale, 2002)

• The integration of management systems. (e.g.
Karapetrovic, 2002, Karapetrovic, 2003, Jonker
and Karapetrovic, 2004).
• The system approach (Karapetrovic & Willborn,
1998a)
• The integration of management systems.
(Bernardo at al, 2009)
• The direct implementation of IMS, using
methodology based on risk analysis. (Lobodova,
2004)
• The redesign and rethinking of systems. (Fresner
and Engelhardt, 2004)
• PEDIMS approach. (Asif at al, 2009)
• The integration through a total quality approach.
(Wilkinson and Dale, 2002)
• The integrated total quality. (Solomone, 2008)
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not meant to rate the strengths or weaknesses of
one approach in comparison with the other; that
issue will be the subject of some future research.
If the IMS implementation process is observed
as an integration process of the requirements of
various standards, e.g., ISO 9001, ISO 14001,
OHSAS 18001 into a uniform system, it is possible to identify a number of characteristic types of
links between the D&D process and the requirements of the respective standards:
–– Type 1 – In this case, the D&D process is
observed as one of identification processes
within the organization, subject to the
general requirements that apply to the other
organizational processes as well. These
requirements are most explicitly presented
within the ISO 9001 standard (elements 4,
5, 6, 7.6, 8), however, they can be identified
within other standards, the ISO 14001 and
OHSAS 18001, too (see Figure 1). These
requirements essentially refer to the D&D
management process and require that it
should be identified within the designed
system, defined, that the necessary resources
for its realization should be acquired, that
its execution should be monitored and that
it should be permanently improved. The
fulfillment of these requirements provides
the basis for the management of all the
organizational processes, including the
D&D itself.
–– Type 2 – In this case, the D&D process is
observed as a specific process that should
meet specific requirements in comparison to
other processes identified in the organization
(see Figure 1). In this case, too, the most
explicit requirements related to the D&D
process are provided by the ISO 9001
standard, as is described in the standard
elements in item 7.3. The requirements
for this process in the ISO 14001 and the
OHSAS 18001 standards are identified more
explicitly after the impact and risk analysis
is conducted, where the D&D process may
be one of the processes identified in the
organization, with a significant impact upon
the environment, safety and health at work.
–– Type 3 – This type of links stems from one
logical question. Which process, if not the
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D&D process, could and should perceive all
the impacts of products and processes upon
the quality, environment, occupational health
and safety, the respective legal requirements
and define the programms for their control
in a most comprehensive way? Therefore,
the D&D process can support the IMS
implementation process via its own processes
of designing the products and processes that
are meant to fulfill various requirements
for the quality, environment, occupational
health and safety, as well as other possible
requirements imposed or to be imposed by
the environment. As far as the ISO 9001
standard is concerned, one example of such
requirements is the requirement 7.1 of the
ISO 9001 standard which is fulfilled through
the work results of the parts of the D&D
process (in the reference of this standard
element the user is directed to the elements
in 7.3). In the ISO 14001 and the OHSAS
18001 standards, parts of the D&D process
can be used in, e.g., aspects and threats
identification, legal and other requirements
inclusion, programs, operating procedures
and emergency procedures defining.
On the basis of the findings of the above
analysis and the presentation in Figure 1 a
conclusion can be drawn that:
All the three standards, the ISO 9001, the
ISO 14001 and the OHSAS 18001 define
the requirements for the D&D process
as well as for the other processes that are
necessary to manage in the management
system, depending on its impact upon the
environment and the safety and health at
work. In case of the ISO 9001 standard,
with its identification the requirements
are already well defined within item 7.3 –
TYPE 1.
The ISO 9001 is the only one that explicitly
defines the requirements for the D&D
process – TYPE 2.
The ISO 14001 and the OHSAS 18001
standards define the requirements whose
fulfillment largely depends on the development level and the presence of the D&D
process – TYPE 3.
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Figure 1. The role the D&D process in the IMS implementation through standard
In case of standard requirements integration
into a uniform IMS, the ISO 9001 standard, which
defines the explicit requirements for the D&D process, can be taken as basis for the fulfillment of the
requirements which are common to both the ISO
14001 and the OHSAS 18001 standards, which is
in accord with one of the approaches quoted by
Karapetrovic (2002). If in the D&D process within the requirement 7.3 of the ISO 9001 standard,
in addition to the impact upon the quality, the requirements were extended to include the impact of
products and processes upon the environment, the
safety, and the health at work, such a D&D process would fulfill the explicit requirements of the
ISO 9001 standard (TYPE 2); however, through
its execution, it would simultaneously fulfill the
requirements set by the other two standards in the
scope of TYPE 3 relations presented in Figure 1.
2010

The requirements of the standards characterized
by the TYPE 1 relations, that could be applied to
all the identified processes, could also be a basis
for the fulfillment of the requirements of the same
impact in the ISO 14001 and the OHSAS 18001
standards, in accordance with Asif et al, (2009) and
PEDIMS approaches, where the IMS implementation means a complete (vertical and horizontal) integration across all the organizational levels. The
fulfillment of the TYPE 1 requirements could ensure a vertical integration across the management
processes, whereas the implementation of the respective TYPE 2 and TYPE 3 requirements could
ensure a horizontal integration into the IMS. The
analysis and the presentation in Figure 1 point out
the importance and the role of the D&D process
in designing an integrated management system in
case of integration of individual requirements of
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Figure 2. The role of D&D process in the IMS implementation by management system integration
various standards. It is expected that the absence
of such a process may diminish the results of the
management system integration through the integration of standard requirements.
The other group of management system integration approaches takes the requirements of
various stakeholders as a basis for the IMS implementation. These approaches define the IMS (as
well as any other system) as a set of interrelated
processes that operate in a coordinated way, sharing the human, material, information, infrastructure and financial resources towards achieving
the set goals. The goals may refer to the quality,
environment, occupational health and safety, etc.,
but they will each be joined through their integration into the IMS. In this approach the organization is observed as one system, rather than a set
of autonomous, functionally specific management
and operating systems. Once all the functional requirements of the existing management system
are integrated, the necessary elements of the IMS
are acquired and it is possible to include the appropriate management system standards into the
IMS framework. The D&D process may well be
the basis of this approach in the IMS designing,
too. It may serve to integrate the stakeholders’ var96

ious requirements. Regardless of the requirements
of the ISO 9001, ISO 14001, OHSAS 18001 and
other standards, the D&D process can take into account all the necessary requirements that apply to
the organizational products and processes in order
that they be duly fulfilled. The result would be a
set of the IMS documents (procedures, programs
etc.) on the basis of which the processes within
the organization would be conducted, and, on the
other hand, the various stakeholders’ requirements
could be fulfilled (see Figure 2). Such a system
would be a solid basis for fulfilling the growing
environmental requirements and would be easy to
adjust to them.
Regardless of the approach selected for the
IMS implementation, the importance of the role of
the D&D process cannot be neglected. The organizations that recognize the need for such a process
can improve the effectiveness of their integration
processes, regardless of the approach selected.
One problem that stands out is the fact that in the
process of the quality and certification management systems design a large number of organizations neglect the elements from item 7.3 of the
ISO 9001 standard related to the D&D process,
and this can be a limiting factor in the application
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of the results of the above analysis. The organizations that have the design and development process done as an outsourced process or where the
process of improvement of their current products
and processes towards the fulfillment of additional
requirements does not exist or that is not developed enough could in fact face certain problems in
the IMS integration or maintenance. Even if they
do establish integrated management systems, the
maintenance of these systems and the monitoring of changes in the environmental requirements
may be limited. This hypothesis points to the possible directions of future research, whose aim will
be to evaluate the achievements in the IMS implementation in such organizations in comparison
to those that have a developed and implemented
D&D process.
Even if we had a complete and perfect documentation describing the system and fulfilling the
requirements of all the respective standards, the
question remains as to who could perform certain
changes in any environmental requirements, if not
the D&D process or activities. Thus the role of the
D&D process is additionally stressed in the IMS
improvement stage. However irrational the reference to the need for the D&D process may appear
to some organizations, the SMEs in particular, the
aim of this work is not to define its uniform structure, complexity and the organization method.
These issues are left to be solved in concrete situations and in specific organizational milieus.
Conclusion
The emergence of an increasing number of
standards referring to the management systems
and the stakeholders’ insistence that organizations implement them resulted in an increasing
need that the standards and the various management systems should be integrated. In addition to
the integration problem, there is the problem of
an effective management system functioning and
maintenance in a rather dynamic environment.
The documented management systems are often
regarded, in both theory and practice, as routines
that diminish the developmental and innovational
potentials of organizations. The current research
has failed to prove that, besides the integration, it
2010

is necessary that the integrated system should be
maintained effective in a dynamic environment.
In this analysis of the role of the D&D process
in the IMS implementation two basic groups of
approach to the IMS designing are identified:
–– Integration of requirements of various standards.
–– Integration of management systems.
Either of the groups offers different starting points
in the IMS implementation. In the former group of
approaches, the basis for the IMS implementation
are the requirements of various standards, regardless of the order of their implementation, whereas
in the latter, the IMS implementation basis is made
up of the various stakeholders’ requirements.
The analysis of the place and the role of the
D&D process in the above two groups of approaches offers a hypothesis that the D&D process could serve as a solid basis for an effective
IMS implementation and improvement, even in
the case of integration of the requirements of various standards or the management system integration into the IMS. The aim of this paper was not
to point out the strengths or weaknesses of either
the above stated groups of approaches to the IMS
implementation or any individual authors’ theoretical bases of approach categorized within them.
The aim was to highlight the position and the role
the D&D process has in the IMS implementation
and improvement.
The analysis of the position and the role of the
D&D process in the former group of approaches to
the IMS implementation the case of requirements
integration of three standards was analyzed: the ISO
9001 quality management system, the ISO 14001
environment management system, and the OHSAS
18001 occupational health and safety management
system. Through the identification of the types of
links of the respective standards and D&D processes this analysis pointed to a possibly significant
D&D integrating potential in the IMS implementation. It is only the ISO 9001 standard that explicitly defines the requirements for the D&D process
establishing and management, however, in all the
three standards, the ISO 9001, ISO 14001 and OHSAS 18001, the requirements are identified that can
be fulfilled as integrated in the course of the D&D
process execution. In the concrete organization, the
impacts upon the environment and the occupational
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safety and health and the changes within them can
to a large extent be observed in the D&D phase.
The ISO 14001 and the OHSAS 18001 standards
define the requirements whose fulfillment largely
depends upon the development level and the presence of the D&D process.
The latter group of approaches to the IMS implementation via the management system integration also reveals that the role of the D&D process
may well be important. A conclusion can be drawn
that the current and the future requirements of
various stakeholders can be integrated effectively
through the D&D process activities. The results of
their transformation through the D&D process can
be unifying for different systems in their integration and the implementation of one IMS.
The basic conclusion is in favor of the thesis
that the basis of the IMS implementation and improvement can be found in the D&D process and
activities, regardless of the group of approaches
selected. The extent to which one such hypothesis
is recognized within the organizations that implemented the IMS remains an open-ended issue for
future research of the role of the D&D process in
the IMS implementation and improvement.
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Production performances in
agriculture of the Western
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transition process
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Abstract
The paper analyzes the transformation of the
agricultural sector and agricultural production
performance of the Western Balkan countries in
the period 1992-2007. Specified period is determined by the availability of comparable data for
most countries, and may be considered relevant to
the analysis of the transition process. The analysis
of production performances includes dynamics of
agricultural production and the levels and trends
in the partial productivity of agriculture - the labor
and land productivity. All indicators are calculated
for the region and separately for each country, and
the comparison has been made with the European
Union. Performed analysis shows poor performance of agricultural production of Western Balkan countries to the European Union. Comparison
detected differences between the countries of the
region are significant. Low level of productivity,
primarily labor productivity is, of course in addition to other factors, one of the main factors of
lower levels of agricultural competitiveness in the
Western Balkan countries compare to the European Union.
Key words: Agriculture, Transition, Production performances, The Western Balkan.
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Sažetak
U radu se analizira transformacija agrarnog
sektora i proizvodne performanse poljoprivrede
zemalja Zapadnog Balkana u periodu od 19922007. godine. Naznačeni period determinisan je
dostupnošću komparabilnih podataka za većinu
zemalja, a može se smatrati relevantnim za analizu tranzicionih procesa. Kao najvažnije proizvodne performanse razmatraju se kretanje obima
poljoprivredne proizvodnje i nivoi i trendovi u
parcijalnim produktivnostima poljoprivrede –
produktivnosti rada i produktivnosti zemljišta. Svi
pokazatelji su proračunati agregatno za region i
posebno po pojedinim zemljama, a komparirani
su sa zemljama Evropske Unije. Izvedena analiza
pokazuje slabije proizvodne performanse poljoprivrede zemalja Zapadnog Balkana u odnosu
na zemlje Evropske Unije, ali i ne male razlike
između samih zemalja Regiona. Zaostajanje u
nivou, pre svega produktivnosti rada uz, naravno,
sve druge razloge, predstavlja jedan od glavnih
činioca nižeg nivoa konkurentnosti poljoprivrede
zemalja Zapadnog Balkana u odnosu na Evropsku
Uniju.
Ključne reči: Poljoprivreda, tranzicija, proizvodne performanse, Zapadni Balkan.
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Introductory Notes
The agrarian policy reforms and agricultural
transformation in the Western Balkan countries
(WB-6) – Albania, Bosnia and Herzegovina, Croatia, Macedonia, Montenegro, and Serbia – during
1990ies were the part of the whole economy transformation from the centrally planed to the market
economy. These reforms were intended to enable
transformation of state-owned and social agriculture. These processes resulted, in the first phase,
in the weakening of the production performances
in agriculture. Namely, all the Western Balkan
countries have been going through a severe agricultural depression since their centrally planned
economies collapsed in the early 1990s. Such tendencies widened the gap between the countries
of the Western Balkans and the European Union
(EU-27), which continued their steady increase
in agricultural productivity. Unfavorable tendencies in agricultural productivity, especially labor
productivity, and other factors, adversely affected
its low level of agricultural competitiveness in the
Western Balkan countries. It has become clear that
the transition process is far more complex and is
likely to be much more protracted than was first
expected.
The agrarian policy reforms and
agricultural transformation in the Western
Balkans countries
The beginning of the last decade of the 20th
century in Eastern Europe was marked by political
changes which resulted in the break-up of a centrally-planned socialist economy. Accordingly, all
of the countries in the Western Balkans started the
process of developing a market economy based
on private ownership. Reforms were inevitable
in the agrarian sector as well, i.e. in the national
agrarian policies of the countries listed above, and
they referred to: price and market liberalisation,
creation of market conditions adjusted to the existing agrarian structure; privatization of land and
non-land agrarian funds; demonopolisation and
privatization of pre farm sectors (production of
agricultural input - mineral fertilizers, plant protection products, machinery) and post farm sectors
2010

(storage, transport, processing, distribution and
sale of agricultural products), as well as trade flow
of farm and food products; creation of a functional
banking system to deal with the agrarian sector,
and establishment of an institutional structure and
state administration to enable uninterrupted functioning of the market economy.
The Western Balkan countries were characterized mainly by lower level of liberalization of farm
product prices at the beginning of the transition
period, compared to the Central and Eastern European Countries. Fuller liberalization of prices and
trade flows of agricultural and food products were
accomplished in the second half of the 1990s. Reforms of institutional infrastructure, common to
centrally-planned economies, depended not only
on the starting transition points of some countries,
the privatization model, but also on certain noneconomic factors. Many Western Balkan countries require significant changes in the institutional
sphere towards creating institutions necessary for
an uninterrupted functioning of the market economy. There are numerous restraints in the system
of rural finances. The banking sector, privatized
mainly with the capital coming from foreign
banks, does not show great interest in agriculture.
Interest rates are still high, and the deadlines for repaying loans are relatively short in current agricultural conditions, so there is a lot of self-financing
or informal borrowing of resources. Production
of agricultural input and the processing industry
are demonopolised and privatized. The processes
mentioned above have accomplished greater success in the processing sector, especially in the field
of highly valued final production, which has been
privatized with a significant share of direct foreign
investments.
The Western Balkan countries were characterized by dual production structure in agricultural
sector – on the one hand there are large public/
state firms; while on the other hand, there are small
individual farms, which occupied most of the land
area, with the exception of Albania. Therefore,
Albania suffered the most dramatic consequences
of the restructuring of farms, because all collectivized land was distributed to farmers and farm
workers. The land privatization created around
half a million new private farms, segmented into
1.900.000 parcels, where each farm consisted of
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between one and ten parcels, i.e. 3.3 parcels on average. During the 1990s, the average farm size in
Albania was very small: 1.05 ha, and it stretched
to 1.29 ha in the flat area or shrank to 0.55 ha in
the mountainous area (Cunga, A., Swinnen, J. F.
M., 1997, 7-8).
The former Yugoslavia did not have collective
farming during the socialist regime. The private
sector was dominant in Bosnia and Herzegovina,
Croatia, Macedonia, Serbia and Montenegro, and
at the end of the 1980s it occupied around 82%
of the arable soil (Swinnen, J. F. M., Mathijs, E.,
1997, 352). As a result, the private land ownership
has been dominant in all “heir states”, i.e. there
have been individual farms with a small average
size, and with highly fragmented ownership structure, which has been caused by the retention of
traditional inheritance laws. The very small average size of farms and high degree of land fragmentation represent a serious problem concerning
the improvement of productive efficiency of individual farms. In Bosnia and Herzegovina, approximately 95% of the land, with an average size of 3
ha to 5 ha, is in private ownership. In Croatia, private ownership takes up 66% of the land, and the
average size is 2.9 ha. In Macedonia, the private
sector takes up between 70% and 85% of arable
soil, consisting of farms with a very small average
size of 2.5 ha to 2.8 ha. Serbia and Montenegro,
like other countries, is characterized by predominance of private ownership, which occupies over
85% of arable soil. The rest of arable soil is in the
hands of the state, and it is cultivated by huge state
farms. These countries are undergoing the process of land privatization, so the share of private
ownership is constantly on the rise. The average
size of highly fragmented individual farms is very
small, and it varies between 3 ha and 5 ha (Csaki,
C., Zuschlang, A., 2004, 68-115). These individual
small farms, in the all the Western Balkans countries mostly rely on their own workforce, which
often consists of households with older members.
There is a relatively great number of inhabitants
in the rural sector in the Western Balkan countries
– almost 50%, and they are largely associated with
agriculture – farm inhabitants make up around 1/3
of rural population – in Albania even 81% of rural
population. In the EU-27, 1/4 of population inhabits the rural area, and every fifth person works in
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agriculture as a primary activity. In addition, the
share of active farmers in total active population
is larger in the Western Balkan countries – around
15%, while, it is below 6% in the EU-27. The
share of agriculture in the total GDP varies from
7% in Croatia to 23% in Albania, while the percentage is one-digit in EU, with the exception of a
few new member states (Zekić S., Gajić M., Lovre
K., 2009, 225).
Production performances in agriculture
Agricultural production in the Western Balkans countries had mostly stagnant and downward
trend during the analyzed period of 1992-2007.
After the post-war recovery, agricultural production dropped again in the two periods - 1999-2003.
and 2005-20007. On the other hand, in the same
period, agricultural production in EU-27 had a
steady growth (Figure 1). It is necessary to note
that some non-economics factors played the important role in dynamics of Western Balkan countries agricultural production performances, especially in the first years of transition process.

Figure 1. Dynamic of agricultural production
(1992=100)

Source: Own calculations on the basis of FAOSTAT.

The decrease of the agricultural production was
evident in Croatia, Montenegro and Serbia. However, other countries have experienced a positive
trend in agricultural production during of this period (Figure 2).
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Western Balkan countries, the gap with the EU-27
has additionally widened. In other words, the gap
concerning labor productivity between these two
groups of countries rose from 1:4.09 to 1:4.31 in
the period between 1992. and 2007. On the graph
it is visible that trend of labor productivity in the
EU is higher then of the Western Balkan countries
(Figure 4).
Figure 2. Growth rate of agricultural production
- comparative analysis (average for the period
1992-2007)
Source: Own calculations on the basis of FAOSTAT.

Resource structure of agriculture - the ratio of
basic productive factors - land and labor, in the
countries of the Western Balkans is far more unfavorable than in the European Union. This means
that the Western Balkans countries have a relatively high number of workers employed in agriculture, especially in Albania and Serbia, which significantly impacts the sectoral productivity (Figure 3). Namely, partial labor and land productivity
are related through the factorial relation between
the land and the labor, which can be expressed
as (P/L)=(P/A)·(A/L), where P, L and A stand for
production, labor and land respectively.

Figure 4. Level and trend of the labor productivity
Source: Own calculations on the basis of FAOSTAT.

If we look at the countries performed individually, labor productivity is the highest in Croatia,
while Albania holds the lowest level of this type of
partial productivity. The gap concerning labor productivity between EU-27 and six countries form
the Western Balkan, taken as average for period
1992-2007, is 1:4.16. This means that average
farmer in the EU produces about four times more
of agricultural products then the average farmer in
the Western Balkan countries (Figure 5).

Figure 3. The structure of agricultural resources
- comparative analysis (average for the period
1992-2007)
Source: Own calculations on the basis of FAOSTAT.

The analysis of labor productivity in agriculture, measured by the volume of agricultural production per active farmer, shows that it significantly falls behind in the countries of the Western
Balkans compared to the EU countries. Although
there has been a slight increase in this type of partial productivity over the past fifteen years in the
2010

Figure 5. Comparisons of the labor productivity
(average for the period 1992-2007)
Source: Own calculations on the basis of FAOSTAT.

However, in contrast to the labor productivity,
the level of land productivity in the countries of
the Western Balkans has not change much during the period of transition. However, the situa103
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tion is somewhat more favorable in the Western
Balkan countries, since the gap with the EU-27 is
slightly narrower, i.e. 1:1.92 average during the
period between 1992. and 2007. As is the case of
labor productivity, the trend in land productivity is
also prominent in the EU compared to the Western
Balkan countries (Figure 6).

Figure 6. Level and trend of the land productivity
Source: Own calculations on the basis of FAOSTAT.

Within the Western Balkan countries Serbia
and Croatia have the greatest volume of production per hectare of agricultural lend, while Bosnia
and Herzegovina holds the last position. The gap
of the land productivity between EU-27 and the
Western Balkan countries, taken on average for
period 1992-2007, is 1:1.92. This means that the
EU has almost twice as much agricultural production per hectare as the Western Balkan countries
(Figure 7).

Figure 7. Comparisons of the land productivity
(average for the period 1992-2007)
Source: Own calculations on the basis of FAOSTAT.
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Competitiveness issues in agriculture of the
Western Balkans countries
Farm producers in the Western Balkan countries will, sooner or later, find their place in the
common EU market, where they will be exposed
to strong pressure of competition from highly efficient producers from, first and foremost, and the
highly developed countries of Western Europe. In
the process of integration with the common EU
market, the non-competitiveness of the agro-food
sector in these countries, characterized by a low
level of agricultural productivity, especially labor
productivity, will induce high costs of production,
i.e. price non-competitiveness of food products in
the common agricultural market.
The low level of labor productivity is mostly
determined by unfavorable resource structure in
agriculture, i.e. by a relatively large number of
workers in this sector, which is slowly shrinking
due to insufficiently rapid development of the
non-agricultural sector. The preservation of “over
employment” in agriculture “is enabled” by high
rural unemployment accompanied by the dual
agrarian structure, which is predominant in the
Western Balkan countries. Such situation adversely affects the profitability of agriculture, diminishes the volume of investments and makes the increase in competitiveness impossible. The effects
of high employment in agriculture in the Western
Balkan countries depend, among other things, on
the political influence of agricultural lobbies and
rural population.
In the countries of the Western Balkans agriculture is still undergoing transformations, i.e. there
are still traces from the former socialist economy
which are to be overcome. The agricultural structure continues to be unfavorable, with a large
number of small farms and co-existence of seminatural and commercial farming sector. Rational
application of agro-technical systems to small,
semi-natural farms is not possible. This causes
low labor productivity, which consequently cannot ensure adequate income.
Another problem in the agro-food sector in the
Western Balkan countries is reaching EU standards, i.e. EU requirements concerning product
quality. The application of EU standards will have
two contradictory effects on the agricultural pro2010
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duction and prices. On one hand, cheap, low-quality products will be excluded from the market, and
they are still in demand by the poorer population,
and partly by the export market in the “poorer”
countries. On the other hand, the implementation
of the standards mentioned above will have the
opposing effects concerning the acceleration of
restructuring and creation of more efficient agriculture and channels of food distribution, so that
the first middle-term results will be seen in the
countries with the low level of restructuring of the
agro-industry.
In addition to the comprehensive restructuring
process, agriculture in the region should be decapitalised so that production can be modernized and
costs reduced. The problem is particularly noticeable in cattle breeding, which will have more difficulties in conforming to EU standards, while the
level of competitiveness in plant production will
be determined by high transportation costs and a
lack of storing capacity.
Conclusion
For a successful transformation of agriculture
in the Western Balkan countries, price and market
liberalization, demonopolization and privatization
of food and input industry were needed. Furthermore, creation of adequate financial sector, building of the institutional framework for the food sector and change of the role of the government in agricultural sector were enhanced. Since accession
to the European Union is the important goal to all
countries in the Western Balkan, adopting national
agrarian policies to Common Agriculture Policy
becomes an imperative. However, in the Western Balkan countries, the agricultural structure is
far more unfavorable than in the EU countries –
relatively large number active farmers per unit of
land, which largely determines the relatively low
level of partial productivity in agriculture. This
is especially noticeable in labor productivity. As
a result, the level of competitiveness of the agricultural sector is fairly lower compared to the EU
countries. The Western Balkan countries need to
restructuring their agriculture in order to increase
of agricultural productivity and hence competitiveness of agriculture.
2010
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Abstract
Improvement of business quality becomes an
imperative of modern market and global movements and it becomes main factor in achieving
competitive advantage of a company. Concept of
quality, based on modern approach, does not include only technological base but also transcends
from the production to the level of executive management, where during the time, it takes characteristics of business quality improvement as a whole,
where customer and achievement of its satisfaction has the pivotal position.
Success of a company depends on understanding the needs of the market and on harmonizing
the company’s possibilities with market’s needs
and requirements. Modern business environment
is dynamic and characterized by frequent changes.
Understanding and satisfying of customer requirements is becoming, in this way, the key element of
functioning, focusing and survival of a company
in modern business conditions.
The objective of an organisation should be
achieving and understanding the optimum level
of customer’s satisfaction. Application of concept
of Customer Relationship Management, or shortly
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CRM, companies can realise that goal and improve business quality.
Yet customer relationship management has not
worked out that well in practice..There are many
reasons for failures.
The purpose of this paper is to present research results in modelling of customer relationship
management concept application, in other words
essentially key elements of the model which is the
final result of modelling. This model implies a process approach and acceptable marketing research
in the beginning, as well as the appropriate evaluation in the end. The model is harmonized with:
modern quality concept and requirements of ISO
9000:2000 series of standards, business excellence
concept represented throughout the EFQM model,
and marketing demands as to satisfaction of customers. The model also represents requirements,
attitudes and ideas of companies from Bosnia and
Herzegovina and a group of experts. The model
offers appropriate solution for correct customer
relationship management concept application and
improvement of business quality of a companies
from Bosnia and Herzegovina.
The research was done at the fourth quarter of
2009, to prove justifiability of requirements, ele2010
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ments and activities in the fore postulated theoretic model of customer relationship management
concept application. The theoretical model was
postulated on the base of study of available literature and research in this sphere. The research
included manufacturing and services companies,
registered and active in Bosnia and Hercegovina,
as a primary group, and experts from the relevant
field of work, as a control group of the research.
The aim of the research was to prove facts, attitudes and opinions in relation to customer relationship management concept application in economy (both manufacturing and services), needs and
specific requirements of economy of Bosnia and
Herzegovina according to modelling customer
relationship management concept, as well as specific requirements of the experts in the field of
marketing and/or quality.
Surveying of available companies and experts
was primarily done through the following communication channels: e-mail, fax and telephone. If
one channell was not functioning, next one would
be used. A part of the questionnary was personally distributed to some companies and experts. In
order to acomplish the survey it was created an
appropriate questionnary (taking care about a methodology postulation of the research). The communication principal was one questionnary – one
company/expert.
During checking phase of statistically relevant
differences in the answers of different-size-companies (types of companies: 1 – micro and small, 2 –
medium and 3 – big) the data types which appeared
in the survey caused the application of two different
methods of statistic analyses: Kruskal Wallis and
Single factor Anova (she was also used in comparison of companies (total) and experts’ data). Where
appropriate, in processing and analyses of the research results, Pareto analyses was used in order to
sort the answers according to degree of importance
both for the companies and experts.
Key words: model, customer relationship
management, satisfaction, quality.
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Sažetak
Unapređivanje kvaliteta poslovanja postaje
imperativ savremenog tržišta i globalnih tokova i
glavni je faktor postizanja konkurentske prednosti
kompanije. Koncept kvaliteta zasnovan na modernom shvatanju ne podrazumijeva samo njegovu
tehnološku osnovu već se iz proizvodnje prenosi na
nivo izvršnog menadžmenta, gdje vremenom poprima obilježja unapređivanja kvaliteta poslovanja
kompanije u cjelini, pri čemu korisnik i postizanje
njegovog zadovoljstva imaju centralnu poziciju.
Uspješnost poslovnih organizacija temelji se na
poznavanju potreba tržišta i koordiniranju sopstvenih mogućnosti sa potrebama i zahtjevima tržišta.
Moderno poslovno okruženje je dinamično i sve
vrijeme preplavljeno promjenama. Razumijevanje
i zadovoljavanje zahtjeva korisnika tako postaje
pregnantan faktor funkcionisanja, koncentrisanja
i opstanka preduzeća u modernim ekonomskim
prilikama.
Cilj poslovne organizacije treba da bude postizanje i razumijevanje optimalnog nivoa zadovoljstva korisnika. Primjenom koncepta upravljanja
odnosima s korisnicima (CRM), preduzeća mogu
realizovati taj cilj i unaprijediti kvalitet poslovanja. Međutim, u praksi ovaj koncept nije u potpunosti pokazao sjajne rezultate, a razlozi za to su
mnogobrojni.
Namjena ovog rada je da prikaže rezultate istraživanja u modeliranju primjene koncepta upravljanja odnosima s korisnicima, odnosno suštinski bitne elemente modela koji je krajnji rezultat
tog modeliranja. Ovaj model uključuje procesni
pristup i prihvatljivo marketing istraživanje na
početku, kao i odgovarajuću evaluaciju na kraju.
Model je harmoniziran sa: savremenim konceptom kvaliteta i zahtjevima ISO 9000:2000 serije
standarda, konceptom poslovne izvrsnosti koji
reprezentuje EFQM model, kao i marketing zahtjevima u pogledu zadovoljstva korisnika. Model takođe predstavlja zahtjeve, stavove i ideje
bosanskohercegovačkih preduzeća, kao i grupe
eksperata. Uz to pruža i odgovarajuće rješenje za
ispravnu primjenu koncepta upravljanja odnosima
s korisnicima i unapređenje kvaliteta poslovanja
bosanskohercegovačkih preduzeća.
Istraživanje je zaključeno u četvrtom kvartalu
2009. godine i predstavljalo je reviziju opravda107
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nosti, zahtjeva, elemenata i aktivnosti prethodno
postavljenog teorijskog modela primjene koncepta upravljanja odnosima s korisnicima. Teorijski model postavljen je na temelju proučavanja
dostupne literature i istraživanja u ovoj oblasti. U
tom procesu su učestvovala proizvodna i uslužna
preduzeća, koja posluju i čije je sjedište u Bosni i
Hercegovini, kao osnovna grupa, odnosno eksperti iz predmetne oblasti, kao kontrolna grupa.
Cilj istrživanja bio je da utvrdi činjenice,
stavove i mišljenja u vezi sa primjenom koncepta upravljanja odnosima s korisnicima u privredi
(proizvodnim i uslužnim djelatnostima), potrebe i
specifične zahtjeve privrede Bosne i Hercegovine
u smislu modeliranja koncepta upravljanja odnosima s korisnicima, kao i specifične zahtjeve eksperata iz oblasti marketinga i/ili kvaliteta u vezi s
tim modeliranjem.
Ispitivanje dostupnih preduzeća i eksperata
primarno je izvršeno putem sljedećih komunikacionih kanala: e-mail, fax i telefon. Ukoliko
neki od tih kanala nije funkcionisao, prelazilo se
na sljedeći koji je u funkciji. Dio upitnika distribuiran je neposredno nekim preduzećima, odnosno ekspertima. Za svrhu ispitivanja kreiran je prilagođen upitnik (vodeći računa o metodološkoj
postavci istraživanja). Princip komunikacije bio je
jedan upitnik – jedno preduzeće/ekspert.
Kod revizije postojanja statistički značajnih
razlika između odgovora preduzeća različite
veličine (vrste preduzeća: 1 – mikro i mala, 2 –
srednja i 3 – velika) tipovi podataka koji se pojavljuju u ispitivanju uzrokovali su primjenu dvije
različite metode statističke analize: Kruskal Wallis
i jednofaktorska Anova, koja je takođe korištena
u komparaciji podataka dobijenih od preduzeća
(sumarno) i eksperata. U obradi i analizi rezultata
istraživanja korištena je Pareto analiza s ciljem da
se dobijeni odgovori klasifikuju prema stepenu
značaja za preduzeća i eksperte, a primjenjivana
je tamo gdje je to bilo izvodljivo.
Ključne riječi: model, upravljanje odnosima s
korisnicima, zadovoljstvo, kvalitet.
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1. Introduction
Market globalisation caused increase and intensification of competition. Improvement of
business quality becomes an imperative of modern market and global movements and it becomes
main factor in achieving competitive advantage of
a company.
On the last decade all modern organisations
take care about every of individual customers.
Business practice proved that the customers are
the biggest asset of a company, they are in permanent change, becoming more demanding, more
profiled, more informed and usually precisely
know their own needs and desires. Today, in the
time of very developed flow of information, a customer is able to change company very easily. Due
to all mentioned reasons, in 9th decade of the last
century a special strategy had been developed, and
was focused to the relationship of a company to its
own customers. It was called Customer Relationship Management, or shortly CRM. It represents
strategy that demands total devotion and acceptance of the concept from the management.1
Concept of quality, based on modern approach,
does not include only technological base but also
transcends from the production to the level of executive management, where during the time, it
takes characteristics of business quality improvement as a whole, where customer and achievement of its satisfaction has the pivotal position.
Business quality implies managerial approach.2
Components of quality, like complaints resolution, cooperation of organisation’s representatives
with customers, availability of products and services, costs and prices policy and contracting activities have an influence on customers satisfaction.
On the other hand, customers’ satisfaction affects
performances of an organisation, like expansion
of positive information about business organisa1 Stojkovic, D. (2008): Customer Relationship Management (CRM) - business strategy, components, needs and
process, in: Technique, No. 4, AETI of Serbia, Belgrade,
ISSN 0040-2176, p. 19-26.
2 Stojkovic, D. (2008): The basic principles of CRM
business strategy, International convention on quality
2008, “Quality for European and World Integrations”,
Belgrade, May 27th – May 29th, 2008., in: International
journal “Total Quality Management & Excellence” no.12, vol. 36, YU ISSN 1452-0680, p. 121-122.
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tion and its services and products, based on recommendations, profitability, etc.3
There are many definitions of quality in the
literature. The short accepted definition says: the
quality equals customers’ satisfaction.4
The objective of an organisation should be
achieving and understanding the optimum level of
customer’s satisfaction. Application of customer
relationship management, companies can realise
that goal and improve business quality.
Yet customer relationship management has not
worked out that well in practice.5 Large companies sometimes spend $5 million to $10 million on
customer relationship management systems only
to find disappointing results. Less than 30 percent
of CRM-adopting companies report achieving the
expected return from their customer relationship
management investments.
The model, which will be presented in this paper, should offers appropriate solution for correct
application of customer relationship management
concept in companies from Bosnia and Herzegovina.
2. The objective of the research
The objective of the research was to create and
present a theoretic model of customer relationship
management concept application for providing satisfaction of a company’s customers. This model
assumes a process approach, appropriate marketing research in the beginning and corresponding
evaluation in the end. The model is harmonised
with the conditions in which production and services companies from Bosnia and Herzegovina
work and it is created to enable easier managing
of these processes with the aim to achieve business excellence.

3 Djordjevic, D. / Vasiljevic, M. (2009): Quality management in traffic, Traffic faculty Doboj, Doboj, p.116.
4 Juran, J./ Gryna, F. (1999): Quality planning and
analysis: From product development through use, Mate,
Zagreb, p. 3.
5 Kotler, P. (2003): Marketing insights from A to Z : 80
concepts every manager needs to know, John Wiley &
Sons, Inc., Hoboken, New Jersey, p. 35.
2010

3. The sample, collecting and processing of
research information
Research target groups were:
–– companies (productive and/or services),
which are, in accordance with the
objective, registered and work in Bosnia
and Herzegovina, or managers – working
in marketing and/or quality sector in these
companies, as primary group,
–– experts, in the field of marketing and/or
quality, as a control group.
–– Surveying of available companies and
experts was primarily done through the
following communication channels: e-mail,
fax and telephone. If one channell was
not functioning, next one would be used.
The order of usage of channels was the
following:
1) e-mail,
2) fax,
3) telephone.
A part of the questionnary was personally distributed to some companies and experts. For the
sake of the survey it was created a questionnary
(taking care of the methodology of the research).
Communicative principle was: one questionnary – one company/expert. 82 companies and 35
experts accepted to participate in the survey. The
composition of the surveyed companies was:
–– According to the field of work: agriculture,
hunting and forestry 3 (3,7%), mining and
quarrying 3 (3,7%), manufacturing industry
15 (18,3%), electrical, gas and water
generation and supply 5 (6,1%), building
construction 9 (11,0%) wholesale and retail
trade; motor vehicles, motorcycles and
house-ware/personal repair 8 (9,8%), traffic,
warehousing and connection 3 (3,7%),
financial intermediation 18 (22,0%),
administration and defence; compulsory
social insurance 2 (2,4%), education 7
(8,5%), health and social care 4 (4,9%),
other communal, social and individual
services 5 (6,1%);
–– According to the size: micro 5 (6,1%),
small 10 (12,2%), medium 41 (50,0%), big
26 (31,7%);
109
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–– Position of the interviewed: director (general
manager) 5 (6,1%), leading manager 47
(57,3%), consultant 4 (4,9%), others 26
(31,7%);
The composition of the interviewed experts was:
–– The majority of the interviewed were male 32
(91,4%)) while females made only 3 (8,6%);
–– Level of education: the majority were PhD
14 (40,0%), experts with Master’s degree
12 (34,3%) and Bachelors made 9 (25,7%);
–– Occupation (answered 18 (51,4%) of the
interviewed): the majority were university
professors/college professors – 12, three
experts were employed as consultants, there
were 2 assistants and 1 engineer;
–– Position of the interviewed in their
organizations (answered 32 (91,4%) of
the interviewed): directors (managers) 3
(9,4%), leading managers 12 (37,5%),
consultants 2 (6,3%), others 15 (46,9%).
During checking phase of statistically relevant
differences in the answers of different-size-companies (types of companies: 1 – micro and small,
2 – medium and 3 – big), the data types which appeared in the survey caused the application of two
different methods of statistic analyses:6
–– Kruskal Wallis – single factor analyses of
the variant among the ranks for data types
of lower level (nominal), as well as with
data without beginner’s presumption on
the existence of a certain distribution (most
frequently normal),
–– Single factor Anova – single factor analyses
of the variant, but in this case for more
superior data of interval level, such as
significance grades.
The Anova was also used in comparison of
companies (total) and experts’ data.
It was taken that evaluation limit of reliability
results, t.i, probability which enabled claiming that
the data were error consequences or random variations was p = 0,05. This means that for p£0,05
exists statistically significant difference in results.
6 Based on: Pezzullo, J. (2009): Interactive Statistics
pages, http://statpages.org/index.html
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It was determined that significant statistic
exception in the answers of companies (total) and
experts didn’t exist, therefore, there is no discussion on this matter.
Where appropriate, in processing and analyses
of the research results, Pareto analyses was used
in order to sort the answers according to degree
of importance both for the companies and experts.
Research results presented in final report, t.i., in
this paper, include the answers that belong to categories “very important” and “important”. The
category “other” was neglected.
4. Model explanation
This part of the paper presents a model of customer relationship management concept application for providing satisfaction of a company’s customers, which is derived from theoretic research,
but whose justifiability has been proved by a research of attitudes of companies and experts from
Bosnia and Hercegovina.
The model is grafically presented at the end of
the paper in the Figure 1.
4.1. The fundamental function
The fundamental function of the model is customer relationship management concept application for providing satisfaction of a company’s
customers. By implementing this model it is provided harmonization of the fundamental function
with concepts and criteria of business excellence,
as well as with marketing requirements as to customers’ satisfaction and also requirements of ISO
9000:2000 series of standards. However, all requirements and interests of suppliers and others
stakeholders have to be respected.
4.2. The composition
The explanations elements of customer relationship management model are mentioned bellow. Composition presentation is supported by additional explanations and statistic indicators which
justify the model and its elements (components).
2010
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Figure 1: The model of customer relationship management concept application according to Bosnia
and Herzegovina economy requirements
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- Customer relationship management strategy
Customer relationship management is admittedly a complex task, but by adopting a strategic
approach, organizations should be able to realize
the huge benefits of effective customer relationship management and make progress on the journey towards achieving excellence in customer
management.
Customer relationship management must not
be limited to one single project that becomes forgotten soon after the implementation. On the contrary, the success in this field may be guaranteed
only through comprehensive strategy.
The purpose of existence of every company
is profitability, which is achieved through certain
level of income. Costumers’ satisfaction is moving force in the efforts to achieve profit. These are
key elements for setting up company’s customer
relationship management strategy. Therefore, in
the very beginning of a model, its first input element is customer relationship management strategy of a company.
Customers Relationship Management is strategy that connects potential of information technology with strategies of relationship marketing
in order to deliver profitable, long-term relations
between a company and its customers.7
- Conditions of customer relationship
management strategy
In the process of application of customer relationship management concept, every company
should unconditionally respect certain strategic
conditions. They consist of ten key moments:
–– achievement of consensus about customers
problem area relations,
–– calculation of investment value related to
expected return,
–– compilation of detailed plan of implementation,
–– taking into considerations the demands of
employees,
7

Stojkovic, D. (2008): Customer Relationship
Management (CRM) - business strategy, components,
needs and process, in: Technique, No. 4, AETI of Serbia,
Belgrade, ISSN 0040-2176, p 19-26.
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–– removal of parts of the processes that
overlap or duplicate,
–– establishment of cooperation between
technology and users’ departments,
–– care about data accuracy,
–– education and training of employees,
–– facilitation of cooperation between involved
users’ departments,
–– persisting on creativeness during the creation of new services.
The source of seven out of ten of those moments (remaining three are standard part of every
re-engineering procedure) that are of key importance for the success of implementation procedure
of customer relationship management strategy
into business process of a company is the study
of Gartner Company that points out hundreds of
failed customer relationship management initiatives. Nelson and Kirkby8 consider that they have
recognised seven key reasons that are “usually
suspected” for the failure.
- Compilation of database
Database represents the foundation of a customer relationship management solution. In an
ideal case, database should contain:
–– Transactions: Include complete data
regarding past deliveries, like: price,
quantity, ordering date and the data and way
of the delivery.
–– Contacts with customers: All data about
customers and contacts with them should
be included. That includes not only the data
about orders and complaints, but also all
initiated contacts with customers regardless
to whether those were initiated by a customer
or a company.
–– Descriptive information: Add information
about every data that could not be included
in the very meaning of the data. This is
necessary for additional data analysis.
–– Reactions to marketing initiatives: These
information should contain the data about
8

Nelson, S./Kirkby, J. (2001): Seven key reasons why
CRM fails, in: Gartner Viewpoint, http://colevalley.com/
clients/
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whether, when and in what way customers
reacted to marketing initiatives, as well as
sales contacts and any other kind of direct
contacts.
(Additional explanations related to compilation of database – in the model, as well as accompanying statistic data are given in Appendix 1. of
this paper.)
- Analysis of database
Databases by tradition used to be analysed in
order to define data segments. Various statistical
methods have been used to determine groups of
customers who have similar habits and characteristics, and then the data that which should be used
for development of various product offers or for
marketing campaigns have been described. This
approach is not suitable for customer relationship
management and was often criticised. New marketing tools allowed focusing to very small segment of users, which is presented in the literature
as “one to one marketing”. In this way the need
for complex and big data analysis is reduced (for
instance, women between 30 and 36 years of age)
and it allows influence to a single customer with
properly made messages. Much more efficient
satisfaction of target customers is achieved in this
way, and costs are reduced. Basically, much bigger attention is paid to the data rows that contain
information about customers’ individualities.
- Selection of customer
Based on information from database and analysis of data, it has to be determined who are the customers who deserve engagement of the company.
If the selection is directed toward products delivery
and similar behaviour (biggest number of orders,
big loyalty to the trademark) then the customers
with the best characteristics will be first target of
a keeping programme. Selection criteria will be
determined based on current business strategy and
goals. Marketing managers can use various criteria
in order to determine what customers are profitable,
or soon to become profitable. The aim is, by using
2010

profitability analysis, to separate customers who
will allow longer lasting profit from those who will
not make any. That will allow focusing of activities
to those customers who deserve it.
- Orientation to target customer
There has to be improvement made in this
segment, from the traditional approach in which
mass advertising is dominant marketing activity.
Regardless to the fact that mass-advertising (TV,
radio, printed advertising) form awareness about
the product, those are not suitable for implementation inside customer relationship management.
Therefore it must be provided that the company
starts the dialogue with the user more through direct approach than through mass media. It is necessary to use Internet for that purpose as powerful tool that will provide monitoring of customers
habits and multitude of other valuable information
about their character. It has to be remembered that
Internet is the only media that allows exact monitoring of communication and relationship with the
customer. Apart from that, when it comes to cost
effectiveness, this is the most efficient media.
- Business excellence
Achievement of business excellence in global
market creates preconditions for long-term growth
and development of a company through satisfaction
of all social segments – customers, partners, employees, owners, state administration, public, etc.
Concepts and criteria of business excellence
are important and applicable in definition of policy, goals, tasks and activities, in other words company’s business operation in general.
Apart from series of standards ISO 9000, during the definition of policy, goals and tasks or
processes the management should pay attention to
concepts and criteria of business excellence. During reconsideration procedure the management
should pay attention to criteria of business excellence built into business operation. (Additional
explanations related to business excellence – in
the model, as well as accompanying statistic data
are given in Appendix 2. of this paper.)
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Fundamental concepts of business excellence
are: results orientation, customer focus, leadership, management by processes and facts, people
development and involvement, continuous learning, innovation and improvement, partnership development and corporate social responsibility. Criteria of business excellence are the base for selfevaluation, with the intention to estimate “grownup phase” that the company is currently in, and to
focus on the problems of further improvement of
business operation of the organisation.
The criteria of business excellence are:9 leadership, policy and strategy, people – management of
employees, partnership and resources, processes,
customer results – customer satisfaction, people results – employees satisfaction, society results – the
influence on society and key performance results.
- Requirements, directives and guidelines
of the series of standards ISO 9000
The standard ISO 9001:2000 is used as the base
for description and explanation of this element. As
far as management responsibility is concerned,
apart from one determined by the standard, the
management should pay attention to fulfil 10 key
moments of customer relationship management
strategy, during the definition of policy, goals
and planning and realisation of the process. (Explained in the element of the model - Conditions
of customer relationship management strategy.)
During the reconsideration phase the management
should pay attention to those moments. (Additional explanations related to conditions of customer
relationship management strategy in the model, as
well as accompanying statistic data are given in
Appendix 1. of this paper.)
During the definition of policy, goals, tasks
and planning and realisation of processes, apart of
those defined in ISO 9000 series, the management
must pay attention to input elements of relationship marketing concept.
It has to be assured that exit elements of customer relationship management concept are those that
are especially monitored measured and analysed.
9 EFQM (ed.) (2002): EFQM - The Fundamental Concepts
of Excellence, Brussels, http://excellenceone.efqm.org
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During reconsidering procedure, the management should pay attention to exit elements of
customer relationship management concept. (Additional explanations related to elements of relationship marketing and customer relationship management in the model, as well as accompanying
statistic data are given in Appendix 3. of this paper.)
Among the four customer-centric perspectives
for evaluation of effectiveness of customer relationship management, the customer satisfaction
perspective is the most important one, because
customer satisfaction is directly linked to a company’s profit.10
Special attention has to be paid to measurement
of customers’ satisfaction, that is to harmonisation between customers’ demands with what is
achieved in the end model. Related to that, monitoring and measurement include methods, techniques and activities that must be performed by
the organisation in order to monitor and measure
customers’ satisfaction – information about customer observation about how much the organisation fulfilled its requests.
Methods, techniques and activities appropriate
for getting this information are:11
a. Observing;
b. Interviewing customers by: personal
interview, postal interview, e-mail interview,
anonymous interview on larger sample
when interviewer is present and telephone
interview,
c. Solving complaints;
d. Monitoring of proposals for improvement
(products/services) suggested by customers;
e. Solving complaints on products;
f. Monitoring of products “behavior” during
usage (defects).
Tools (methods and techniques) suitable for
collection, displaying, processing and usage of
these information are: list for data collection,
statistical methods and tools in general (i.e. his10 Jonghyeok, K./Euiho, S./Hyunseok, H. (2003): A model
for evaluating the effectiveness of CRM using the
balanced scorecard, in: Journal of Interactive Marketing
17, p. 5-19.
11 Adapted on base of: Hanic, H. (1997): Marketing
Research, Faculty of Economics in Belgrade, Belgrade,
p. 52.
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togram, Pareto diagram...), diagram of cause and
consequence (Ishikawa diagram) and QFD.12
During data analysis the organisation can apply some of the models of customers’ satisfaction
measurement, like: Kano model or model of appreciate of innovation and SERVQUAL model for
services.13 (Additional explanations related to measurement and analysis of customers’ satisfaction
in the model, as well as accompanying statistic
data are given in Appendix 4. of this paper.)

- Issues of data confidentiality
Since information about customers and their
behaviour is the base of customer relationship
management concept, it can cause problems in
legislation field due to improper usage of customers’ data. Such solutions have to be achieved in
consultations with legal experts, which will prevent any possibility of information abuse. Thus
way, the confidentiality of collected data must be
insured.

- Relationship marketing
Input components of efficient relationship marketing are:14 understanding customers expectations, building service partnerships, empowering
employees and total quality management, which
also include evaluation of customer satisfaction.
Efficiently set relationship marketing will lead
toward positive results, which at the same time
represent exit elements of model of application
of customer relationship management concept described in this article: quality product, customer
satisfaction (effects: complaints, recommendations, re-buying), customer loyalty and increased
profitability (also one of the key indicators of business results in the business excellence model).
Customers satisfaction – the key goal of relationship marketing is the increase of satisfaction,
in other words satisfied customer is the one who
apart from the product, service or system, receives
significant additional value from the supplier.
12 Adapted on the base of: Stoiljkovic, V./Uzunovic, R./
Majstorovic, V. and others (1995): Quality Tools, CIM
College and Mechanical Engineering Faculty in Nis,
Nis.
13 Adapted on the base of two sources: Bozorgi, M.
(2006): Measuring service quality in the airline using
SERVQUAL Model (Case of IAA) - Master Thesis,
Lulea University of Technology, Continuation Courses
Marketing and e-commerce, Lulea.
		Mont, О./Plepys, А. (2003): Customer satisfaction:
review of literature and application to the productservice systems, in: Final report to the Society for NonTraditional Technology, Japan, International Institute
for Industrial Environmental Economics at Lund
University, Lund, Sweden.
14 Evans, J./Laskin, R. (1994): The Relationship Marketing
Process: A Conceptualization and Application, in:
Industrial Marketing Management 23, p. 439-452.
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- Evaluation of customer relationship
management
As yet, there is no universally recognized system for measuring the success of customer relationship management. This is partly due to the
fact that every customer relationship management
programme is unique and cannot be judged identically and partly because formalized customer
relationship management is a relatively new discipline.15
In the version of standards ISO 9001:2000,
which is based on eight management principles,
first principle is organisation oriented toward the
customer. In accordance to this, there is the demand that organisations who implemented standard ISO 9000, or intend to implements it, must
perform constant analysis of customers satisfaction in relation to products and services of the organisation. The key goal of customer relationship
management concept application in a company
should be achievement and understanding of optimal level of customers’ satisfaction. In order to
constantly improve business quality, special attention has to be paid to the measurement of customers’ satisfaction.
The organisation must undertake certain activities in order to monitor and measure customers’
satisfaction – information about customer’s observation regarding how much the company fulfilled
its demands. Methods, techniques and procedures
suitable for acquisition as well as tools suitable
for collection, displaying, processing and usage of
15

Payne, A. (2005): Handbook of CRM: Achieving
Excellence in Customer Management, Elsevier, UK,
Oxford, p. 285.
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those, are stated in the description of element of
the model - Requirements, directives and guidelines of the series of standards ISO 9000.
Through the data analysis the organisation establishes, collects and analyses appropriate data,
collected as the result of monitoring and measuring, and from other relevant sources, in order to
show favour ability and effectiveness of customer
relationship management and to evaluate possibilities for its constant increase of effectiveness.
During the data analysis the organisation can
apply some of the models of costumer satisfaction
measurement stated in the description of element
of the model - Requirements, directives and guidelines of the series of standards ISO 9000.
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5. Conclusions
Customers’ satisfaction is a global phenomenon, and its achievement is the imperative of modern market. The key goal of an organisation has
to be achievement and understanding of optimal
level of customers’ satisfaction and can be realised
through application of customer relationship management concept.
Efficient application of customer relationship
management concept increases satisfaction and
builds loyalty of customers, which at the same
time results in improvement of business quality of
the organisation. In order to continually improve
business quality through application of customer
relationship management concept, special attention has to be paid to customers’ satisfaction measurement
Model of application of customer relationship
management concept, presented in this paper,
which improves business quality of a company is
harmonised with marketing demands regarding
customers’ satisfaction, concepts and criteria of
business excellence and requirements, directives
and guidelines of the series of standards ISO 9000.
As such, and based on research results is harmonised with specific qualities and needs of production and service organisations that perform business in Bosnia and Herzegovina, from one side,
and expert opinions from the fields of marketing
and/or quality, from another side.
The model offers appropriate solution for
improvement of business quality of a company,
especially those from the countries in transition.
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Appendix 1.
Having been asked to say if they compiled database of customers while implementing customer
relationship management concept, the majority of
the interviewed or 70 (94,6%) out of 74 (90,2%)
from the companies and 26 (89,7%) out of 29
(82,9%) of experts gave positive answer (Table
1). Тhat shows readiness of the organizations to
compile customer relationship management databases, as well as importance which the experts
give to this issue.
The most significant data for both companies
and experts are: contacts with customers and transactions and the least significant is descriptive information.
Asked to evaluate the importance that should be
paid to the conditions of customer relationship management while defining policy, objectives and tasks
in the organization, 72 (92,3%) (out of 78 (95,1%))
the interviewed in companies, or 31 (91,2%) (out
of 34 (97,1%)) experts gave the answers which are

showed, comparably, in the Table 2. (In the survey,
the significance scale with five levels was used
(grade): 1-particularly weak, 2-weak, 3-satisfying,
4-significant, 5-particularly significant.)
All the conditions were evaluated as significant
(the lowest grade was given to removal of parts
of the processes that overlap or duplicate by the
companies 3,67).
Table 3, included the companies and experts’
grades, shows how important it is to take care
about the conditions of Customer relationship management by the leading management in management review. Affirmative answer gave 70 (92,1%)
out of 76 (92,7%) companies and 32 (97,0%) out
of 33 (94,3%) experts.
High average grade of significance paid to the
conditions of Customer relationship management
was noticed, in other words, they were evaluated
as significant (the lowest grade was given to removal of parts of the processes that overlap or duplicate by the companies 3,77).

Table 1. Comparative survey of stored data in customer relationship management databases
Data in Customer Relationship Management database
Transactions
Contacts with customers
Descriptive information
Reactions to marketing initiatives

Companies
39 (23,8%)
53 (32,3%)
33 (20,1%)
39 (23,8%)

Experts
15 (25,9%)
18 (31,0%)
12 (20,7%)
13 (22,4%)

Table 2. Comparative survey of average significance grade that should be paid to the conditions of
Customer relationship management at defining policy, objectives and tasks in the organization
Conditions
of Customer relationship management
Achievement of consensus about customers problem area relations
Calculation of investment value related to expected return
Compilation of detailed plan of implementation
Taking into considerations the demands of employees
Removal of parts of the processes that overlap or duplicate
Establishment of cooperation between technology and users’
departments
Facilitation of cooperation between involved users’ departments
Care about data accuracy
Education and training of employees
Persisting on creativeness during the creation of new services
118

Average grade of Average grade of
the companies
the experts
4,04
4,00
4,02
4,00
3,67

4,12
4,03
4,17
3,89
4,06

3,72

4,14

4,03
3,97
4,22
3,96

4,21
4,18
4,38
4,12
2010
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Таble 3. Comparative survey of the average significance grade paid, and which should be paid to the
conditions of Customer relationship management at management review by the leading management
Conditions
of Customer relationship management

Average grade of Average grade of
the companies
the experts

Achievement of consensus about customers problem area relations

4,26

4,21

Calculation of investment value related to expected return

3,87

4,13

Compilation of detailed plan of implementation

3,93

4,07

Taking into considerations the demands of employees

3,92

3,99

Removal of parts of the processes that overlap or duplicate

3,77

3,90

Establishment of cooperation between technology and users’
departments

3,82

3,97

Facilitation of cooperation between involved users’ departments

3,88

4,25

Care about data accuracy

3,90

4,19

Education and training of employees

4,29

4,18

Persisting on creativeness during the creation of new services

4,06

4,23

Appendix 2.
Asked to evaluate the importance that should
be paid to the concepts of business excellence
while defining policy, objectives and tasks in the
organization, 65 (85,5%) (out of 76 (92,7%)) the
interviewed in companies, or 32 (94,1%) (out of
34 (97,1%)) experts gave the answers. (In the
survey, the significance scale with five levels was
used (grade): 1-particularly weak, 2-weak, 3-satisfying, 4-significant, 5-particularly significant.) All
the concepts were evaluated as significant or particularly significant (the lowest grade was given to
management by processes and facts by the companies 3,61).
Having been asked to evaluate significance
paid, or the one which should be paid to criteria of
business excellence at defining policy, objectives
and tasks in the organization, the interviewed (61
(85,9%) out of 71 (86,6%)) in companies, and experts (30 (90,9%) out of 33 (94,3%)) evaluated
the criteria and their application as significant.
Table 4, included the companies and experts’
grades, shows how important it is to take care about
the criteria of business excellence by the leading
management in management review. Affirmative
answer gave 64 (85,3%) out of 75 (91,5%) companies and 31 (93,9%) out of 33 (94,3%) experts.
2010

Here, statistically significant difference was noticed in the answers of the different-type companies (p = 0,047<0,05) and the grades are showed
separately (Table 5). High average grade of significance paid to the criteria of business excellence
was noticed, in other words, they were evaluated
as significant (the lowest grade was given to leadership by the companies 3,60).
It is interesting that a particular significance is
paid to the concepts and criteria which are directly
oriented towards customers (the lowest average
grade is 4,13); that shows readiness of the organization to devote themselves to their customers, as
well as importance which the experts give to this
question.

Appendix 3.
Both companies (79 (96,3%) answered the
question) and experts (31 (88,6%) of the interviewed) consider significant or satisfying input
elements of relationship marketing concept,
especially in the sphere of planning. (In the survey, the significance scale with five levels was
used (grade): 1-particularly weak, 2-weak, 3-satisfying, 4-significant, 5-particularly significant.)
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Таble 4. Comparative survey of the average significance grade paid, and which should be paid to the
criteria of business excellence at management review by the leading management
Criteria
of business excellence

Average grade of the interviewed in companies
1

2

3

Average grade of
the experts

Leadership

3,76

3,46

3,59

3,85

Policy and Strategy

3,87

4,14

4,01

4,14

People

4,05

3,74

3,60

4,05

Partnership and Resources

3,99

4,03

3,87

4,09

Processes

4,12

3,87

3,77

4,23

Customer Results

4,47

4,05

4,01

4,13

People Results

4,07

3,48

3,54

3,98

Society Results

3,83

3,55

3,61

3,79

Key Performance Results

4,22

4,02

4,01

4,15

Таble 5. Single factor anova procedure results
Anova: Single Factor
Summary
Groups
Count
(companies)
9
1- Micro and small
9
2- Medium
9
3- Big

Sum

Average

Variance

36,38
34,34
34,01

4,042222
3,815556
3,778889

0,047319
0,070778
0,040236

Sum of
Squares

degree of
freedom (df)

Mean
Square

F
statistik

0,3662
1,266667
1,632867

2
24
26

0,1831
0,052778

3,469263

Anova
Source of
Variation
Between Groups
Within Groups
Total

P-value
0,047483

F crit
3,402832

Тable 6: Comparative survey of average significance grade of output elements in Customer relationship management concept
Output elements of Customer relationship
management concept

Average grades of
the companies

Average grades of
the experts

Quality Product

4,31

3,93

Customer Satisfaction (effects: complaints,
recommendations, re-buying)

4,43

4,29

Customer Loyalty
Increased Profitability

4,01
4,20

4,19
4,02

Comparative survey of the average grades which the interviewed used to evaluate the significance of output elements of Customer relationship
management, especially in the sphere of planning
is given in the Table 6.
120

It should be emphasized that all the elements
were evaluated as significant both by companies
(81 (98,8%) answered the question) and by experts (33 (94,3%) of the interviewed).
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Appendix 4.
Methods and activities for research of attitudes are acceptable, in opinion of companies and
experts, and they should be applied in monitoring
and measuring of customers’ satisfaction – they
are showed in comparative survey (Table 7).
Methods and activities that are of particular
importance are the activities used in solving complaints and solving complaints on products. That
shows readiness of the organizations to be fully
customer-focused. While trying to provide product of top class, not only they should efficiently
respond to customers’ compliants, but also to actively search for them, while providing maximum
possibilities to costumers to lodge their complaints.
Having been asked to say if they used tools
(methods and techniques) suitable for collection,
displaying, processing and usage of information
about customers’ satisfaction, the majority of the
interviewed or 64 (95,5%) out of 67 (81,7%)
from the companies and 25 (89,3%) out of 28
(80,0%) of experts gave positive answer (Table
8). Тhat shows readiness of the organizations to
use tools, as well as importance which the experts
give to this issue.

The most significant tools for both companies
and experts are: statistical methods and tools in
general (i.e. histogram, Pareto diagram...) and list
for data collection and the least significant is QFD.
Having been asked to say if they use models
suitable for customers’ satisfaction measurement,
the majority of the interviewed or 63 (90,0%)
out of 70 (85,4%) from the companies and 28
(90,3%) out of 31 (88,6%) of experts gave positive answers (Table 9).
Тhat shows readiness of the organizations to
use models, as well as importance which the experts give to this issue. The most significant model
for both companies and experts is SERVQUAL
model and the least significant is model of appreciate of innovation.

Table 7. Comparative survey of methods and activities for monitoring and measuring of customers’
satisfaction
Offered methods and activities

Measuring of Satisfaction
Companies

Experts

(a)

Observing

13 (4,5%)

7 (6,2%)

(b)

Interviewing customers

38 (13,1%)

15 (13,3%)

(b)1

personal interview

17 (5,9%)

12 (10,6%)

(b)2

postal interview

16 (5,5%)

5 (4,4%)

(b)3

e-mail interview

19 (6,6%)

7 (6,2%)

(b)4

anonymous interview on larger sample when interviewer is present

15 (5,2%)

10 (8,8%)

(b)5

telephone interview

10 (3,4%)

6 (5,3%)

(d)

Solving complaints

54 (18,6%)

14 (12,4%)

(e)

Monitoring of proposals for improvement (products/services)
suggested by customers

32 (11,0%)

12 (10,6%)

(f)

Solving complaints on products

47 (16,2%)

15 (13,3%)

(g)

Monitoring of products “behavior” during usage (defects)

29 (10,0%)

10 (8,8%)
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Table 8. Comparative survey of tools (methods and techniques) suitable for collection, displaying,
processing and usage of information about customers’ satisfaction
Tools (methods and techniques)
List for data collection
Statistical methods and tools in general

(i.e. histogram, Pareto diagram...)

Diagram of cause and consequence (Ishikawa diagram)
QFD

Companies

Experts

17 (21,8%)

19 (27,1%)

43 (55,1%)

32 (45,7%)

12 (15,4%)

15 (21,4%)

6 (7,7%)

4 (5,7%)

Table 9. Comparative survey of models for customers’ satisfaction measurement
Models of customers’ satisfaction measurement

Companies

Experts

Kano model

31 (37,3%)

16 (39,0%)

Model of appreciate of innovation

13 (15,7%)

10 (24,4%)

SERVQUAL model

39 (47,0%)

15 (36,6%)
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for usage justification of
combined relative to
continuod transport
Tehno ekonomska analiza opravdanosti
primjene kombinovanog u odnosu na
kontinuirani transport
A. Brigic1, A Softic1, R. Kovacevic1, E. Lacic1, Dz. Kudumovic2
1
2

Coal of Mine “Banovici”, d.d. Banovici, Bosnia and Hercegovina
Faculty of Mechanical Engineering, University of Tuzla, Bosnia and Herzegovina

Abstract
In efforts to optimize economical parameters of
transport, it is necessary to perform an analysis of
various types of transport, and to choose the most
optimal.
With permanent increase of open pit’s depth,
extent of transporting masses, transport length,
price of powering energy and need for bigger
quantities of mineral materials, there comes to an
increase of transport role which essentially affects
the indicators of pit’s operation in whole.
This work embraces one segment of problem
that comes up at transport on open pits.
Lately, most of the designs are made with combined schemes of transport with several transport
types in one line and mutual transfer of transported masses.
Key words: open pit, analysis, truck transport,
conveyer transport.
Sažetak
U nastojanju da se ekonomski parametri transporta optimiziraju neobhodno je vršiti analizu različitih
vidova transporta, te odabir najoptimalnijih.
2010

Sa stalnim porastom dubine površinskih kopova, obima masa za prevoz, dužine transportovanja,
cijene pogonske energije i potrebom za sve većim
količinama mineralnih sirovina raste i uloga transporta, koja bitno utiče na pokazatelje rada kopa u
cjelini.
Ovaj rad obuhvata jedan segment problematike
koja prati transport na površinskim kopovima.
U novije vrijeme uglavnom se projektuju
kombinovane šeme transporta sa nekoliko vrsta
transporta u jednoj liniji i međusobnom predajom
transportovane mase.
Ključne riječi: površinski kop, analiza, kamionski transport, trakasti transport
Introduction
Material transport substantially predisposes the
efficiency, economy and productivity of open (surface) pit. Considering a constant increase of open
pits’ depths, it complicates the schemes of transport communications, organization and managing,
which requires a transition to automated systems.
Selection and estimate of transport type is performed according to mining- geological, miningtechnical and natural factors with technical-eco123
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nomical effectuality evaluation of each or several
transport types (in combined transport).
At open pits designing, usually two groups of
transporting schemes are considered:
–– Schemes with one transport type and
–– Schemes with more transport modes.
Combination of truck-railroad and truck-conveyer transport is particularly perspective. Correlation of work processes, drilling, blasting, dredging, transport and disposal, cause the correlation
of mining-transporting equipment that depends on
applied technological transport scheme.
Concerning the fact, that in the Mines in B&H
there was exploitation of shallow deposits of mineral material, the applied truck-transport needs to be
substituted with economically acceptable and technically adjusted conditions of open pit, from aspect
of profitable ore exploitation from deeper deposits.
From the above mentioned, there is a need for
techno-economical analysis of parameters for various transport types. In this work, the correlation
of trucks and combined, truck-conveyer transport
was performed.
Goal of this work is reflected in asserting a work
hypothesis: “By use of combined truck-conveyer
transport instead of continued, truck transport”,
in conditions of Mine “Surface Coal Exploitation”, brings the better economic arguments and
an increase of transport productivity by simplified
schemes of transporting routs.
For each technological scheme, it is established:
–– quantitative and qualitative interdependency
between transport and other work processes
and its equipment,
–– rational relation of transport and other
equipment in technological line.
Influential factors to the transport selection
Influential factors to selection of transport type
and technological transport scheme can be classified in three groups.
The first group consists of mining-technical,
geological, hydro geological, geomorphic, climate
and other specific characteristics and conditions of
exploitation.
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These factors do not depend on transport type
and have a purpose, mainly, in first stage of designing (projecting) when we select possible transport
types and determine indicators and parameters for
comparison (opening, sequence and stages of exploitation, regime of mining works, investing in
waste rock removing).
The second group of influential factors consists
of data on technical equipment, exploiting parameters of equipment and perspective of technical
progress of possible transport variants. The influence of these factors is calculated, mainly, in the
second stage of designing, when we perform selection of optimal parameters by considered transport variants and estimate of equipment amount
by exploitation years.
The third group of influential factors consists
of indicators of technical-economical analysis and
comparative evaluation of effectiveness for considered variants. An estimate of effectiveness of
technological scheme variants and transport parameters is done in two cases:
1. at transport selection for new open pit and
2. at transport selection for transport reconstruction of an active open pit.
Basic goal at the first stage of designing is a
selection of possible transport variants, whish is
tightly connected to open pit’s geometrical analysis, opening, regime of mining works, geographic
location, climate,…etc.
After the selection of possible transport variants, for each variant we calculate input data of influential factors and then we calculate the optimal
parameters of technological schemes (dredging,
transport and disposal) and amount of equipment
by exploitation years, as well as investing and exploiting costs (second phase of designing). In third
phase, at the end, we evaluate variants effectiveness by investing and exploiting costs with influence of technical process and select the optimal
variant.
At transport reconstruction on open pit, difference is that there is a smaller number of possible
variants, because it is usually a case of transfer
to combined transport, and complete change of
transport type usually indicates as economically
unjustified.
2010

technics technologies education management

Rational application of different transport
types
Rational application of different transport
types, for experimental open pit “Grivice” and periods of transfer from one transport type to another
can be established by modeling, apropos technical-economic analysis of cost price of waste dirt
and mineral raw material depending on the depth
of open pit in variants.
By modeling and calculations of several transport types in practice, there are proved regularities
of change of one m3 of transport cost price depending on open pit’s depth.
In all cases of application of truck-conveyer
transport, trucks operate on limited lengths of
mining work fronts, narrow digging sites, higher
gradinent in loaded trucks’ direction, changeable
dredging blocks with frequent change of digging
site,...etc.
Selection of optimization period
Work indicators of transport and technical processes continually change in time, in accordance
to technical progress and geometry appliance and
elements of open pit. Changes of these parameters
for different transport types on open pit are different.
Regarding this, in order to get a better evaluation of variants efficiency, it is necessary to consider characteristic indicators for each variant as
follows: investments and exploitation costs in certain period called optimization period. Duration of
optimization period (To) can be determined by the
formula [L1]:

T = Tpr + Tiz + Tosv + Tn.e. ................. (1)
o
Tpr		 – designing period (1,5 - 2) years.,
Tiz		 – open pit’s building period (3-5) years.,
Tosv – period of achieving of the designed pit
capacity, from production start to moment
of maximum capacity in ore and waste
production (2–5) years.
Tn.e. – period of normal exploitation (7 and
more years).
2010

Calculation of costs for truck and combined
truck-conveyer transport
Application of software programs enables an
analysis of combining of techno-economical parameters of transport systems that could be used
on designated pit.
For analysis of this task solution, there is an algorithm listed for calculation of basic parameters
of truck transport (picture 1) [L3].
For algorithm realization, we need data that can
be arranged in four groups:
1. data that characterize mining-technical
conditions of transport operation:
– pit’s depth and height of floors (given by
the plan of mining works),
– volume of overall masses and waste dirt
coefficient (set in accordance with mininggeological characteristics of deposit),
– productive capacity of open pit by
excavation types (set in accordance with
calendar plan of waste removal and coal
getting),
– transport lengths in pit and on surface
to the reloading (trans-shipping) points,
processing capacities and landfills,
– frequency of routs rearrangement in pit
and at landfill.
2. Second group of data consists of technical
characteristics for applied loading, transport
and dumping equipment.
3. Third group is consisted of data related to
work regime of open pit and transport. In
this are:
– Number of annual working days in open
pit, number of daily shifts
– coefficient of time exploitation during
a shift (effective time), unsteadiness of
pit’s and transport work (operation).
4. Fourth group of data consists of cost price
indicators for calculation of investments and
exploitation costs.
The most suitable variant for a certain type of
transport is determined based on minimum costs.
In order to find an optimal solution for truck
transport and its comparison with other transport
types, and for more detailed technical-economical
comparing, it is necessary to obtain data about:
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–– Type and number of trucks,
–– Type and capacity of excavators (volume of
the scoop (shovel)),
–– Rout gradient for dump trucks,
–– Investing and exploiting costs by variants
–– Summary costs.
At calculation of exploitation costs of combined
transport truck-conveyer, an addition of costs takes
place, such as exploitation costs of rock mass transport by dump trucks, costs of truck routs mainte-

nance, costs of crushing facility and costs of conveyer and disposal device maintenance.
Total investment costs are sum of investment for
dump trucks purchase, then investments for repair
workshops, building of truck routs, then for supply
and maintenance of excavators, for bulldozers procurement, for purchase of crushing facility, transporting conveyers, disposal device and others.
Pictures (1) and (2) [L1] show the sequence of
selection of optimal parameters of truck, that is,
truck-conveyer transport.

Picture 1. Algorithm for calculation of basic parameters of truck transport
126
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Where:
1. Length of permanent rout,
2. Ponder value of excavators distance on
floors, to routs in pit
3. Rout’s length in pit,
4. Rout’s length from the permanent rout to the
disposal point,
5. Overall length of the rout,
6. Trucks driving speed,
7. Truck’s capacity under an X- excavator,
8. Pondered truck’s production in shifts,
9. Annual exploitation costs for transport of
rock mass,
10. Working number of trucks,
11. Inventory (number of trucks by list) number
of trucks,
12. Investing costs for purchase of the trucks,
13. Investing costs for construction of garages
and mechanical workshops,
14. Park of working excavators,
15. Number of excavators by list,
16. Investing costs for purchase of excavators,
17. Sum investment of costs,
18. Sum exploitation costs,
19. Total costs.
Cost analysis of truck and combined truckconveyer transport on O.P. “Grivice”

–– 1 excavator
(M – 201)
3
m – loading time 1,4 min.
–– 1 excavator
(PH – 1900)
– loading time 5,1 min.
–– 1 excavator
(EKG – 8)
– loading time 6,1 min.

E1

=

21

E2 = 9 m3
E3 = 8 m3

Waste rock transport is done by trucks TEREX
MT 3600 B, WABCO 170 D, BELAZ, and UNITRIG (Mark-36).
The value of exploitation costs of conveyer
transport is a sum of exploitation costs for crushers, conveyer and disposal device[L2]. In total
value, participation of crusher costs is 20 %, conveyers 60 5 and disposal device 20 %.
Overall costs of truck and combined transport
(truck-conveyer) are shown in table 1 and diagram
1.
			
			

Diagram 1.

Optimization period, in which the costs of
truck and combined transport, truck-conveyer is
analyzed, is eight years.
Start data is:
A = 30 m – annual progress of front’s works
Loading of masses on open pit is performed by
excavators with shovel volume as follows:
Table 1
Time period
T (god)
1
2
3
4
5
6
7
8
2010

Transport length
L (m)
2080
2360
2580
2850
3130
3340
3610
3850

Truck transport costs
Si (KM/m3)
2,75
3,11
3,4
3,74
4,11
4,37
4,72
5,03

Combined transport costs
Si (KM/m3)
3,4
3,57
3,68
3,86
4
4,14
4,32
4,45
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Picture 2. Sequence of selection of optimal truck transport parameters
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Picture 3. Sequence of selection of optimal parameters of truck-conveyer transport
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Conclusion
By analysis of truck and combined transport,
in optimization period of eight years, it is possible
to bring a conclusion that the optimal moment
for transfer to combined transport is at the end of
fourth year.
Before this moment, the costs of combined
transport are higher due to investments for conveying transporters, crushers and disposal device.
At the end of fourth year, the costs of truck
and combined transport equalize, and during the
following years of exploitation, the costs of truck
transport rise significantly faster comparing to the
costs of combined transport.
With datum on speed of deepening of OP
“Grivice”, which is hg = 12 m/year, it is possible
to approximately determine the depth at which is
rational to substitute existing truck transport of
waste rock with the combined transport.
Analyzing the given parameters, tabular presented in this work, it is possible to prove higher
productivity of truck-conveyer comparing to truck
transport, which confirms technical and economical justification for involvement of new, proposed
transport mode.
Therefore, on experimental example of O.P
“Grivice”, on which 800 million m3 of rock mass
(r.m) must be hauled, the combined truck-conveyer transport will pay of multiply, which confirms
the presented hypothesis of work.
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Abstract
Financial market in Serbia has been significantly expanded in the last nine years. In the year
2008 there are 34 banks and neither one of them
is standing out as the market leader especially
when it comes to the retail market. It is obvious
that there is enough space for further expansion of
Serbian banking sector. Market share will be the
one of the main goals of competition and in the
following years the toughest competition among
banks will be on the field of retail banking sector.
Region of Vojvodina and city of Belgrade are the
most developed regions in Serbia, especially when
it comes to the development of financial markets.
In the January 2008 the survey was conducted
and empirical data were gathered about customers
preferences of different banks on the retail market in the region of Vojvodina. With use of MDS
analysis the retail banking sector in Vojvodina is
presented in 3D and 2D MDS spaces. Multidimensional scaling (MDS) belongs to the group of
multivariate statistical methods and it is very efficient tool for visual representation of objects and
their distances. The main conclusions are that the
best positions on the market have the Raifeissen
bank, Banca Intesa and Komercijalna Banka. The
first dimension in MDS space can be interpreted
as the level of client’s wages, the second as the
2010

number of bank branches, and the third one as the
orientation of banks to the retail costumers.
Key Words: MDS (Multidimensional Scaling), Banks, Retail Financial Market, Vojvodina
Sažetak
Finansijsko tržište u Sbiji je u u toku poslednjih
devet godina značajno prošireno. U 2008 postojale su 34 banke i nijedna od njih se nije izdvajala
kao tržišno vodeća posebno kada je reč o tržištu
pružanja usluga na malo. Očigledno je da ima
još prostora za dalje širenje bankarskog sektora.
Tržišni udeo će biti jedan od glavnih konkurentnih
ciljeva i narednih godina i najjača konkurencija
među bankama biće na polju bankarskog sektora
pružanja usluga na malo. Region Vojvodine i grada
Beograda su najrazvijeniji regioni u Srbiji pogotovo kada je reč o razvoju finansijskog tržišta. U januaru 2008 sprovedeno je istraživanje i istraživački
podaci su sakupljeni o preferencijama klijenata
kada je reč o različitim bankama na tržištu pružanja
usluga na malo u regionu Vojvodine. Uz pomoć
MDS analize bankarski sektor pružanja usluga na
malo u Vojvodini je predstavljen u 3D i 2D MDS
prostoru. Multidimenzionalna skala (MDS) pripada grupi raznovrsnih statističkih metoda i veoma
je efikasno sredstvo za vizuelno predstavljenje
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objekata i njihovih razdaljina. Glavni zaključci su
da najbolje pozicije zauzimaju Raifeissen banka,
Banka Intesa i Komercijalna banka. Prva dimenzija u MDS prostoru se moze interpretirati kao nivo
plata klienata, druga kao broj bankarskih oblasti
i treća kao orijentisanost banaka ka potrošačima
pružanja usluga na malo.
Ključne reči: MDS (Multidimenzionalna
Skala), Banke, Finansijsko tržište pružanja usluga
malo, Vojvodina
1. Introduction
Retail financial market in Serbia and especially
the consumer loans are constantly growing in the
last nine years. This expansion of retail market
could undermine the stability of financial system
and the boundaries of indebtedness of citizens
and economy could be broken. For the year 2009
banks in Serbia are planning even more investments in national currency (dinars). On the other
hand, banking sector in Serbia is still fragmented.
The first 10 banks according to the size of assets
are still small banks in comparison with the banks
in the region. It is clear that there is enough space
for further development of banking sector.
Market share will be the one of the key factors
of competition and in the following years the main
rivalry among banks will be on the field of retail
banking sector. In the retail sector the concentration
is smaller, risk dispersion is larger, reimbursement
is better and there is the possibility of implementation of new banking services. Also, the mortgage
market started to gain much more importance.
How the population of Serbia reacted on the increased competition among banks? The scenario
from other East European countries repeats itself.
The indebtedness of citizens is constantly growing. The obvious example is Croatia, where in
2006 600.000 foreclosures was conducted because
of unpaid debts. Serbia is managing indebtedness
of citizens successfully so far, because of credit
bureau which has major controlling function. Currently only 1% of citizens does not pay its loan
commitments. The loan offer will probably grow
because it is very attractive market. According to
the financial experts, the banking market in Serbia
will triple its size in the next five to ten years.
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On the current retail banking market of Serbia
and the region of Vojvodina clients have constantly growing possibility of choice when it comes
to making decision about using certain banking
services.The customers are changing their attitude
to the purchase, sense for time, stability and continuity in the fulfilling their goals.Today customers have much more free time and they are much
more demanding (Savic, 2006). Therefore, banks
must permanently to adjust themselves to the
market movements. They have to improve their
services constantly and systematically. The set of
banking services should be constantly innovated
and adjusted according to the changes in demand.
Because of that banks in Serbia are making systematic and constant effort in that direction. This
effort also implies the quantitative and qualitative
analysis of information from different sources.
Different methods of multivariate statistical analysis have significant importance in the different
areas of finance, economy and management. Multidimensional scaling (MDS) is one of them.
The purpose of this paper is to show the current
situation on the retail financial market through
presentation of multidimensional maps as very efficient method for visual presentation. The starting point of the research is the hypothesis that the
market in Vojvodina is still fragmentized, without
big and dominant players. The second hypothesis
is that there is still a significant space for its development. The visual presentation will show how
population in region of Vojvodina reacted to the
tough competition among banks. The position of
each bank will be shown on the map from the client’s point of view.
2. The background
One of the key moments in the reform of Serbian banking system happened in January 2002
when bankruptcy of the four large banks (Investbanka, Beobanka, Jugobanka and Beogradska
banka) was announced. These four banks were
not able to restore their liquidity and solvency and
because of them the entire banking system was in
danger. The confidence in the banks was reduced
to the minimum. After the liquidation of these
four banks and with some other measures of cen2010
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tral bank, the control over the banks was improved
and citizens restored their trust into the banking
system. Since then the financial sector is gradually
recovering and the offer of financial services to the
population is getting more diverse and miscellaneous. Savings in foreign currencies started to rise
from the level of zero in the year 2000 to 3 billion
euros in 2006, 4,8 billion euros in 2007 and 5,2
billion in 2008.
During the reforms of financial system in Serbia number of banks has been reduced from 86
in 2000 to 37 in 2007 and 35 at the beginning of
2008. Neither one of them has stepped out as the
market leader so far. Financial experts claim that
in the following period the main goal for majority
of banks will be to gain at least 10% of the market.
Current situation is that first five banks have 50%
market share. The conclusion is that in Serbia the
key word for a very long time will be - competition. Some financial products and services has just
arrived on the market, like project banking, structural financing, operations with bonds etc. We can
expect that it will be allowed for the foreign banks
to make greenfield investments in the future. Fight
for each client will be even more intensive.
The loans for consumer goods and especially
apartment loans are the main area of competition on
the retail market in Serbia. Due to raise of personal
incomes and drop of interest rates loans are available to citizens. Demand for commodities is booming. Because of that, retail market is very profitable
and with low level of risk. Banks are applying very
aggressive loan policy in order to reach the good position on the market. In Southeast Europe, in 2005,
the retail loans increased and reached 15% of GDP,
which is very close to the level in Central Europe.
That growth in the region is continuing despite the
restrictive measures for economic stability imposed
by central banks. Stability of currency is endangered, trade deficit and current transactions deficit
are growing very fast because population is using
loans mostly for buying imported consumer goods.
Central bank of Serbia imposed special measures
on the loans denominated in foreign currency. Mandatory reserve in foreign currency has been raised
to 60% and gross retail loans were limited to 200%
from capital value.
The mortgage loans are the most dynamic aspect of retail business for the banks and this is the
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similar trend with the existing trends in the region
of South-East Europe. That growth is possible because the necessary regulations were implemented
and the legal and justice system were improved.
Legal procedure is much more efficient and land
registry is much more reliable than before. We can
expect that mortgage loans growth will continue
in the future.
Deposits are also growing and following the
increase of deposits in Eastern European countries where it is faster in comparison with Central Europe, achieving 42% of GPD. In the year
2007, in Serbia, new models of saving have been
implemented, especially in the form of investment
funds. These facts are the proof that retail banking
sector is in big expansion with even more tough
and dynamic competition among banks in the future for every client on the market.
3. Scientific methods
For the analysis of financial markets many scientific, quantitative methods are very suitable for
use. Multivariate statistical analysis offers wide
spectrum of techniques and methods: discriminant analysis, conjoint analysis, principal components analysis, AID and CHAID methods, factor
analysis, cluster analysis, etc. These methods are
gradually finding their place in varying segments
of economics. At the moment, marketing research
represents the area with the most intensive use of
multivariate statistical methods. If these procedures are valuable in marketing, it is only logical
to test their applicability to other areas of economic science (Savic, 2006). The following results
about positions of banks on the retail market in
the region of Vojvodina were obtained with use of
multivariate method called multidimensional scaling (MDS).
The survey was conducted in the 9 cities of
the Vojvodina region (Novi Sad, Subotica, Vrsac,
Ruma, Kikinda, Pancevo, Zrenjanin, Sombor, and
Sremska Mitrovica). These are all the cities in the
region with more than 30000 inhabitants according to the last census.
Why only the Vojvodina region? Why not the
whole Serbia? There were several reasons for that
decision. First of all, financial resources were lim133
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ited. Second, the region of Vojvodina with 27%
of total population in Serbia is large enough to
represent the whole territory. Third, in Vojvodina
per capita income is above the average and it represents with Belgrade the most developed region
in Serbia, especially when it comes to the level of
development of financial market. On the basis of
these facts, the conclusion is that the results of the
analysis could indicate what will happened in the
future or what is happening already in the rest of
the Serbia.
The survey was conducted simultaneously in
all 9 cities. The respondents were selected randomly and they were interviewed through questionnaire. The interviewers were ordered not to
take interviews near the bank’s branches in order
to avoid bias and too much clients from one bank.
900 respondent were interviewed and 862 questionnaires were correctly filled out. Some smaller
banks active on the territory of Serbia are not present in the survey because they do not have branches in Vojvodina.
The questionnaire included 14 questions. The
respondents were asked to evaluate the similarities
among different banks in Vojvodina region. On the
basis of that question the multidimensional scaling
(MDS) technique was conducted. The table with
evaluated similarities was transformed into similarities matrix and matrix represents the raw data
suitable for MDS analysis.
Multidimensional scaling (MDS) is a technique for the analysis of similarity or dissimilarity
data on a set of objects. It is a multivariate statistical method and form of metric scaling designed
to create a diagram to describe the relationships
between a number of objects, given only a table of
distances between the objects. The diagram is actually a type of map in one or in a higher number of
dimensions. Actually, it is the ‘’virtual space’’ that
shows visually how similar the objects are to one
another. The main use of multidimensional scaling
is in situation where the underlying relationship
between objects is not known, but a distance matrix can be estimated. In marketing, for example,
subjects may be able to assess how similar or different individual pairs of objects are without being
able to draw an overall picture of the relationships
between the objects. Multidimensional map can
then provide the picture.
134

All metric scaling analyses proceed through
three stages (Myers J.H., Mullet G.M. 2003):
1. Constructing a similarities matrix that
shows how similar each object or descriptor
is to every other object or descriptor under
consideration.
2. Unfolding this similarities matrix (usually
using singular value decomposition) to
reveal the underlying ‘’structure’’ of the data
– that is, the basic factors that produce the
similarities shown in the matrix. These basic
factors also can be used as axes of a map.
3. Plotting each object or descriptor on this
map on the basis of how much of each basic
factor it contains. Objects near one another
on the map are considered similar in terms
of the descriptive attributes rated.
On the basis of these three steps the desired visual representation of objects is produced to reveal
the similarities among products, brands etc. Borg
and Groenen (2005) conclude that interpretation
of MDS space involves data-guided speculations
about the psychology of those who generated the
similarity data. Testing the validity of the conclusions is left to the further studies. Under the name
of multidimensional scaling there is a wide variety
of techniques for data analysis. Here, the technique
called principal coordinates analysis is applied. The
procedure of MDS has the following steps:
1. The matrix of distances (δij) between each
pair of objects is calculated. The number of
dimensions (t) for the mapping of objects is
fixed for a solution. It is best when a good
solution can be found in three or fewer
dimensions, as a graphical representation of
the n objects is then straightforward.
2. A starting configuration is assumed through
coordinates for the n objects in t dimensions.
3. For the assumed configuration the Euclidean
distances (dij) between the objects are
calculated.
4. A regression of dij on δij is made, were the
regression can be linear, polynomial or
monotonic. The fitted distances obtained
from the regression equation are called
disparities. Disparities are the data distances
(δij), scaled to match the configuration
distance (dij), as closely as possible.
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5. The stress formula is calculated for
measuring the goodness of fit between the
configuration distances and the disparities.
Manly B.F.J. (2005) explains that the word
stress is used here because the statistic is a
measure of the extent to which the spatial
configuration of points has to be stressed in
order to obtain the data distances.
6. The coordinates of each object were correct
to reduce the stress. Desirable value of stress
is as smallest as it could be. Stress is a single
number which shows how well the data fit
the configuration. The lowest possible stress
value is 0, which indicates a perfect fit of the
distances between objects on the map with
the distances between corresponding entries
in the similarities matrix.
The conceptual map produced through the MDS
analysis will show the disposition of banks according to the client’s opinion. Through the review of
the map it is possible to draw the conclusions about
the bank’s position on the retail market in the region
and what are the main characteristics of their market strategy. Banks close to each other on the map
probably have similar strategy on the market and
clients are think of them as very similar.
4. Results
Figure 1 shows the ratings of the banks on the
retail market according to the client’s opinion.
This bar diagram will help to explain the positions
of banks on the MDS map. The clients think that
the best bank on the Serbian market is Raifeissen
bank (17,35% of respondents voted for Raifeissen), Banca Intesa (13%) and Komercijalna banka
(12,83%). Many others have the same opinion:
‘’Global Finance’’ international magazine awarded the Raifeissen bank as the best bank in Serbia
in the year 2007.
The MDS analysis was conducted with help
of Statistica software for statistical data analysis.
MDS solution was created in several dimensions.
Measured in terms of stress, the badness-of-fit of
the 2D, 3D, to 7D solutions are presented in Table
1.
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Figure 1. Ratings of the banks on the retail market according to the client’s opinion
Table 1. Level of stress according to the number
of dimensions in MDS space
Number of dimensions
in MDS space

Level of stress
coefficient

2

0,20

3

0,12

4

0,10

5

0,09

6

0,07

7

0,06

According to Kruskal (1964), on the basis of
his experience, he suggests that the level of stress
coefficient is poor if it is above 0.20. If coefficient
is 0.10 it is fair, 0.05 is good, 0.025 is excellent,
and 0.00 is perfect solution. This scale has only
formal sense and it not suggests that only solutions whose stress is less than 0.20 are acceptable,
or that all solutions with the stress of less than 0.05
are good in more than just a formal sense (Borg
and Groenen, 2005). The zero level of coefficient
is possible in case with n−1 dimensions in MDS
space. In case of banks in Vojvodina, it would be
possible in space with 22 dimensions, because
there is 23 banks in data set.
On the basis of the coefficients from Table 1,
the 3D solution appears to be a reasonably precise
representation of the data. The 2D configuration
has high stress coefficient (0.20) and adding the
fourth dimension is not sensible, because the 4D
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solution corresponds closely to the 3D configuration. Hence, we have formal and substantive reason to consider the 3D representation as the best
MDS representation for the retail market. MDS
map is presented on the Figure 2.

Figure 4. Disposition of bank according to first
and third dimension from the original 3D space

Figure 2. 3D MDS space of retail banking market in Vojvodina
Statistical software offers possibility of transforming the 3D solution into three 2D maps as the
combination of two from three dimensions from
the original solution. Figures 3, 4, and 5 are showing 2D maps.

Figure 3. Disposition of bank according to first
two dimensions from the original 3D space
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Figure 5. Disposition of bank according to second and third dimension from the original 3D
space
On the basis of these pictures the conclusion is
that in the centre of the map are the banks evaluated
as the best on the retail market in the region of Vojvodina according to the customers survey. These
banks have the similar strategy on the market. On
the periphery are the banks with strategy oriented
to the business enterprises (Findomestic, Metals
banka) and new banks in Vojvodina with not yet
defined organisation because of the recent entrance
on the market (OTP bank, Meridian banka). Specific position belongs to the EFG bank. EFG bank
have recently bought the bank ‘’Nacionalna stedionica’’ and gained large number of branches in the
country, main position in the trade with government
securities, but with large number of clients with low
incomes and low purchasing power. Specific position belongs also to ‘’Postanska stedionica’’ as the
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state property with great number of older customers, mainly retired persons.
National bank of Greece (NBG) recently
bought the ‘’Vojvodjanska banka’’, and according
to the current position on the map of retail market
we can expect that the new bank will be positioned
closer to the centre. That means that the new bank
will be more competitive and it will join the group
of relatively dominant banks in Serbia (Banca Intesa, Komercijalna banka, and Raiffeisen bank).
Dimensional interpretation of MDS space is
that the first dimension can be interpreted as the
level of client’s wages, the second as the number
of bank branches, and the third one as the balance
between orientation of the banks to retail costumers or to business enterprises.
5. Conclusion
According to the results of the survey, the concentration on the Serbian financial market is still
small. The first 10 banks according to the size of
assets are still small banks in comparison with the
financial markets in the region. First five banks
are controlling around 50% of the market while
in other similar countries the share is around 80%.
It is clear that there is enough space for further
development of banking sector. Although there is
not enough foreign banks, further concentration
is expected because the country with 7,5 million
inhabitants is to small for the number of 35 banks
with network of 1800 branches. Market share will
be the one of the key factors of competition and in
the following years the main competition among
banks will be on the field of retail banking sector.
According to the results of the MDS analysis,
the main characteristics that influenced the position of the banks on retail market in the Vojvodina
region are the level of client’s wages, number of
branches and balance between orientation to retail
costumers or to business enterprises. The conclusion is that banks can improve their position if they
are able to follow the rise of personal incomes, if
they can spread the network of branch offices in
the region and if the priority in their market strategy belongs to the retail clients.
For deeper analysis of retail banking sector in
the region of Vojvodina it is necessary to gather
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much more information about every bank on the
market. The current financial market in Serbia
is very dynamic and banks are differ according
to many characteristics: type of the ownership,
number of branches, market orientation, moment
of entrance on the market, etc. In the future we
can expect that market in Serbia will grow further
becoming more balanced with smaller number of
players. It would be easier to conduct the MDS
analysis with lesser number of banks in the region
especially when it comes to construction of MDS
space.
The confidence into financial system in Serbia
is gradually growing. Savings in foreign currency
started to raise from the level of zero in the year
2000 to 4,8 billion euros in 2007. The growth of
consumer credits on the retail market is rapid but
under control of the central bank.
National Bank of Serbia is continuously taking
measures to reduce the growth of consumer credits, to reduce the public spending and trade deficit of Serbia in order to direct money to economy
and to maintain the stability of national currency
– dinar. On average, every citizen of Serbia is in
debt to the banks with amount of 500 euros. The
latest measure of NBS will start from July 1st and
that means that total debt of every citizens should
not exceed the 30% of his salary, including credit
cards debts and allowed overdraft on the bank account.
The increase of consumer credits is one of the
channels for the foreign investments inflow into
the countries of Western Balkans. Productivity is
growing and because of that income on the invested capital is bigger. Also, investment risk in the
Balkan countries is constantly declining and we
can expect even more decline in case of positive
solution over the Kosovo problem. Integration of
Serbia into the market of European Union will be
faster. The growth of financial sector will be even
faster then total economic sector in the country.
One must be aware of underdeveloped financial system in Vojvodina and Serbia in comparison
with other transitional countries and neighbouring
countries. This is why the big space for further expansion exists, but there are also some limitation
because of it. Banks in Serbia will have significant
role in the development of retail sector and financial market structure as a whole.
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On the financial market of Vojvodina and Serbia in the next few years we can expect tough
competition among banks about market share, especially on the retail market. Every bank will try
to present itself as the best choice in the eyes of
the clients. MDS analysis can offer important answers on how is population responding to bank’s
performance and where is the true position on the
retail banking market for every one of them.
Banks should innovate and improve services
continuously. For that kind of approach it is necessary to develop systematic and permanent innovation program in the firm. According to Savic
(2003), the cooperation of different experts in the
research team is very important in order to implement new and efficient quantitative methods as
the MDS analysis for getting the reliable results.
Problem in the real life experiments with services
can be managed only if high level of cooperation
exists between experts and employees of the bank.
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Influence of raw coal
grinding to technical water
refinement (purification) in
the Coal Mine “Banovici”
Utjecaj usitnjavanja rovnog uglja na
prečišćavanja tehnoloških voda u RMU
‘’Banovići’’
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Abstract

Global coal industry perspective on the international level is characterized by a reduced consumption of coal in the production of electric energy and
increased use of renewable sources. Still, the production of electric energy, steel and cement is unthinkable without coal as the dominant raw material.
Despite the different strategies of electric energy
supply, coal is still an indispensable energy source in
many countries, including Bosnia and Herzegovina.
Separation RMU “Banovici” went a long development path, with changing of the technology
and increasing of the capacity, but the tendency
has always been to answer to demands of the market, and at the end of the production process, to
have a product that is competitive in the market.
This work represents a modest contribution in
improving of the technological process, and it is
a result of monitoring of the quality of processed
coal, and monitoring of the problems arising from
the crushing and grinding of raw coal. The Separation is particularly taking into account environmental protection so that this study has the positive aspect on that side too, because the results that
2010

are reached indicate that with some changes in the
technological process of receiving and preparing of
raw coal, reduce the participation of small classes
that can overload the re-circulating system of water
treatment technology. Exploitation and processing
of coal in the coming period will increasingly be
limited by environmental requirements and protection of the environment, which in recent decades
has been more and more exposed to strong degradation processes. Protection and improvement of the
environment should have special attention in order
to stop the negative processes in pollution of living
and working environment, which can be achieved
by adherence to international norms, and applicable
legislation in this area.
Key words: Separation RMU “Banovici”,
coal, water, crushing equipment, processing water
treatment technology, environmental interest.
Sažetak
Globalna perspektiva industrije uglja na
međunarodnom planu karakterizira se redukovanom potrošnjom uglja u proizvodnji elektroen139
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ergije i porastom korištenja obnovljivih izvora.
Međutim još uvijek proizvodnja elektroenergije,
čelika i cementa je nezamisliva bez uglja kao
dominantne sirovine. Uprkos različitim strategijama snabdijevanje električnom energijom, ugalj
je ipak nezamjenjiv energent u mnogim zemljama,
pa tako i u Bosni i Hercegovini.
Separacija RMU „Banovići“ je prošla dug
razvojni put, na kome se mijenjala tehnologija,
povećavao kapacitet, a tendencija je uvijek bila da
se odgovori zahtjevima tržišta i da na kraju proizvodnog procesa imamo proizvod koji je konkurentan na tržištu.
Ovaj rad predstavlja skroman doprinos
usavršavanju tehnološkog procesa, a rezultat je
praćenje kvaliteta oplemenjenih ugljeva, kao i
problema koji nastaju pri usitnjavanju rovnog
uglja. U Separaciji se posebno vodi računa o
zaštiti životne sredine tako da ovo istraživanje
ima i sa tog aspekta pozitivna svojstva, jer rezultati do kojih se došlo ukazuju da određenim
promjenama tehnološkog procesa na prijemu i
pripremi rovnog uglja, smanjujemo učešće sitnih klasa koje opterećuju recirkulacioni sistem
prečišćavanja tehnoloških voda. Eksploataciju
i preradu uglja u narednom periodu sve više će
uslovljavati ekološki zahtjevi i zaštita čovjekove
okoline koja je poslednjih decenija sve više
izložena djelovanju snažnih degradacionih procesa. Zaštiti i unapređenju životne sredine mora se
posvetiti posebna pažnja sa ciljem da se zaustave
negativni procesi u zagađenju životne i radne okoline što se može postići dosljednim poštivanjem
svjetskih normativa i važećih zakonskih propisa iz
ove oblasti.
Ključne riječi: Separacija RMU „Banovići“,
ugalj, voda, usitnjavanje, drobilično postrojenje
prečišćavanje tehnoloških voda, ekološki interes.
Introduction
Together with raw coal, which enters the enrichment process there is a certain amount of small
fractions of coal and waste, which are removed,
by coal washing and that is how the pollution of
technical water takes place. Produced quantity
of residue in this process must be removed from
the technical water by centrifuge, because it is re140

quired by biggest consumers of technical water –
sediment (residue) machines.
Optimal content of solid particles in the water
is 80g/l. In order to determine the technical waters
movement balance and whether the purification
system of technical water gives the expected results, a regular sampling of raw coal is performed
where we determine the granule-metric composition and quality of the coal as well as its effect
on quantities that go into purification. Suspended
substances, which are in the water, originate from
waste and overburden, which come to separation
plant together with coal. The characteristic oh
these suspended substances is that they puddle the
water, increase the suspension density, increase
the water viscosity, and these are values that affect
the quality of purification system operation.
According to the law that regulates maximum
allowed quantity of suspended substances, which
flows into the natural flow, the allowed amount of
suspended substances is from 0,08 – 0,1g/l. According to the classification of waters, the rivers
Litva and Oskova, concerning their assignment
and purity degree, they are between third and
fourth water class. Therefore, the Mine Company
is required to make the technical waters purification system functional. On the other hand, the
technical water quality is conditional part for qualitative coal processing (enrichment) because the
technical water is a fluid in which the gravitational
concentration is performed.
1. Separation plant of Coal mine
‘’Banovići’’
Reviewing all characteristics and work issues of the Separation plant of CM ‘’Banovići’’,
from its construction in 1958 to the present, we
can conclude that in past 50 years it became a
pioneer concerning coal processing and technological water purification, and that it grew in
respectable facility of its kind. With completion
of the second phase of reconstruction in 1987,
the entering capacity of the separation had increased to 1000 t/h. This reconstructed Separation, shown in technological scheme (picture 1.),
operates in the present.
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Picture 1. Technological scheme of Separation in CM “ Banovići”
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2. Raw coal preparation
Beside natural conditions of exploitation, a
significant effect on granule-metric composition
of raw coal comes from the technology of primarily and secondary crushing. In the Separation, the
flow crushers were installed, which grind overall
amount of raw coal and which results in higher
amounts of smaller classes. In adopted enrichment
technology of raw coal with dry sieving, this granule-metric composition of coal fits the capacity of
installed facilities. However, at the raw coal processing without dry sieving there is a higher load
of residue machine for medium grain concerning
the residue machine for large grain.

Picture 3. Granule-metric composition and curve
for granule-metric comp. of pit Omazići -400 mm

Picture 2. Flow crusher
2.1. Analysis of the effects in raw coal
grinding
Raw coal that granulates from -400 mm is
grinded in crushing facility at -120 mm. Total
amount of raw coal passes through the crushing
facility without prior classifying.

Picture 4. Granule-metric composition and curve
for granule-metric comp. of pit Omazići - 120 mm
142

2010

technics technologies education management

Based on the granule-metric composition of
raw coal before and after the crushing facility, we
analyzed effects of grinding (pulverizing). In this
analysis, we sampled the raw coal of medial quality from pit Omazici
From the analysis of granule-metric composition of raw coal from pit Omazici – 400 mm , we
can notice that the overall participation of granulation +120 mm is 12,09 %, that is, participation
of granulation -120 mm is 87,91 %. In addition,
we can conclude that the granulation -20 mm of
raw coal at unload was increased from 31, 60 %
to 39, 69 % after grinding in the crushing facility. Participation of all fractions after the grinding
was increased except the class -80+60, which was
decreased for 2,09 %, as well as the class -60+40,
decreased for 3,26 %. From this, we can conclude
that the grinding had influence on decrease of participation of already appropriate granulation for
enrichment, and these classes have commercial
value in market.

3.1. Consumption of the technological water
By capacity of the facility for raw coal processing, we can compute required amount of technological water. Raw coal on sieves (pos.202A,B) is
classified in two assortments: assortment -40 +0,5
mm and -120 +40 mm.
Classification is performed with parallel water
washing of the coal in order to extract the miry
part of the coal with granulation of -0,5 mm.
–– For mud removal from the raw coal in preclassed sieves (pos.202 A,B) required water
quantity is: 800 t/h x 1,2 m3/t = 960 m3/h.
–– For operation of the residue machines, it
is necessary 2920 m3/h of technological
water.
–– For other needs (washing of bearing plates
under belts, intakes to plates under sieves,
sieves sprayers) around 520 m3/h.
Table 1. Total amount of required water
Consumption place

Picture 5. Raw coal distribution balance in the pit
Omazici at the entrance to the residue machines
From the distribution of masses in the residue
machines, we can notice that the residue machine
for medium class is more loaded from the residue
machine for large class, that is, more than 60 % of
raw coal is distributed to the residue machine for
medium class.
3. Purification of the technological waters
After the reconstruction in 1981 and 1987 and
installation of the facility of the German company
“KHD HUMBOLDT WEDAG”, we have completely solve the task for the technological water
purification.
The technological scheme for water purification
is shown in picture 6. The purification is performed
in two phases: primary and secondary purification.
2010

Quantity (m3/h)

Pre-classing

960

Residue machine-large grain

1620

Residue machine-medium grain

1300

For other needs

520

Total requirement of technological water at facility operation in normal capacity amounts 4400
m3/h. Specified quantity of technological water
is provided from the technological water pooldecanter overflow and by pumps (pos. 400A,B,C)
is delivered to cisterns (pos.401), from which the
consumers are provided.
By closing the circular flow of the technological water, the water loss occurs regularly in aspect of increase of product humidity in processing and products of technological water purification.
According to data on average moisture content
in raw coal and products of processing, we get that
the average moisture of the raw coal is 22 %, and
the average moisture of processed products is 27
%. From this we get:
–– water quantity that goes with products of
processing:
Q1= [800 x 0,80 x (27-22)] / 100 = 32 (m3/h),
143
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Picture 6. Scheme for technological water purification in the Separation of CM Banovići
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–– after the extraction from the technological
water, the residue of primary centrifuges
contains 29 % of water, hence a certain
amount of water is lost in this way:
Q2= [800 x 0,10 x (29-22)] / 100 = 5,6 (m3/h),
–– water loss in the residue of secondary
centrifuges:
Q3= [13 x (51-29)] / 100 = 2,9 (m3/h).
Beside the fact that the system of technological
waters is closed, there is a still loss, which needs
to be compensated with fresh industrial water. The
loss of technological water is 1,5 %, that is 66 m3/h,
so the loss of the water is 107 m3/h.To this amount
of water we add the water quantity for compressors
cooling in amount of 11 m3/h and water for flocculants preparation of 10 m3/h, which means that
the overall losses is 128 m3/h. A certain amount of
water is compensated by the work of secondary
centrifuge in amount of 76 m3/h, and other water
quantities are re-compensated by industrial water
from the river Oskova, which means that the actual losses of technological water is 52 m3/h.
Table 2. Actual losses of technological water
Place of loss of technological water
On products of processing
On residue of primary centrifuges
On residue of secondary centrifuges
On compressors cooling
On flocculants preparation
Other losses (1,5% of spent quantity
of tech. w.)
Overall losses of techno. water
Losses compensation by components
of secondary centrifuge
Actual losses of techn. Water

3.2. Purification quality of tecn. Waters in
function of raw coal grinding
The effect of crushing facility to the increase
of participation of the fraction -0,5 mm has been
analyzed, and based on taken and processed representative samples. Here it is essential to mention
that in determination of fraction participation -0,5
mm, the class of -20 mm was sieved by water before and after the crushing facility on the sieve of
0,5 mm, and then, the sieved products also sieved
by the water, which were sieved on micron sieves
and upon which the granule-metric analysis were
performed. Complete analysis were done without
dry sieving, for in this manner we can review the
direct effect of crushing installation to participation of the fraction of -0,5 mm.

Quantity
(m3/h)
32
6
3
11
10
66
128
76
52

Picture 7. Curve of gran-metr. Residue composition before the crushing facility in regard to (araw coal, b-fraction 0,50 mm)

Table 3. Gran-met.. residue composition before crushing facility
Size of particles
(Mm)
-0,500+0,315
-0,315+0,200
-0,200+0,100
-0,100+0,063
-0,063+0,043
-0,043
2010

In regard to raw coal
Participation (%)
Cumulative (%)
1,12
1,12
0,73
1,85
0,81
2,66
0,32
2,98
0,31
3,29
2,57
5,86

In regard to fraction 0,50 mm
Participation (%)
Cumulative (%)
19,11
19,11
12,46
31,57
13,82
45,39
5,46
50,85
5,29
56,14
43,86
100,00
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Table 4. Granule-metric residue composition after grinding
In regard to raw coal

In regard to fraction 0,50 mm

Size of particles
(Mm)

Participation (%)

Cumulative (%)

Participation (%)

Cumulative (%)

-0,500+0,315

1,84

1,84

27,26

27,26

-0,315+0,200

0,83

2,67

12,30

39,56

-0,200+0,100

0,91

3,58

13,48

53,04

-0,100+0,063

0,35

3,93

5,19

58,23

-0,063+0,043

0,42

4,35

6,22

64,45

-0,043

2,40

6,75

35,55

100,00

From certainty, in this calculation, we take that
6% of fraction is -0,50 mm, so that the residue
amount that goes into residue basin-decanter is:
Qt = 800 t/h x 0,06 = 48 t/h,
and the dry matter quantity is:
Qs = 48 t/h x (100-23) / 100 = 37 t/h.
By the analysis of raw coal, it’s been determined that participation of the fraction is -0,5 mm,
that is, the fraction that in normal operation appears in technological waters after grinding of the
raw coal in crushing installation.

b)
Picture 8. Curve of gran-metr. Residue composition after the crushing facility in regard to ( araw coal, b-fraction 0,50 mm)
From certainty, in the calculation, we take that
7 % of fraction is -0,50mm, so that the residue
amount that goes to basin-decanter is:
Qt = 800 t/h x 0,07 = 56 t/h,
and the dry matter quantity is:
Qs = 56 t/h x (100-23) / 100 = 43 t/h.

a)
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By the participation increase of the fraction
-0,5 mm for 0,89 % in the raw coal, and which
has arisen as a result of raw coal grinding in the
crushing facility, the residue quantity that ends up
in the residue basin had been increased for 6 t/h .

2010

technics technologies education management

4. Conclusive consideration
The gran.-metr. composition of the raw coal is
one of important conditions for qualitative work of
the Separation facility. A proper coal distribution in
certain percentage ratio represents the basic postulate for normal utilization of entire processing (enrichment) facility. For example, an increase above
33% of little classes leads to an overcharge of residue machine capacity for medium classes, and at
the same time decreases the capacity of residue
machine for large classes. At this granule-metric
composition, it is difficult to readjust the required
capacity of a residue machine, and at the same time,
not to affect the quality of processed coal.
At the coal processing technology, such in the
Separation plant of Coal Mine „Banovici“, where
large classes are processed in one and little classes in the other facility, a stability of the granulemetric composition is crucial. The participation
increase of granulation –40 +0,5 mm, decrease the
capacity of overall processing.
Based on performed analysis of the effects of
raw coal grinding to the purification quality of
technological waters, we get the following:
–– the quality of technological water is worse
because of the fraction increase -0,5 mm, in
the basin for residue, which complicates and
makes more difficult the work of facility for
technological water, and good technological
water is a condition for qualitative
processing,
–– the increase of little classes -20 mm up to
10%, for the raw coal entering the processing
facility, additionally overburden the residue
machine for medium classes,
–– by the increase of content of the solid
particles in muddy water and by condition
for faster phase separation, the flocculants
consumption increases,
–– There is also the worse separation in residue
machine for medium classes in regard
to residue machine for large classes, as
a consequence of overburden above the
maximum capacity.

2010
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Abstract
Modern market business of textile companies,
especially during the economy crisis, is characterised by unfavourable aspects such as bad position of textile companies on the global market,
decreased competitiveness, lack of technology,
and insufficiently trained employees, standard
absence. In this case, the main acting fields for
business quality improvement of domestic textile
companies are business quality improvement and
knowledge improvement of the managers and employees. Textile technology engineers are involved
in defining of technology management concept,
which is crucial for the growth and development
of these companies. The new acting field of textile
engineers penetrates into management structures
and it starts to exceed the technical-technological
knowledge and skills, and it requires multidisciplinary in job realisation. Regardless the problems
in the last several years (old equipment, lack of financial capital, lack of innovativeness), domestic
textile industry, as well as the textile industry in
many countries which are in transition, represents
significant development area especially when the
interest of foreign partners are taken into account
(availability of infrastructure, cheap workforce,
nearness of market and so on). Education of every
employee in textile companies represents precon148

dition for better business effects achievement – especially the need for computer science and management knowledge and skills as well as the usage
of foreign experiences are emphasised.
The purpose of this paper is to show the research
results, which refer to the possible application of
modern methods and management techniques in
the textile and clothing industry, with special attention on improvement of personnel knowledge.
The research was conducted in 2007, on the market of republic of Serbia and it encompassed the
attitude analysis of 150 respondents, where 50 of
them were experts in managing the company of
textile and clothing industry, and 100 of the respondents were the students of the faculties where
the textile experts are being educated. The aim of
the research was the creation of an adequate and
meaningful theoretical model for knowledge improvement and education of professional workers in textile industry in order to establish market
business concept in this sector. The research enabled collecting of primary data about the facts,
opinions, attitudes, intentions and motives of the
respondents. For this purpose, the modified questionnaire was created (taking care about the methodological thesis). The method of interviewing
the experts as well as students was used to collect
data. The relevant attitudes about the appliance of
modern methods and management techniques as
2010
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well as of trained staff education in the textile sector on Serbian market were acquired – from the
experts, and from those who were the final users
of the college services – the students.
The competitive advantage of Serbian textile
industry must be based on innovations, quality,
technology improvement and higher capability of
the workers. The greatest potential that would lead
to the faster economy development of textile industry is educated people, that is, trained staff. The
series of demands is set before the trained staff in
order to permanently innovate their knowledge
and skills. Besides the acquaintance of traditional
skills and knowledge from various textile technologies, the modern trained staff must possess
knowledge of company management, strategic
and operative management, marketing, quality
management and so on, in order to be able to deal
with technical and management problems.
Key words: management, knowledge, education, textile industry
Sažetak
Savremeno tržišno poslovanje tekstilnih
preduzeća, naročito u vreme ekonomske krize,
karakterišu nepovoljni aspekti koji se ogledaju u
lošoj pozicioniranosti tekstilnih preduzeća na globalnoj tržišnoj sceni, smanjenoj konkurentnosti,
nedostatku tehnologije, nedovoljnoj obučenosti
zaposlenih, nepostojanju standarda. U tom smislu,
glavna polja delovanja, u funkciji unapređivanja
kvaliteta poslovanja domaćih preduzeća tekstilne
industrije su: unapređivanje kvaliteta poslovanja i unapređivanje znanja rukovodioca i zaposlenih.Inženjeri tekstilne tehnologije učestvuju
u definisanju koncepta upravljanja tehnologijom koja je od presudnog značaja za rast i razvoj
ovih preduzeća. Novo polje delovanja tekstilnih
inženjera zalazi u upravljačke strukture i počinje
da prevazilazi tehničko-tehnološko znanje i
veštine i zahteva multidisciplinarnost u pristupu
realizacije posla. Domaća tekstilna industrija, kao
uostalom i tekstilna idnujstrija iz većine zemalja u
tranzicji, i pored problema koji postoje duži niz godina (zastarelost opreme, nedostatak finansijskog
kapitala, nedostatak inovativnosti itd.) predstavlja značajnu oblast za razvoj, posebno ukoliko se
2010

uzme u obzir zainteresovanost inostranih partnera
(raspoloživost infrastrukture, jeftina radna snaga,
blizina tržišta, itd.). Obrazovanje svih zaposlenih
u tekstilnim preduzećima predstavlja preduslov za
postizanje boljih poslovnih efekata - posebno se
naglašava potreba za boljim poznavanjem znanja i
veština iz oblasti informatike i menadžmenta, kao
i korišćenje stranih iskustava.
Namena ovog rada je da prikaže rezultate istraživanja koji se odnose na mogućnost
primene savremenih metoda i tehnika menadzmenta u u oblasti tekstilne i odevne industrije,
sa posebnim osvrtom na un apređenje znanja
kadrova. Istraživanje je realizovano tokom 2007
godine, na tržištu Republike Srbijie i obuhvatilo
je analizu stavova 150 ispitanika, od čega su 50
bili eksperti iz oblasti upravljanja preduzećem i
tekstilne i odevne industrije, a 100 ispitanika su
bili studenti sa fakulteta gde se obrazuju tekstilni
stručnjaci. Cilj istraživanja je bilo kreiranje adekvatnog i svrsishodnog teorijskog modela sistema za unapređenje znanja i obrazovanja stručnih
kadrova u tekstilnoj industriji u funkciji uspostavljanja tržišnog koncepta poslovanja u ovoj oblasti.
Istraživanje je omkogućilo prikupljanje primarnih
podataka o činjenicama, mišljenjima, stavovima, namerama i motivima ispitanika. Za svrhu
ispitivanja kreiran je prilagođen upitnik (vodeći
računa o metodološkoj postavkci istraživanja). U
prikupljanju odataka korišćen je metod intervuja
sa ekspertima, kao i sa studentima. Na osnovu
istraživanja dobijeni su relevantni stavovi o primeni savremenih metoda i tehnika menadzmenta
i obrfazovanja stručnih kadrova iz oblasti tekstila
na tržištu Srbije – od eksperata, kao i od onih koji
su krajnji korisnici usluge visokoškolskih organizacija – studenata.
Konkurentska prednost tekstilne industrije Srbije mora da se bazira na inovacijama, kvalitetu,
unapređivanju tehnologije i većoj stručnosti radnika. Najveći potencijal koji bi doveo do bržeg ekonomskog razvoja tekstilne industrije su obrazovni
ljudi, tj stručan kadar. Pred stručne kadrove se postavlja čitav niz zahteva u cilju njihovog permanentnog inoviranja znanja i veština. Osim poznavanja tradicionalnih veština i znanja iz različitih
trekstilnih tehnologija, savremeni stručni kadrovi
treba da poseduju znanja iz oblasti upravljanja preduzećem, strateškog i operativnog menadžmenta,
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marketinga, upravljanja kvalitetom itd., kako bi
se osposobili za rešavanje kako tehničkih, tako i
upravljačkih probelma.
Ključne reči: poslovanje, znanje, obrazovanje,
tekstilna industrija
1. Introductory analysis
The company’s business basic goal is accomplishment of exquisiteness in business and achieving world quality standards of products and services. The goals set in such way create certain preconditions for a new, modern and long-term growth
and development of a company. It is achievable
only by constant improvement of company’s organisation quality, which is based on increase of
productivity and knowledge of each employee in
the organisation. Continuous improvement of productivity and knowledge is the basic imperative of
a modern industry and certainly the most significant factor in company’s concurrence struggle in
the global market.
The organisations that do not adjust to the world
standards on time shall not survive even the initial
process of global reconstructing. This mainly refers to the companies engaged in product assortment for final consumption, among which textile
industry mainly takes place.
Significant and maybe even crucial responsibility
for existence and development of these companies
are in the domain of leadership and skilled workers.
The leadership’s responsibility is primarily creating the company’s policy and strategy and simultaneously influencing on motivation, development,
communication and behaviour of skilled workers.
The skilled workers’ responsibility reflects in constant education and innovation of knowledge and
skills. In that way, the preconditions for successful
technology management are created, which is crucial for the company’s growth and development as
well as for the industry. Industry has the need and
obligation for investing in highly educated workers that shall apply and develop new technological achievements. The experts that should develop
and work with high technologies as well as those
who create the strategy of technological growth and
carry out the research-development functions are
mainly engineers of textile technology.
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Therefore, the entire series of requests are set
up before skilled workers as to innovate their
knowledge and skills permanently. First, the modern market business concept requires innovation
of necessary knowledge and skills on all levels.
The new market business concept shall require
from leadership and especially skilled workers to
possess:
–– multidisciplinary in integrating textile
technology knowledge and necessary marketing, management, ecology, psychology and
sociology knowledge;
–– ability to use modern techniques and skills
as well as engineering tools;
–– work inventiveness;
–– management innovativeness;
–– flexible behaviour;
–– offensive appearance and other1.
AEC analysis, Kurnadi and Budino2, notes the
groups of skills that engineers should acquire in
their basic studies. Fundamental sciences are first,
and then follow engineering knowledge, skills,
and competence in modern technologies. However, the engineer’s needs, in the world sans frontiers, comprise knowledge in human sciences:
philosophy, psychology, art, anthropology, foreign
languages and other. Further, on, these authors,
in the list of optional and obligatory courses, include accounting, industrial management, financial management, human resources management,
quality management and business law.
Production faces deficiency of skilled workers, which shall take on further technological
development, and EU, in the past several years,
directs its efforts toward making technological
sciences more popular, and improving study curriculum and creating workplaces that are more
attractive.

Đorđević D., Anđić Ž., Introduction to Business Ethics
and Law, TF Mihajlo Pupin, Zrenjanin, 2004, p.20,
2 Kurnadi A., Budino T., “Accreditation of engineering
education to international benchmark, need and
challenge to engineering faculty in developing
countries”, Proceedings of the Sixth AEESEAP
Triennial Conference, Kuta, Bali, Indonesia, 2000.
1
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Textile technology engineers, according to their
basic education are the most frequently invited to
participate in defining technology management
concept that is crucial for the growth and development of these companies. The new acting field
of textile engineers gets into managing structures,
starts exceeding technical-technological knowledge and skills, and requires multidisciplinary in
approaching the work realisation.
Fast rate of changes in the surroundings demands people capable to respond to all challenges
that modern business brings along. New business
conditions require of people to possess the following characteristics:
–– knowledge
–– learning ability
–– initiative
–– flexibility
–– involvement
–– experience.
Education and knowledge are new factors of
concurrence. Every individual must constantly
improve oneself and one’s knowledge. The group
of such individuals, that constantly improve oneself and improve productivity of one’s knowledge
makes the organisation productive. The fact points
the new role of education – education must pervade the whole society. Education system must
become open, dynamic, and offensive as the
knowledge itself. Riderstrale and Nordstrom state
that “the foundations and sources of competitive
advantage – knowledge, quality and people – must
be the everyday issues for every employee”3.
Textile industry represents the industrial branch
mainly affected by the crisis, and the way-out is in
faster involvement of small and middle companies
in economic flows and incentives for faster development. In the last few years, the structure of textile
companies in Serbia changed due to privatization
process and adjustment of inflexible and large companies to the new market demands. Clothing industry no longer occurs as large clothing factory but as
small and middle companies that are important and
wanted. In this way, we have a series of new, smaller textile MSP (small and middle companies) that
succeeded using their own effort to create its own
3 Riderstrale J., Nordstrom K., “Funky Business”, Plato,
Belgrade, 2004. p.269
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place in the market, its own collection and accepted
and recognisable brand. Constant pointing out the
inefficiency of textile and clothing industry made
great damage to the textile industry in the region.
The consequence of this is that the young do not enrol high schools and universities that educate people
for the needs of textile industry. Due to low salaries
and development negligence of its own production,
there is insufficiency in technically educated workers, which would work on the development of new
products, the use of technological and managing innovations and market development. Textile industry has been lacking certain profile of workers over
a longer period, and they will lack even more in the
future. It is especially necessary to educate workers
in order to preserve and increase proficiency level,
and to the existing workers enable specialization.
2. Competitive ability of domestic
companies
The concurrence of Serbian economy (including MSP) was, even before economic crisis, on a
very low level. Some indicators are witnesses of
such situation. According to The World Economic
Forum reports for 2008, the index of global concurrence for Serbia was 3,90 which represented
progress for the past three years. In The World
Economic Forum’s Report on global concurrence,
encompassing 125 countries, Serbia was placed
on the third quarter, and took 85th place 4, illustrated in the Table 1.
Table 1. The country rank in the region according to The World Economic Forum’s Report on
global concurrence for 2008
Country
Slovenia
Croatia
Montenegro
Romania
Bulgaria
Serbia
Macedonia
BH
Albania
From The Global Competitiveness
Economic Forum, 2008.

Place
42
61
65
68
76
85
89
107
108
Report, World

4 Lakičević M., Money trace, Money, 18.09.2008.,
Ringier, Belgrade, 2008., p.2,
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The causes of very low competitive ability
of our companies are seen in poor innovation,
high production costs, low level of technological
equipment, lack of investing in knowledge, unfavourable market structure that is lacking the rule
of law and state of law, presence of grey market
and corruption. On the global market, the companies are more and more competitive in elements
not connected with price: product quality, safety
and reliability, easy usage, lifetime, quick delivery, packaging, that is, in elements that our companies are lacking in their offer. Serbian companies base their export, mainly and if there is one,
on low prices of unrecognisable products.
Low competitive level of the companies and
therefore of Serbian economy is troublesome. It is
necessary to revive the project for upgrading the
concurrence as soon as possible that should be the
framework of Serbian strategic economic development up to 2012. The project should tend toward
elevating the business results of our companies
with elimination of all irregularities present up
to now. By doing so, results should be better and
Serbia could take much better place on the scale
in comparison to other countries. In the following
period, special efforts must be invested in order to
brand new products, introduce modern technologies, encourage innovative activities, improve employees motivation, introduce incentive paymant
systems, advance management, invest in knowledge and intellectual capital. The state would
make an extremely important move by helping in
education and implementing stimulating tax measures. The state could significantly help development of small and middle companies as well as
entire economic system by some tax-exemptions.
According to the economic competitive level, Serbia takes 85th place in the world, and the way out
of this crisis is in stronger concurrence. Generally,
accepted attitude is that without healthy concurrence there is no favourable world’s economic crisis recovery.
Government of the Republic of Serbia adopted
the Strategy for the Development of Concurrence
and Innovation of MSP for the period 2008.-2013.
The strategy should contribute to the further reinforcement and effective use of MSP sector potentials, which shall have positive influence on
economic growth of Republic of Serbia. Such
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guidance should contribute to the increase of concurrence and export, the further reinforcement of
innovative capacities of a company, the dynamic
employment development and steady regional development5.
On the other hand, a significant number of domestic companies are not ready to enter the international market and play free market game with
international concurrence. The reason for not being concurrent is that free market game is still not
developed enough in the Republic of Serbia. Some
past characteristics occur today as an obstacle for
the development of international business within
domestic companies, especially:
–– insufficient export orientation of production,
–– unsynchronised appearance of domestic
companies,
–– insufficient implementation of modern
principles for managing the company,
–– not adopting marketing concepts and their
implementation in international business.
3. The need for education
The main vector, which creates and shapes
all the changes happening in the modern world,
is technological progress. Technological progress represents the result of cumulative effect of
knowledge increase, especially in the 19th and 20th
century. Technology is the most dynamic development factor. According to Drucker, the modern
society is the society of knowledge – knowledge
has become the main resource and useful property.
Drucker notes three phases of the sheer knowledge:
1. during the first phase which lasted for a
hundred years, knowledge meant tools,
processes and products
that created
industrial revolution;
2. in its second phase, starting from 1880 and
culminating at the end of The World War
II, in its new meaning knowledge started
to be applied in work – this announced and
introduced productivity revolution;
5 Strategy for the Development of Concurrence and
Innovation of MSP for the period 2008-2013, Official
Gazette RS, No. 55/05, 71/05- correction, 101/07 and
65/08, Belgrade, 2008.
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3. the last phase begun after the end of the
World War II. Today, knowledge refers
and applies only on knowledge – that is
management revolution.6
In the modern society, knowledge is a strategic
source of power and wealth and it represents economic resource. The basic society group, according to Drucker, are knowledge users, that is, the
persons who are capable to employ knowledge to
run the business and he calls them “the knowledge
workers”. The knowledge workers apply knowledge on knowledge, and by doing it so they increase the productivity7.
During 1960s, Peter Drucker used a phrase
“discontinuity era” to define as best as possible
multiple technology and knowledge development,
international economy and ideologies. During the
1990s, the term became reality in modern economy where entrepreneur management dominates.
However, more and more companies, regardless
the size, financial power and ownership relations,
started to behave in entrepreneur way by applying
basic thesis of entrepreneur business and by using
entrepreneur management. It is based on the following factors:
–– accepting the changes,
–– creating the innovations,
–– knowledge as the basic resource.
Knowledge becomes the basic economic resource in the modern society, which enables for
other three resources such as labour force fund
and natural resources to become productive. The
traditional production factors such as land, labour
force and fund have not disappeared, but they
have become secondary – they are relatively easy
obtainable, if there is knowledge8.
Knowledge is becoming crucial production
factor. Knowledge is becoming tool, agent to accomplish results in the social and economic development. Knowledge is applied on knowledge in
modern economy.
Drucker P., “Post capital society”, PS Grmeč, Economic
Review, Belgrade, 1996, p. 26
7 Drucker P., “Post capital society”, PS Grmeč, Economic
Review, Belgrade, 1996, p. 12
8 Drucker P., “Post capital society”, PS Grmeč, Economic
Review, Belgrade, 1996, p. 47
6
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In such society, knowledge becomes an imperative – the knowledge society demands the responsible educated individuals that shall contribute to
the society development.
According to Deming9, there is no replace for
knowledge. Acquiring knowledge is known as
“Deep Knowledge” as Deming calls it and which
comprises the following elements: understanding
and respecting the system, knowledge about variations, knowledge and technology theories. Deming thinks that preparations for the future imply
that the employees never stop learning. The learning implies continuously environment “monitoring” (technical, social and economic one) in order
to feel the need for innovation, new production,
new service or the method innovation.
The modern concept is focused on human – the
human is the most important business resource.
Humans are the base potential of a company. The
employees must be the starting and ultimate point
in the company’s business quality improvement.
In his model for successful management and quality improvement, which consists of 14 principles,
Edward Deming gave humans special emphasis,
especially in the following:
–– it is necessary to introduce permanent
education for every employee in the
companies (principle 6);
–– introduce the categorical training and
personal specialisation (principle 13);
–– enforce into action the entire personnel to
accomplish the transformation (principle 14).
Education and creation of human resources is
one of the most important instruments in creating
the strategy and economy development policy. Efficiency, productivity, quality work and creativity
are demanded from the employees, and to accomplish these goals they must possess the series of
abilities, knowledge, personality traits, skills and
motivations.
The organisations’ learning degree may become
an important competitive advantage, and constant
learning and knowledge broadening are employees’ main task. It is necessary for the organisations
to learn faster in order to adopt the existing rules in
their business, and to discover future changes and
9 Deming E., “New Economic Science”, PS Grmeč,
Economic Review, Belgrade, 1996
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be ready for them, to develop the strategy which
shall enable them the business breakthrough and
in that way to gain strategic advantage.
Training means acquiring practical knowledge
and skills necessary for work, management and
organisational behaviour according to the adopted rules and standards. Education means acquiring and constantly innovate the broad scope of
knowledge in applied scientific disciplines and
successful business practice, relevant for business
and company’s goals in order to improve work
and management content. Education leads to the
change in knowledge, and training leads to the
change in skills.
Providing further education leads to the productivity increase and shorter working process.
The increase of employees’ education for 10% increases the total productivity for about 8%, while
increase of capital equipment for 10% increases
the productivity for 3.4%10. This example shows
that the employees’ intellectual potential is more
important than available physical fund for the
business success.
Modern tendencies of the countries’ development in market economy show that education
and formation of human resources is the top of
priorities in national strategies and policies of social, economic and technological development.
Knowledge investment, that is, appropriate human resource procurement that is able to adjust to
the alternated circumstances, obtains investment
character, and education policy is not just human
fund creation policy but also it is the part of the
entire society’s development policy.
Regarding that textile engineering is in the
group of progressive sciences and is the most important part of technological development, and
constantly alters and improves, the skilled workers constantly and intensively educate and innovate their knowledge and skills.

10 Inić,B., Kukrika M., „Intelectual Capital Management“,
Facutly for Trade and Banking, „Janićije i Danica Karić“,
Belgrade, 2003, p. 70
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4. Educational policy of the eu countries
and the countries in transition
The great reforms of education started in the
large number of the EU countries and on the other
continents in the last decade of the 20th century
and at the beginning of the 21st century. International context analysis shows that the meaning of
changes in the educational systems of the developed countries is that education management on
the state level adjusts as much as possible to the
complex conditions of global world, which shall
become more efficient. Countries in transition,
including Serbia, have additional reasons to seriously change their educational systems. Transition
requires that population acquire new skills that
enable successful managing in the society that is
changing very fast. Countries in transition inevitably need a serious educational reform, because
of social and national discontinuity, which led the
certain state to start transition.
The way to accomplish national educational
system is to apply the concept of constant education and society that learns. Faster technological and social changes, which led the knowledge,
skills, values, attitudes and habits to become old,
are the main reasons for creating and applying the
concept of constant education. Constant education
concept spread during the 1990s because of the
faster social, technological and structural changes
in the countries and aging of European population,
which could not be replaced with younger labour
force in the labour market.
Since Serbia wants to become a member of the
EU, it is important, during the national educational system development, to look after the concept
and principles on which the educational systems
in Europe are developed. The EU decided to become “the most concurrent and the most dynamic
economy based on knowledge in the world”. The
three educational goals to accomplish until 2010.
for the EU citizens’ benefit are:
–– Improve the efficiency quality of educational
system and training in the EU;
–– Easy approach (acquisition) to all
educational and training systems;
–– Accessible educational and training system

2010

technics technologies education management

The specific goals, which cover different types
and levels of education and training (formally, informally…), were arranged in order to accomplish
these ambitious but realistic targets whose aim
is to create the constant education concept. The
educational systems must approve in all aspects:
teacher training, basic skill, constant education
guidelines, and system flexibility in order to make
education available to all. The right of education is
basic human right, guaranteed by the Constitution
of Republic of Serbia. In the Strategy of the Ministry of Education and sport for the period between
2005. and 2010., the main strategic aim is quality
education for all, reachable only by specific goals,
of which the most important ones are:
–– Educational development and modernisation
planning according to the needs of an
individual, group and society in the whole,
along with national specific experiences and
European standards;
–– Available quality education for all;
–– Cooperation with international educational
institutions and its development and
improvement.
In order to successfully carry out the educational policy highly depends upon available resources,
mainly upon personnel, material, space and time
resources. That is why the reform must be gradual
process in which resource analysis is performed
before any change necessary for its successful application.
Regarding the structure of production power,
as well as the development level of society in the
whole, depend mainly upon the personnel development degree, that is, upon its structure and
educational level, the need of present and future
time demands personnel capable of adjusting to
frequent changes in technology and organisation
of work. That is why it is necessary to build such
educational system, which shall enable faster adjustment to the changes.
The aim is to introduce education of Serbia into
European education, and to create conditions for
Serbia to compare its educational system with the
western European one, and to develop it according to the standards and directions that the Western Europe is striving for. Further development of
education in Serbia should be in accordance with
2010

three basic aims of European education by 2010,
stated in the National Strategy for Joining the EU:
–– Increase the quality of education and training
in accordance with the new society demands
based on knowledge and modernisation of
educational and learning process;
–– Available educational and training system
to all in accordance with the constant
education principles, faster employment,
career development;
–– Accessible education and training in order
to connect labour and society faster, and to
respond to the challenges of globalisation.
The University represents the foundation of the
entire society development, and that is why it its
constant improvement is necessary in accordance
with the social needs. National education systems
built in Europe from the 11th century differ from
country to country. However, contemporary society demands and principles of unique Europe
require not only individual development, but also
international concordance of all countries. That
is why the great number of European countries
acceded to the construction of common system
fundaments of high education, by accepting the
Bologna Declaration. The synchronised work of
European countries is called the Bologna process.
The Bologna process is the name for the changes happening in the last few years in the higher education of European countries, in order to improve
education, develops European values and European cooperation. This is the biggest reform of the
higher education in Europe after the World War
II, which shall affect not only students and teachers but also the labour market and entire society.
One of the main aims of this process is to make
certain levels of higher education comparable in
all European countries, and to equal academic and
professional titles and educational levels in entire
Europe. 29 countries signed in 1999. in Bologna
the common declaration of European Ministries
of education famous as the Bologna Declaration.
Distinguishing European territory of higher education shall be established until 2010.,11.

11		www.vodickrozbu.com/univerzitet/univerzitetbuducnosti.htm)
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Bologna declaration insists on educational development and improvement of scientific knowledge, acceptance of European standards, along
with the reformation and adjustment of our educational system. Larger professional and creative
efficiency of the studies, the reduction of time
needed to finish the studies, greater students’ mobility and chances to pass on the higher levels and
forms of education and specialisation, opportunity
for the students to continuously focus on the skill
acquirement and concordance of educational profile with the vocational requirements are expected
from the reformed educational system.
Bologna Declaration implies the transparent
higher educational system, supported by wellbased quality system, verified in accordance with
the European standards. Modernisation of educational programs leads to the efficient studies, as
well as to the possibility for the students to gain
practical and operative knowledge that will enable
them to immediately involve in the working process after finishing the studies, which was not the
case earlier.
The creation of unique European area of higher
education until 2010. is the aim of the Bologna
process. The flaws of the exiting higher education
system according to the European University Association (EUA) are:
–– old educational programs and teaching
methods,
–– specific programs inadequate for the market
demands,
–– inadequate net of higher education
institutions,
–– low level of practical knowledge and skills,
–– extremely small number of graduates (30%
of enrolled students),
–– impossibility to acquire any kind of degree
for the students that passed large number of
exams but have not ended the studies,
–– inexistence of quality control system,
–– bad enrolment policy.
Modern educational and training concept tends
to respond to the requests of business organisation
regarding the constant level update of the employee’s total competences – professional knowledge,
motivation and behaviour skills as well as the influence on the organisational efficiency in the whole.
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The characteristic of the concept is the connection of the educational and training aims with the
development of an individual career of every person and organisation‘s goals. The most important
competitive advantage of an organisation is an
employee with knowledge.
The most common educational goals of specific educational programs are to:
–– increase the organisation’s competitive ability;
–– improve the working efficacy;
–– actualise employee’s knowledge and skills;
–– avoid the old management;
–– solve the organisation’s problems
–– direct the new employees
–– satisfy the individual needs of growth.
Many companies think the education and training are expenses. They must be aware that knowledge is expensive, and lack of knowledge is even
more expensive. Therefore, the main tasks for our
companies are to acquire knowledge for changes.
The intellectual capital becomes the crucial factor for the company’s development. Therefore, the
permanent learning and knowledge innovation are
necessary for both organisation and an individual.
Education and training must affect the quality of
human potential and work, if they are organised
according to the demands of the market economy
and quality system.
5. The analysis of the textile industry
situation in the region in the crisis period
and improvement of the competitive
advantage of the textile companies
The textile and clothing industry belongs to the
traditional sector of the processing industry and it
is one of the largest industrial sectors in the world.
It usually employs a large number of cheap and
low qualified mainly women labour whose work
is much less paid in comparison with other sectors of the processing industry. The social aspect
of the sectors is therefore extremely important for
all countries, since it is the industrial sector with
the largest number of employees.
This sector suffered great changes in global
proportions since 1970, which concur with the
structural crisis in the developed countries, the
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globalisation process and speed liberalisation of
the world’s market. The present uncertainty in the
textile industry of the developed countries – especially in Europe, is the consequence of continuous
and sudden changes in the areas in the last few
years. The changes led to the production and entire industrial sector restructuring and reorganisation. The result is significant decrease of the employees in the developed countries12.
Countries in the region, new members of the EU
form Central and Eastern Europe (CIE) are in the
different transitional processes, and some of them
have gone far enough with the reforms. What is
characteristic for these countries is that the textile
industry represented or still represents very important industrial sector in certain phases. The textile
industry has long tradition in these countries, but
it was neglected in the socialism because of heavy
industry, raw material industry and semi-manufactured goods industry. When socialism broke down,
it was obvious that the loss of market and growing import of cheap textile products form the Asian
countries presented the big blow for the textile
industries of these countries. Only job processing
with the EU contributed the slower degradation of
the textile industry in these countries.
The foreign partners form Western Europe
abandoned the companies from the ex Yugoslavia
republics because SFRY broke down and war destructions began, and turned toward the companies
in newly democratised countries of the ex eastern
block. The existing situation in these countries is
no longer prospective, because of stagnation and
negative trends that the textile industries of the
countries are faced with. The textile industry recovery, especially the Bulgarian and Romanian
one, happened after SFRY breakdown and due to
job processing with the EU countries. Therefore,
Bulgaria and Romania recorded the growth of
the textile industry participation in the entire processing industry production, since the production
moved from Serbia.
Countries such as Slovenia and Hungary are
highly productive in the textile sector, and highly
above the EU average in their prices and quality,
12 Završnik B., Critical Success Factors for International
Fashion Retailers Entering Foreign Markets, FIBRES
& TEXTILES in Eastern Europe, 2007, vol. 15, no. 4,
pp. 13-17.
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and are famous for their brands. They do not pose
concurrence to the Bulgarian and Romanian textile producers, and especially Grecian, which are
the same or above the EU average in quality, but
far more competitive in prices. That is why Slovenia, Hungary and Czech Republic as industrialised
countries slowly give in the production in the textile industry to the less developed countries, orienting themselves on the production with higher
added value.
The privatisation process in the countries in region is finished in almost every new EU member
states. In these countries, the privatisation process
was the main source of foreign investments in the
textile sector. In addition, the restructuring process
and technical modernisation process of the capacities took place along with privatisation process.
The textile industry lost personnel in the last
few years and the market is in hard situation today,
because the survival of the sector in Serbia is at
stake. For the past few years, the textile industry
was one of the leading export industries in SFRY,
and within SFRY, Serbia was the biggest textile
producer. The structure of the textile companies in
Serbia changed in the last few years due to privatisation process and inflexible and large organisation adjustment to the new market demands. The
privatisation and restructuring process was faster
in clothing industry than in yarn and fabric industry due to job processing. Clothing industry no
longer appears in the form of large clothing factories but in the form of small and middle companies. In that way, today we have a series of new,
smaller textile MSP that succeeded in creating its
place on the market, its own collection and acceptable and recognisable brand.
Due to hard conditions the textile workers
dealt with in the previous decade, the number of
the employees has reduced in the textile industry
(the textile industry sector has 59.500 employees),
both in the yarn and fabric industry and article
of apparel. However, if the negative trends since
1989 continue, the number of employees could be
reduced to 15-20.000.13 The production of textile
yarns, fabrics, articles of apparel is conducting in
1.489 companies, which makes about 2% of the
entire number of the companies. The textile in13		Serbian Chamber of Commerce, Serbian Textile
Industry, Belgrade, 2006, pks.komora.net, p.16
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dustry represents the industrial sector mostly hit
by the crisis and with the smallest working capital
and average salary on the minimum salary level
in Republic of Serbia. Before the economy crisis, this sector had the smallest average salaries
in Serbia and had difficulties due to large disloyal
concurrence (grey economy in the textile sector is
44% on the Republic level and 50.5% in Southern
Serbia of the entire exchange)14. Average net profit
in processing industry in august 2008 was 27.225
dinars, while average net profit in yarn and fabric
industry was 12.589 dinars, and in clothing industry 12.019 dinars 15.
Clothing industry in Serbia as well as everywhere else is so-called women industry because
it has more female than male employees. Female
workforce dominates the textile industry and
makes 80% of workforce. Serbian textile industry in the whole is a typical example of intensive
labour economy sector with traditionally low salaries, which employed increasing number of female
workforce. Age structure of the employees in the
textile industry is very unfavourable, because the
average age is 45 and young people are not interested for the vocation. There is insufficient number of creative professional personnel (creators,
designers) or at least there is a poor organisation
in hiring them, that is, there is poor connection between the companies and educational institutions.
It all results in low working productivity.
Modern market business of the Serbian textile
companies, especially during the economy crisis,
is characterised by unfavourable aspects, which
are reflected in poor position of the textile companies on the global market, reduced concurrence,
lack of technology, insufficient employees’ training, and absence of standards and so on.
The textile production in the countries in the
region practically does not exist and it is in dire
crisis, as is the case with the textile industry in
Croatia. The main problem is that there is no primary production and that clothing industry makes
75% of textile industry, which is not competitive

in modern conditions of the EU market16. The
salaries of the textile workers are the lowest in
the country – 400 EUR in average, and managers
say it is due to large part of female workforce and
average sick leave and seasonal work extent. The
companies, which invested and modernised technology in the last years or specialised for specific
production have the largest survival potential. The
Strategy for textile and clothing industry development for period 2008.-2012. was presented last
year to the public, which plans to invest 200 million EUR in restructuring and development of the
industry. The Strategy plans development of small
and middle companies, professional specialisation
and employment, environment protection, energy
saving and assistance in development and research. According to the operational programme,
the funds will be assigned based on the entrepreneur’s project and the state will participate with
the maximum cost share of 30%.
Important political changes in Slovenia, which
started in 1989. had drastic influence on Slovenian
economy structures. Slovenia has lost most of the
Yugoslavian market, while eastern European markets have undergone the essential restructuring. At
the beginning of the Slovenian industry restructuring, the textile and clothing industry kept an
important position. In 1992, the textile industry
makes 14% of entire employed human resources
in the industrial sector, which was composed of
13% of Slovenian industry shares and represents
10% of industrial export. Until 2006, the personnel fell to 8.7%, Slovenian industry share fell to
4.2% and export share fell to 3.5%17. The fact that
Slovenia became member of the EU in May 1st did
not stop the share in clothing industry export, and
introduction of Euro had no effect on the competitive position and development on the international
market. Employee reduction in Slovenian clothing
industry was the consequence not only of clothing
industry companies’ bankruptcy but also of constant employees’ reduction in order to optimise
production potential and decrease costs18.

14		www.poslovnimagazin.biz/vesti/spasavanje-tekstilneindustrije-1-4270
15 Serbian Chamber of Commerce, Association of textile,
clothing, leather industry and shoe industry, Table
presentation of business activity in textile, clothing,
leather industry and shoe industry, January – august
2008.

16 www.javno.com
17 Source of information: Statistical Office of the Republic
of Slovenia, Ljubljana, March 2008.
18 Jože Smole, Status and future of the Slovenian and
European clothing industry, Tekstilec No. 7-9, 2009,
p.233-237
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Dynamics in production degradation led to
the human resources reduction, but the human
resources reduction was slower that production,
which caused the weakening of Slovenian textile
industry in global concurrence. Besides, textile
and clothing industry had undergone restructuring
more slowly than other processing industries.19
Constant pointing out that restructuring of Slovenian textile and clothing industry is not perspective greatly damaged Slovenian clothing industry.
They face with high schools collapse every year
and smaller number of enrolled student on the faculties. The textile industry is facing lack of certain
working profiles for some time, and the lack will
be even larger in the future20.
The essence of insufficient competitive ability
problem is necessary to trace in management, as
well as in technical-technological production aspect. This especially refers to the domestic textile
industry companies, which have problem with
competitive ability on domestic market for years.
In this sense, the main action areas, in order to improve business quality of domestic textile industry
companies are business quality improvement and
knowledge improvement of managers and employees.
In our country, despite slow recovery of industrial delay and fund deficiency, there are enough
space and conditions to stimulate revival of textile
industry. In the near future, Serbian textile should
reach enviable export level in comparison to other
industry sectors. Real expectations are completely
evident and most of the companies can join very
quickly as a reliable partner with large number of
international companies.
Long-time crisis in Serbia hit production and
caused development delay. Serbian government
initiated drafting of The Industrial Development
Strategy until 2010. with desire and need for active relation in directing future development of
Serbia. The Strategy should point out the industrial development potentials in Serbia and require
national product increase, international concur19 Kovač J., Semolič B., Završnik, B., Restructuring the
Textile and Clothing IndustrY Using Modern Business
Models. A Slovenian Case Study, FIBRES & TEXTILES
in eastern Europe 2009, Vol.17, No.3 (74) pp. 11-16
20 Jože Smole, Status and future of the Slovenian and
European clothing industry, Tekstilec No. 7-9, 2009,
p.233-237
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rence and life standard increase. Strategy for textile industry development should point out the
development potential of the industrial sector in
Serbia in order to spot those industrial sectors that
can lead the development and that our developmental potentials are valorised in the market in
the best possible way. The development strategy
aim is creating international competitive and open
economy that will mainly join the globalisation
process of world’s economy in a way to provide
faster and sustainable development. Textile industry is because of the working circumstances mainly oriented on export. That is why the factory experts want to adopt new technologies and working
procedures. It is necessary to provide an insight
in market trends for the domestic experts providing textile fairs, samples and fashion tendencies. It
is very important to significantly increase quality
level, product or model diversity.
Domestic textile industry made a large pause in
investments, therefore partly lost pace with modernisation. Still, it is possible to introduce new
products working procedures in textile industry.
First, it is necessary to repair machine stock with
small investments and to introduce automatics. In
order to provide increase in professional level it
is necessary to educate personnel and to provide
specialisation for the existing personnel. There is a
risk of having machines but lack of experts.
Modern market business concept requires harmonisation of necessary knowledge and skills on
every employee level. It is very important that the
right people perform the given task and to give the
opportunity to every employee to specialise oneself until they are capable of performing the job.
Modern economy managers must be capable
of (due to erosion, knowledge amortisation which
becomes old for 50% during 3-5 years) acquiring
new knowledge constantly. The fact points out
the new role of education – education must pervade the entire society. The educational system
must become open, dynamic, and offensive as the
knowledge itself.
Textile technology engineers, according to their
basic education, are first called to participate in
technology management concept, which is crucial
for the growth and development of these companies. The new action area of textile engineers goes
into management structures, starts to overpass
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technical-technological knowledge and skills, and
requires multidisciplinary in work realisation.
Domestic textile industry, along the problems
that have existed for many years (old equipment,
fund deficiency, innovativeness deficiency and so
on) represents significant area for development,
especially if interest of foreign partners is taken
into account (infrastructure availability, cheap
workforce, market proximity and so on).
Education of every employee in textile companies represents precondition for acquiring better
business effects – the better knowledge and skills
in computer science and management is pointed
out as well as using foreign experiences.
Thorough restructuring of educational system
is necessary. Thorough reforming and rationalisation of educational system, according the textile
sector development in the world is necessary to
conduct as soon as possible, because there is a
great deficiency in adequate personnel on all levels from artificer to executive managers21.
Transition process reinforced constant problems
of Serbian textile and clothing industry companies. To define the guidelines for development of
business in this sector, research was conducted in
Serbia in order to gain opinions of various profession and function experts in textile and clothing industry, economy, education, scientific and research
work. The aim of research was future development
of textile and clothing industry and development of
national economy. The questionnaire was made to
encompass issues of business improvement, recommendation and suggestions for textile sector
improvement and small and middle companies’ development. In relation to the attitudes concerning
the increased necessity to compare business of domestic companies with international leaders, it was
necessary to state the value of technologic level of
domestic companies. The large number of examiners think that technological level of domestic companies are average, as well as competitive ability of
domestic textile industry companies in comparison
to developed countries.
The experts (90% of them) think that textile industry companies in Serbia are perspective while
only 10% has the opposite opinion. The reasons
why textile industry companies in Serbia are pro21 Serbian Industry Development Strategy Until 2010,
Ministry of Science and Technology, Belgrade 2002.
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spective are cheap and experienced workforce
(34.48%), production experience and lohn job experiences with foreign partners (28.74%), good existing infrastructure (14.94%), and installed capacities
in each sector (8.05%), skilled personnel (8.05%),
and nearness of large and rich market (5.75%).
Most of the examiners (50%) think that the
technological level of domestic companies is average, 26% of them think that it is low, 16% think
that it is satisfactory, 6% think that it is unsatisfactory while only 2% think that the technological
level is high. When competitive ability of domestic companies in textile industry is concerned 58%
of experts think that it is average, 22% think that
it is satisfactory, small part of them think that the
competitive ability level is low (18%), while only
2% of the examiners think the level is high.
The research referred partly to the problems
those domestic companies in textile industry face
with. The experts think that the most important
problems that domestic companies in textile and
clothing industry face with are old equipment
(27.54%), fund deficiency (17.39%), specialisation deficiency (16.67%), deficiency of innovativeness (10.14%) and inadequate appliance of
computer technologies (10.14%) and knowledge
deficiency (8.70%).
Small and middle companies represent the part
of economy that has significant development potentials. Development of entrepreneur’s initiative
provides the formation of autochthonous private
capital, and the development of small and middle
companies creates the conditions for faster local
development, stronger private property and solving of certain macroeconomic problems such as
unemployment. Because of this, most of the experts (98%) see the growth in development of Serbian small and middle companies.
In order to promote the advantages of MSP,
the good experiences of the countries in which the
transition process is successful would be a good
example of understanding the importance of creating the MSP net that offers a series of advantages
in the training and education sector and production of small flexible series of various assortment
sector. Small and middle companies in the textile
industry are strategically integrating in clusters in
order to improve the market concurrence. Textile
industry cluster is founded in Serbia but its activi2010
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ties should improve significantly so it could provide the anticipated effects. The main factors of
achieving the competitive advantage of textile industry companies are shown in the Table 2.
Table 2. The factors of competitive advantage of
textile industry companies
No
1.
2.
3.
4.
5.
6.

Factors of competitive
advantage
Improvement of employees’
knowledge
Privatisation
Appliance of quality
management concept
Attracting the foreign
investments
Development of small and
middle companies
Cluster development and its
association
Fast trend adjustment

%
32,29
18,75
16.67
12,50
11,46
7,29

7.
1,04
Σ
100
From Urošević S., „Modern Business Concept and
Education Improvement of Skilled Personnel in Textile Industry“, TF „Mihajlo Pupin“ Zrenjanin, 2007,
Doctoral Disertation

As well as in other countries in transition, the
clothing production has larger significance than
yarn and fabrics production. This is because the
great numbers of the companies for yarn and fabrics production have old equipment and lags behind the modern technological achievements. The
yarn and fabrics production is technologically
more intensive than clothing production, and in
that way more sensitive on differences in levels
of technological equipment of the capacities. The
equipment improved in the yarn and fabrics production sector in the last 15 years. It became more
productive and it used energy-generating products
and raw material more effectively as well as it
introduced new materials. Therefore, the significant level of investments in fixed assets is necessary to increase the yarn and fabrics production
in Serbia and to become competitive on domestic
and international markets. Regarding the clothing
production, the quality of existing equipment and
unused capacities has the potential to significantly
increase the production in short term. The equipment modernisation problem in this sector is pos2010

sible to solve by procuring additional machines in
order to combine with the existing ones22.
Lack of personnel with modern abilities influence on efficient development of textile sector
(growth of national product, concurrence increase,
better strategic position, technological modernisation, business modernisation and other modernisation) and because of it, education of every employee is precondition for business productivity.
In future, textile and clothing industry will be able
to survive and do business successfully only if the
business policy is applied. The business policy
must be oriented toward demand requests, flexible
– to adjust to the eventual changes, able to meet
consumers’ specific requests and able to switch
to other production type swiftly and easy. It also
must follow new technological and management
innovation.
6. Students’ and experts’ attitudes
regarding improvement of educational
level on textile colleges
One of the most common problems of domestic
economy, which mainly causes bad market appearance of our companies in international markets, is
certainly inadequate use of knowledge, primarily
of knowledge necessary for successful company’s
management. Domestic companies have problems
with appliance of modern managing methods and
techniques in business for years. Increase of professional and creative efficiency of studies, less
duration of studies, higher mobility and chances
for students to pass on higher levels and forms
of education and specialisation, continuous science monitoring and skill acquiring, adjustment
of educational profile and improvement of scientific knowledge and adjustment of our educational
system with demands of professional work are expected form reformed educational system. Bologna
Declaration insists on educational development and
improvement of scientific knowledge, acceptance
of European standards along with reformation and
adjustment of our educational system.
22 Urošević S., „Factors of Competitive Advantage of
Domestic Textile Industry Companies”,
Quality,
Belgrade, ISSN 0354-2408 No. 5-6, 2009, 71-75
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The analysis of students’ attitudes as the users
of university services is given in order to define
necessary knowledge and skills that experts in
textile industry should possess in market business
conditions but also specific requests of experts to
improve knowledge and educate professional personnel in textile industry. Indentifying all factors
that have influence on educational improvement
of professional personnel in textile industry was
the aim of conducted research. When the existing
situation was indentified and analysed, it was necessary to improve business quality as well as professional personnel quality in textile industry in
order to improve concurrence of domestic textile
companies that are experiencing problems with
competitive ability for several years. The research
of experts’ attitudes was conducted on Serbian
territory in order to gain expert opinions of various professions and functions in textile industry,
economy, education, scientific and research work
and students of textile faculty.
Domestic experts are unique in contributing the
development of domestic industry. Experts and
students respondents share the same opinion that
textile organisations must trust textile engineers
that have finished our colleges and faculties. Most
of the expert respondents (80%) as well as most
of the student respondents (73%) think that textile
organisations must trust textile engineers that have
finished our colleges and faculties. Most of expert
respondents (64%) think that the existing educational profile on domestic faculties can prepare
engineers for the challenges of economy in transition. The experts that gave affirmative answer on
the previous question said that the most important
reasons why domestic faculties can prepare engineers for the challenges of economy in transition
are multidisciplinary (52.08%), theoretical basis
(33.33%) and innovativeness (14.58%).
Regarding the research, there were some interesting results concerning in which way textile engineer is perceived in the future, and domestic experts
see him as textile and clothes designer (32.26%),
knowledge worker (30.65%) and techno-manager
(27.42%), but only 9.68% perceive him as the researcher in progress, as shown in Figure 1.
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Figure 1. Textile engineers of the future

From Urošević S., „Modern Business Concept and
Education Improvement of Skilled Personnel in Textile Industry“, TF „Mihajlo Pupin“ Zrenjanin, 2007,
Doctoral Disertation

The experts think that knowledge (40.40%), capability to learn (21.21%) and initiative (12.12%)
are the most important characteristics that new
business conditions require of a textile engineer,
as shown in Figure 2.

Figure 2. The characteristic that new business
conditions require of a textile engineer Source

From Urošević S. ,,Modern Business Concept and
Education Improvement of Skilled Personnel in Textile Industry“, TF „Mihajlo Pupin“ Zrenjanin, 2007,
Doctoral Disertation

More that half of expert respondents (54%)
think there is insufficient number of professional
subjects necessary for professional specialisa2010
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tion. In order to improve their educational plans
and programs the experts suggested the colleges
the following: obligatory expert practice (26%),
creating the possibility for visiting or conducting
expert practice in foreign countries (15%), introduction of new professional subjects (15.07%), intensive cooperation with organisations concerning
new information (11.64%), employing domestic
and foreign experts to teach professional subjects
(10.96%) and introduction of new management
contents (8.89%).
Competitive advantage of Serbian textile industry must be based on innovations, quality,
improved technology and larger workers’ competence. Educated people, that is, human potential
is the greatest potential that would lead to faster
economical development of textile industry23.
The education of every employee represents
the precondition for achievement of better business effects, and mainly business productivity
improvement. As one of the main factors that can
improve competitive ability and business of our
textile companies is wider appliance of quality
management concept, and the precondition to do
this is the improvement of employees’ knowledge
in our companies, especially of executive managers, managers and company owners 24.
The analysis of the need for educating the textile engineers that now work in the textile industry
companies shows that the education must necessarily be conducted in the following areas: Accounting and Computer Science (28.35%), Foreign Languages (16.54%), Management (16.54%),
Design (11.02%) illustrated in the Table 3.

23 Urošević S. „Quality – the means for realising the
prosperity and concurrence of the textile industry“,
JUSQ-International conferrence on quality 2009, with
moto „Quality for european and wolrd integrations“,
May 31th-June 4th 2009, Belgrade, Serbia, International
Journal, Total Quality Management & Exellence, YU
ISSN 1452-0680, No. 1-2, Vol. 37/2009, p. 121-126
24 Urošević S., „ A Strategy For the Textile Industry –
Expert Personnel Development in the Transitional
Environment“ Serbian Journal of Management,
An International Journal for Theory and Practice of
Management Science, ISSN 1452-4864 Volume 3,
Number (I) (2008), 83-93
2010

Table 3. The need for educating the textile engineers that work in the textile industry
No

Name field

%

1.

Foreign languages

16,54

2.

Computers and informatics

28,35

3.

Marketing

9,45

4.

Management

16,54

5.

Design

11,02

6.

Entrepreneurship

3,94

7.

Quality management

14,17

Σ
100
From Urošević S. ,„Modern Business Concept and
Education Improvement of Skilled Personnel in Textile Industry“, TF „Mihajlo Pupin“ Zrenjanin, 2007,
Doctoral Disertation

The new way of studying according to Bologna
Declaration implies well-balanced combination of
theory and practice. When being asked whether
the students should have an adequate practice, the
expert respondents (93.75%) think that students
should have an adequate practice in textile and
clothing industry area. According to the survey,
most of the students (78%) think that during the
studies they did not have adequate practice in textile plants. The examined students think that besides
the knowledge in textile technology their education
should be directed towards design (26.46%), foreign language (17.87%), accounting and computer
science (15.46%) and management (10.31%).
Regarding the suggestions in order to improve
professional education classes, the students suggested more professional practice (60%), and
more design subjects (31%), more applied computer science subjects (6%) and more management subjects (3%).
Regarding the professional practice the opinions are similar. Most of the experts (94%) think
that professional practice should accompany the
entire education, and most of the students (60%)
think that professional practice should be performed in each semester.Most of the student respondents (78%) think that they did not have adequate practice in the textile plants. Most of the
students (85%) think that acquired knowledge
in high school is sufficient to attend the professional subject classes, and the things that disturb
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the attendance are ex-department classes (37%),
long-winded study programme (33%) and modest
knowledge in these subjects (30%).
7. Conclusion
Textile industry is crucial industrial driver of
national economy in many countries. Not only it
helped people directly in satisfying their needs but
it also influenced on quality and life standard increase and lower unemployment. Textile industry
as economy sector has the chances to increase the
production and export and to overcome the economy crisis, because small and middle companies
of textile industry have the mechanism to better
persist the world economy crisis in comparison to
large companies.
Competitive advantage of Serbian textile industry must start from innovation, quality to technology improvement and larger workers competence. Educated people are the biggest potential
that would lead to faster economic development
of textile industry. The responsibility of professional personnel in textile industry is seen in constant education and training of constant education
principle and knowledge and skills innovation.
Preconditions for successful technology management are created in such way, which is vital for
growth and development of these companies and
specific economy sector.
In order to improve quality of domestic companies business in textile industry, colleges should
educate professional personnel in accordance with
European integration flows. The existing education profiles on domestic faculties are able to prepare textile engineers for challenges of economy
in transition, and textile companies can trust the
textile engineers that have finished our colleges
and faculties.
Education of every employee in a textile company represents precondition for acquiring better
business effects – especially the need for better
knowledge and skills in computer science and management is emphasised as well as usage of foreign
experiences. The responsibility of professional personnel in textile industry is perceived in constant
education and training of constant education principles and innovation of education and skills.
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Therefore, most of the countries are conducting
continuous education on all levels and personnel
structures in order to harmonise the more rigorous
conditions of European community. It is necessary
that college and faculties harmonise their education plans and programmes in accordance with
Bologna declaration.
Even though Serbian economy is suffering
form temptations of transition and transformation
from state to economic market, and private initiative and ability, it has huge natural resources and
knowledge, and must educate managers and technicians that will lead national economy.
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Abstract
Humans are not the same and have various values and norms which is dependent on culture. In
order to increase the efficiency, human resource
managers need to maximize the efficiency of organizations’ most valuable resource which is its humans. To this end, special attention should be made
to work values of the employees and the issues
which affect them. Although a relatively large body
of literature exists about the demographic differences of work values, most of the previous research
has focused on a single demographic variable. The
objective of the paper is to explore the relationship
of five demographic variables, namely age, gender,
education, position, and working experience, with
work values in an Iranian governmental organization. In the lack of any significant research on work
values in the Iranian context, this paper fills the gap
by shedding light on the issue and adding to the literature. Findings of the paper show that among all
the five main hypotheses, education has the strongest effect on work values, by having a significant
relationship with all the 5 sub-categories of work
values. Besides, gender and working experience
similarly have a significant relationship with all
sub-categories of work value except work–life balance.
Keywords: Work value, governmental organization, Iran
Introduction
The heightened awareness and appreciation of
differences in values and cultures from a personal
and organizational perspective has rendered an
166

increased attention to their influence (Soontiens
and De Jager, 2008). As almost everyone belong
to a number of different groups and categories of
people at the same time, people unavoidably carry
several layers of values within themselves (Iguisi,
2009, p. 144). People with different background
and culture behave differently in the workplace,
which can be caused by people’s different goals,
expectations and work values. This has led to a
growing interest among human resource managers and scholars from around the globe in ways of
managing and working with people with various
background and cultures. Although various explanations have been given by culturalists (Ram
and Jones, 1998; Barrett et al., 1996; Wilson and
Portes, 1980), as Knocke (2000) mentions, most
of the time the underlying source of these differences is unknown. This is especially true considering the differences of the culture, therefore the
factors which affect the work values of employees
in western context, should not necessarily remain
important in the Asian context. Therefore further
studies on work values in different societies, especially in developing countries can still be of interest and add to the body of literature. As discussed
by Li et al. (2008), in order to maintain organizational leadership, organizations need to take into
consideration the interaction of diverse population
and age groups (Goldberg, 2000) and an awareness of generational differences and representative
values adopted by each group (Izzo and Withers,
2001; Meredith et al., 2002).
As shown by previous studies, understanding
the employee’s demographic differences on work
values helps in creating a win–win outcome for all
concerned (Sullivan et al., 2002). Although there is
a relatively large body of literature about the demo2010

technics technologies education management

graphic differences of work values, most of the previous research has focused on a single demographic
variable, such as age (Itzhak, 1999; Joyner, 2000;
Rhodes, 1983); gender (Boatwright and Slate,
2000; Hill, 1997); education (Pastor, 1982; Rowley, 1996; Sekaran, 2000) and other variables like
tenure (Mowday et al., 1979). Only recently, a research by Li et al. (2008) used various demographic
factors collectively and overcame this deficiency.
This paper, in line with the efforts of Li et al. seeks
to follow this new trend and examine the effect of
five demographic variables, namely age, gender,
education, position, and working experience on
work values. Since, to the best of the authors, no
significant similar research in Iranian society has
been conducted and published, this research helps
to fill the gap, grow the body of literature and give
insights on the Iranian society.
Work Values
There are a wide range of discussions on human values in the literature (Rokeach, 1973; Hofstede, 1980; Schwartz, 1994). Rokeach (1973)
defines value as “an enduring belief that a specific mode of conduct or end-state of existence is
personally or socially preferable to an opposition
or converse mode of conduct or end-state of existence.” Schwartz et al. (1999: 24–5) state that
values represent the concepts of what is really desirable and guide social actors in their selection of
behaviors, and are used to assess other people and
explain people’s responses in general.
As argued by Rokeach (1973), a value system
is “an enduring organization of beliefs concerning preferable modes of conduct or end-states
of existence along a continuum of relative importance”. Hofstede (1980) defines a value as “a
broad tendency to prefer certain states of affairs
over others.” Schwartz (1994, cited by Song and
Gale, 2008) argues that there is widespread agreement in the literature regarding five features of the
conceptual definition of values: a value is a belief,
pertaining desirable end states or modes of conduct, that transcends specific situations, guides
selection or evaluation of behavior, people, and
events and is ordered by importance relative to
other values to form a system of value priorities.
2010

On the other hand, work values can be defined
as the importance individuals give to outcomes
arising in work context (Elizur, 1984). From the
viewpoint of the theory of basic human values,
work values are specific expressions of general
values in the work setting (Ros et al., 1999).
Research on work values can be divided into
three main categories, namely structure, correlation to other personal, social, or organizational
variables, and cultural factors (Sagie et al. 1996).
A study by Ralston et al. (1993) which compared
the values of managers from the USA, Hong Kong
and the People’s Republic of China, indicates that
often both culture and the business environment
interact to create a unique set of managerial values
in a country.
Among the various definitions of work values, Super’s Work Values Inventory (WVI; Super,
1970) is arguably the best-known instrument for
assessing values in terms of vocational behavior
(Jennifer and Gareth, 1997). Super (1970) defined
work values as the part of individuals’ values that
work can satisfy. According to Super (1973), values derive from needs are more general than interests. Work values are goals that one seeks to attain
to satisfy a need; they may be satisfied by more
than one kind of activity or occupation.
Besides, Connor and Becker (1975) have proposed that values have implications for conflict,
communication, organizational performance, and
managerial actions, such as emphasis on goals and
types of control. Furthermore, some researchers
(Mitra et al., 1992) suggest that when individuals
cannot use their work values in a particular job,
it may cause feelings of dissatisfaction. This, as a
result, may lead to withdrawal from work through
absenteeism, tardiness or intentions to leave
(Locke, 1976) and they may experience negative
emotions such as jealousy and envy that may in
turn affect the performance of coworkers (Salovey
and Rodin, 1991).
Hypotheses Development
Age and Work Value
As indicated by Rabinowitz and Hall (1977),
age is positively associated with job involvement,
for the older workers could have more successful
167
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experience and this may add to their job involvement. Therefore, work values may be correlated
with age and influence work outcomes. Table 1,
summarizes the findings of some of related studies
on the effect of age on work values.
Table 1. Summary of some related studies on effects of age on work value
Study

Findings

Rabinowitz
and Hall, 1977

Positively associated with job
involvement

Mowday et
al., 1979

More tenured employees are less
likely to leave than are younger
employees

Rhodes, 1983

Older workers may have a
different work values than
younger workers

Sullivan et al.,
2002

The younger generations pay
significant attention to how
their individual values might be
fulfilled when looking at career
options and potential employers

Therefore, the following hypothesis is defined:
–– H1: There is significant relationship between
age and work value.
The sub-hypotheses, on the other hand, consider the relationship between the demographic variables (age, gender, education, position and working experience) with the five categories of work
value namely making contributions, interpersonal
harmony, work–life balance, self-development,
and job satisfaction. Therefore the following subhypotheses are defined:
–– H1a: There is significant relationship
between age and making contributions.
–– H1b: There is significant relationship
between age and interpersonal harmony.
–– H1c: There is significant relationship
between age and work–life balance.
–– H1d: There is significant relationship
between age and self-development.
–– H1e: There is significant relationship
between age and job satisfaction.
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Gender and work values
Under traditional culture, men have a different identification to women. Normally women’s
social role of gender may lead to their lower job
involvement than man and their double-role workload may also cause a lower job involvement. But
there are also a number of studies in the past 20
years which state that females are more likely to
exhibit better work attitudes than their male counterparts (Furnham and Muhiudeen, 1984; Hill,
1997; Petty and Hill, 1994).
To test this relationship, the following hypothesis and sub-hypotheses are defined:
–– H2: There is significant relationship
between gender and work value.
–– H2a: There is significant relationship
between gender and making contributions.
–– H2b: There is significant relationship
between gender and interpersonal harmony.
–– H2c: There is significant relationship
between gender and work–life balance.
–– H2d: There is significant relationship
between gender and self-development.
–– H2e: There is significant relationship
between gender and job satisfaction.
Education and work values
As shown by research, the people who have
a higher level of education tend to be more individualistic and have high self-esteem and prefer
job autonomy (Rowley, 1996; Sekaran, 2000).
Research finding by Fuchs (1971) and Manheim
(1988) shows that the employees’ education level
positively relates to their job involvement.
To test and verify this relationship, the following hypotheses were defined:
–– H3: There is significant relationship
between education and work value.
–– H3a: There is significant relationship
between education and making
contributions.
–– H3b: There is significant relationship
between education and interpersonal
harmony.
–– H3c: There is significant relationship
between education and work–life balance.
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–– H3d: There is significant relationship
between education and self-development.
–– H3e: There is significant relationship
between education and job satisfaction.
Position and Work Values
As motioned by Li et al. (2008), according to
Herzberg’s (1966) Two Factor Theory, responsibility is one of the important motivating factors
for employees’ work satisfaction, and so it could
be inferred that the higher one holds the position
in an organization, the more responsibility he or
she will take, the higher work values he or she will
perceive. To test this, the following hypotheses are
defined:
–– H4: There is significant relationship
between position and work value.
–– H4a: There is significant relationship
between position and making contributions.
–– H4b: There is significant relationship
between position and interpersonal
harmony.
–– H4c: There is significant relationship
between position and work–life balance.
–– H4d: There is significant relationship
between position and self-development.
–– H4e: There is significant relationship
between position and job satisfaction.
Working Experience and Work Values
A variety of research demonstrated that the relationship between an employee and his or her supervisor is an important influence on employee reactions (Abdel-Halim, 1982; Repetti and Cosmas,
1991). Normally, employees with more working
experience are better recognized and trusted by
supervisors. Besides, they also form internal networks with their peers that differentiate them with
the new comers or less experiences employees. To
test if the working experience has any effect on
work values, the following hypotheses are formed:
–– H5: There is significant relationship
between working experience and work
value.
–– H5a: There is significant relationship
2010

––
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between working experience and making
contributions.
H5b: There is significant relationship
between working experience and
interpersonal harmony.
H5c: There is significant relationship
between working experience and work–life
balance.
H5d: There is significant relationship
between working experience and selfdevelopment.
H5e: There is significant relationship
between working experience and job
satisfaction.

Methodology
Procedure and Sample
For the purpose of the study, a questionnaire
composed of 27 work value behaviors was developed based on the study of Li et al. (2008) which
itself used Super’s Work Values Inventory (WVI;
Super, 1970). The 7-point Likert scale, ranging
from 1 (completely agree) to 7 (completely disagree) was used for this research.
Iran’s Ministry of Health has been chosen for
this study. At the date of the survey, ministry of
health in Iran had different deputies. One of the
most important and effective deputies was deputy
of management development and resources. This
deputy itself consists of five deputies including
deputy of Budgeting, deputy of physical resources
and development plans, deputy of human resource
management, deputy of legal issues and deputy of
management development and official reform.
Out of 150 questionnaires distributed, 109
completed questionnaires were returned giving a
response rate of 72.6%.
Demographics
Five demographic variables describing the subjects of the sample were included in this study and
were used as independent variables. Gender was
coded with 1 for men and 2 for women; Age was
measured by age levels coded with 1 for below
25 years old, 2 for 26 to 35 years old, 3 for 36 to
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Findings

45 years old, and 4 for over 46 years old; Position was coded with 1 for employees, 2 for managers and 3 for other staffs. Working experience
was measured by six levels coded with 1 for less
than 5 years, 2 for 6 to 10 years, 3 for 11 to 15
years, 4 for 16 to 20 years, 5 for 21 to 25 years,
and 6 for over 26 years. Education was measured
by five levels, with larger values corresponding
to higher levels of educational attainment. Tables
2, summarizes the demographic characteristics of
the study sample.

Findings of the paper show that among all the
five main hypotheses, education has the strongest
effect on work values, by having a significant relationship with all the 5 sub-categories of work
values. Besides, gender and working experience
similarly have a significant relationship with all
sub-categories of work value except work–life
balance. Table 3 summarizes the test results for all
the hypotheses.

Table 2. Demographic Characteristics of the Study Sample
Category

Age

Gender

Position

Education

Work Experience

Frequency

Percent

Cumulative Percent

Less than 25

3

2.8

2.8

26-35 years old

72

66.1

68.8

36-45 years old

31

28.4

97.2

More than 45

3

2.8

100.0

Total

109

100.0

Male

67

61.5

61.5

Female

42

38.5

100.0

Total

109

100.0

Employee

73

67.0

67.0

Manager

24

22.0

89.0

Other

12

11.0

100.0

Total

109

100.0

Diploma

3

2.8

2.8

Higher Diploma

9

8.3

11.0

Bachelor

55

50.5

61.5

Post Graduate

42

38.5

100.0

Total

109

100.0

Less than 5 years

42

38.5

38.5

6 to 10 years

41

37.6

76.1

11 to 15 years

12

11.0

87.2

16 to 20 years

10

9.2

96.3

21 to 25 years

4

3.7

100.0

More than 25

0

0

100.0

109

100.0

Total
170
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Table 3. Tests results of hypotheses
Hypotheses

Test Result

Age & Making Contributions

Rejected

Age & Interpersonal Harmony

Rejected

Age & Work–life Balance

Accepted

Age & Self-development

Rejected

Age & Job Satisfaction

Accepted

Gender & Making Contributions

Accepted

Gender & Interpersonal Harmony

Accepted

Gender & Work–life Balance

Rejected

Gender & Self-development

Accepted

Gender & Job Satisfaction

Accepted

Education & Making Contributions

Accepted

Education & Interpersonal Harmony

Accepted

Education & Work–life Balance

Accepted

Education & Self-development

Accepted

Education & Job Satisfaction

Accepted

Position & Making Contributions

Accepted

Position & Interpersonal Harmony

Rejected

Position & Work–life Balance

Rejected

Position & Self-development

Accepted

Position & Job Satisfaction

Accepted

Working Experience & Making Contributions

Accepted

Working Experience & Interpersonal Harmony

Accepted

Working Experience & Work–life Balance

Rejected

Working Experience & Self-development

Accepted

Working Experience & Job Satisfaction

Accepted

Below, the test results related to each sub-hypothesis are illustrated in the tables following each hypothesis.
Hypothesis 1: There is significant relationship between age and work value.
H1a: There is significant relationship between age and making contributions.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value
15.731a
17.927
1.783
109

df
12
12
1

Asymp. Sig. (2-sided)
0.204
0.118
0.182

H1b: There is significant relationship between age and interpersonal harmony.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases
2010

Value
15.635a
18.494
0.369
109

df
12
12
1

Asymp. Sig. (2-sided)
0.209
0.101
0.544
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H1c: There is significant relationship between age and work–life balance.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

34.288
36.057
0.467
109

a

df

12
12
1

Asymp. Sig. (2-sided)

0.001
0.000
0.494

H1d: There is significant relationship between age and self-development.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

15.083
18.492
0.044
109

a

df

15
15
1

Asymp. Sig. (2-sided)

0.445
0.238
0.833

H1e: There is significant relationship between age and job satisfaction.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

26.520a
30.105
0.028
109

df

15
15
1

Asymp. Sig. (2-sided)

0.033
0.012
0.867

Hypothesis 2: There is significant relationship between gender and work value.
H2a: There is significant relationship between gender and making contributions.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

23.378a
27.409
14.612
109

df

4
4
1

Asymp. Sig. (2-sided)

0.000
0.000
0.000

H2b: There is significant relationship between gender and interpersonal harmony.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

11.107a
13.033
8.104
109

df

4
4
1

Asymp. Sig. (2-sided)

0.025
0.011
0.004

H2c: There is significant relationship between gender and work–life balance.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

3.818a
3.870
0.007
109

df

4
4
1

Asymp. Sig. (2-sided)

0.431
0.424
0.935

H2d: There is significant relationship between gender and self-development.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases
172

Value

14.449
17.017
7.855
109

a

df

5
5
1

Asymp. Sig. (2-sided)

0.013
0.004
0.005
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H2e: There is significant relationship between gender and job satisfaction.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

22.916
23.529
0.003
109

a

df

5
5
1

Asymp. Sig. (2-sided)

0.000
0.000
0.956

Hypothesis 3: There is significant relationship between education and work value.
H3a: There is significant relationship between education and making contributions.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

22.210
28.353
0.003
109

a

df

12
12
1

Asymp. Sig. (2-sided)

0.035
0.005
0.955

H3b: There is significant relationship between education and interpersonal harmony.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

43.716
48.931
3.711
109

a

df

12
12
1

Asymp. Sig. (2-sided)

0.000
0.000
0.054

H3c: There is significant relationship between education and work–life balance.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

26.877
26.974
0.499
109

a

df

12
12
1

Asymp. Sig. (2-sided)

0.008
0.008
0.480

H3d: There is significant relationship between education and self-development.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

41.799
42.611
0.442
109

a

df

15
15
1

Asymp. Sig. (2-sided)

0.000
0.000
0.506

H3e: There is significant relationship between education and job satisfaction.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

2010

Value

63.080a
46.613
0.162
109

df

15
15
1

Asymp. Sig. (2-sided)

0.000
0.000
0.687
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Hypothesis 4: There is significant relationship between position and work value.
H4a: There is significant relationship between position and making contributions.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

32.433a
37.433
1.050
109

df

8
8
1

Asymp. Sig. (2-sided)

0.000
0.000
0.305

H4b: There is significant relationship between position and interpersonal harmony.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

11.110
15.868
0.374
109

a

df

8
8
1

Asymp. Sig. (2-sided)

0.196
0.044
0.541

H4c: There is significant relationship between position and work–life balance.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

11.411
14.160
0.968
109

a

df

8
8
1

Asymp. Sig. (2-sided)

0.179
0.078
0.325

H4d: There is significant relationship between position and self-development.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

18.968
21.152
2.864
109

a

df

10
10
1

Asymp. Sig. (2-sided)

0.041
0.020
0.091

H4e: There is significant relationship between position and job satisfaction.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

37.571
45.236
0.334
109

a

df

10
10
1

Asymp. Sig. (2-sided)

0.000
0.000
0.000

Hypothesis 5: There is significant relationship between working experience and work value.
H5a: There is significant relationship between working experience and making contributions.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

174

Value

34.863
36.695
1.537
109

a

df

16
16
1

Asymp. Sig. (2-sided)

0.004
0.002
0.215
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H5b: There is significant relationship between working experience and interpersonal harmony.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

37.745
43.129
0.576
109

a

df

16
16
1

Asymp. Sig. (2-sided)

0.002
0.000
0.448

H5c: There is significant relationship between working experience and work–life balance.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

20.263
24.461
0.777
109

a

df

16
16
1

Asymp. Sig. (2-sided)

0.209
0.080
0.378

H5d: There is significant relationship between working experience and self-development.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

43.472a
52.174
0.126
109

df

20
20
1

Asymp. Sig. (2-sided)

0.002
0.000
0.723

H5e: There is significant relationship between working experience and job satisfaction.
Pearson Chi-Square
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases

Value

49.781a
52.025
0.341
109

Discussion and Conclusion
Despite our initial perception in this research,
we found that age has a significant relationship
with only two dimensions of work value, out of
the five available dimensions, and these two dimensions are work-life balance and job satisfaction. The age factor has the least effect on work
value in our study. Therefore, managers can pay
more attention to the other more important factors
and decisions based on age differences are less important compared to the others.
Findings of the paper also showed that there
is significant relationship between gender and
four dimensions of work value including making
contributions, interpersonal harmony, self development and job satisfaction. As a result, we identify that gender is one of the three most important
factors in our study. Position, on the other hand,
by having a significant relationship with 3 dimen2010

df

20
20
1

Asymp. Sig. (2-sided)

0.000
0.000
0.559

sions of work value (making contributions and self
development and job satisfaction), has a moderate
value in our study.
There was also a significant relationship between education and all the 5 dimensions of work
value. Therefore, education is the most important
factor in our study and managers should pay most
attention to this factor.
The work experience factor is one of 3 most
important factors on work value and it has a significant relationship with four dimensions of work
value (making contributions, interpersonal harmony, self development and job satisfaction).
Managerial decisions in organizations can lead
to higher level of work value among employees,
if managers and decision makers know the most
influencing factors in this regard. The findings of
this research showed that in our Iranian case, the
most important factors influencing work value
were education, work experience and gender. The
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findings of this research can be of help to managers and policy makers within the organization to
consider these influencing factors and enable them
to manage their organization more efficiently. In
the lack of any significant similar research in the
Iranian context, this research can help fill the gap
and expand the body of literature.
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Quantum Computers And
Hybrid Solutions
Enes Sukic,
University of Novi Pazar, Serbia

Abstract
Conventional silicon transistor technologies
have their fundamental limitations that will lead
to their near end in the future. Therefore, many research teams have been conducting research for
years and proposing new qualitatively concepts
and technologies which would replace information processing and the way today’s integrated circuits function.
Key words: Silicon transistors, Microprocessors, Quantum computers, Qbits, Nano technologies
Introduction
An extremely rapid development of integrated
circuits based on silicon caused a revolution of
computer technologies and made possible an immense progress in history of civilization. Silicon
microprocessors are becoming faster and more
powerful thanks to the constant increase in the
number of components of integrated circuits, and
new models of various computer equipment which
appear at such speed that even the best informed
experts have problems keeping the pace. The famous Moore law, named after Gordon Moore, argues about the pace of this development and says
that the number of electronic components on the
microprocessor doubles every 18 months.
However, the fantastic progress that a silicon
chip has gone through, enabled by the Moore law,
has its limit and therefore, it won’t be physically
possible to fit more electronic components on a
single silicon plate. Limit is subject to the reduction of the smallest component of integrated circuit to the size of an atom, which will cause the
further development of the microprocessors to
178

end. Semiconductor technology has been living
up to the Moore law for almost 40 years and according to many experts it would take until 2020
for the microprocessors to reach their atomic limit.
Nevertheless, the last discoveries and research,
as well as specific laboratory implementations,
announce the much shorter lifetime of silicon
electronics - thermal noise, which increases each
time a component of an integrated circuit becomes
smaller, could lead to an earlier end of the time in
which the Moore law is being applied. This will
mean the end of the era of silicon.
Quantum Computers
Quantum computers are conceptually different
from all the others. Instead of bits, the basic unit of
information, they use the so-called qbits. Qbits are
based on the properties of quantum mechanical
objects whose state can not be explicitly defined.
Quantum mechanics does not argue about the exact position and state of particles as it is customary in classical physics, but may consider only the
probability of a particle to be in a particular state
or position [1].
The idea of quantum computers firstly appeared
in the seventies of the last century in works of
physicists Richard Feynman and David Deutsch,
while the first major breakthrough in this area was
made by Peter Shore who found out a method by
which the quantum computers would solve an important task from the mathematical theory of numbers. The first real quantum computer was made
by IBM researchers, using nuclear magnetic resonance imaging to measure and manipulate a single
spin of the atom. Spin, one of the characteristics
of quantum mechanical particles, provided the
physical realization of qbits, however, the inher2010
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ent instability of a few atoms made this computer
“hardware” exist for a few nanoseconds [2]. Recently, the team of Canadian company
D-Wave has made a special contribution to the
quantum technology research and development.
Quantum computers will find their most application in the processing of complex tasks, such as
cryptography and modeling of large databases. As
the Internet and other forms of electronic communication have become dominant in everyday life,
electronic security is becoming increasingly common issue, and cryptography is used to protect
e-mail messages, credit card information or business information. Besides cryptography, a useful
application of quantum computers would be in
fast reading of data bases relying on the possibility that each of these bases could be introduced in
a corresponding quantum state of particles in the
quantum computer. All particles perform searching through databases simultaneously, thus greatly
accelerating the search.
Qbits
Qbits have a specific ability to contain exponentially greater amount of information so that
they can perform dramatically faster operation
than traditional bits.
Another of their specificity lies in that they do
not rely on the classical binary nature of calculations. While traditional computers translate the
information into bits using binary digits - 0 and 1
- quantum computers would translate the information as a series of quantum mechanical states [1],
(e.g. electron spin, or orientation of light particles
- photons). The advantage of quantum mechanics,
in general, is that it supports the existence of several states at once. The state can be 0, 1, or both at
the same time (superposition).
The Concept Of Hybrid Technology
Silicon is still the basis of all processors, and
therefore, Canadian scientists have decided to
merge quantum theory with the practice of silicon
computer chips. After years of research led by the
development team of D-wave company, Orion [3]
2010

quantum computer was introduced, based on a
single silicon chip with 16 qbits. Qbit is a quantum
bit, which besides 0 and 1 can have a superposition state of 0 and 1. In the silicon chip, every qbit
consists of “points” made of niobium, which are
surrounded by wire coils. When electricity comes
to the coil, it generates a magnetic field that sets
and changes the state of “points”. Since niobium
is an element that reacts to the magnetic field in a
way very similar to laws prescribed by quantum
mechanics, it was easy to physically define three
states in which qbits can be found. In addition, the
chip had to have special protection from the noise
and other adverse environmental factors. Niobium
is a superconductor so that it emits very little heat,
and therefore the entire chip had a consumption of
only a few nW. Thus, the silicon chip that behaves
according to the laws of quantum mechanics was
invented.
The scientists team of the National Institute for
Nanotechnology University of Alberta made an
enormous progress in the research of hybrid solutions. In their research, they went on a molecular
scale - and successfully came to the concept of
single-molecular transistors.
As a first step, a team of researchers had managed to overcome one almost insurmountable obstacle until now - to build a silicon crystal structure with the interconnection of one molecule and
to successfully demonstrate that it is possible to
electrify and diselectrify only one specific atom on
the surface of the silicon lattice, while leaving the
surrounding atoms electrically neutral. If the interconnection molecule of two silicon electrodes is
placed adjacent to one of such “controlled” atom,
the electric field of electrified atom causes a shift of
energy levels of molecules allowing or preventing
flow of current through the molecule. In this way
the conductance of the interconnection molecule
is fully controlled by charging one of the neighboring “controlled” atom which means that a basic
three-terminal (transistor) effect at the molecular
level is met. When this stage is achieved, only one
electron from a “control” atom is sufficient to convert the molecule between two electrodes to a state
of “conductive” or “nonconductive”. For such an
“action”, changing the state in the case of transistors based on conventional technologies, requires
about one million electrons! Thus, the integrated
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circuits that would be built of transistors based on
the new concept would use far less power, generate far less heat and thus would be able to work
much faster [4].
This was the first successful demonstration of
new transistor concept to room temperature (all
previous molecular experiments of similar nature
had to be conducted at temperatures close to absolute zero in order to see any change) and the potential of discovery was indeed immense.
Although these results represent a key step toward molecular electronics, there is research yet to
come, which will remove the remaining obstacles
and enable new technology to be introduced into
use.
Conclusion
There are several candidates who could work
at the level of nanometers in size and replace silicon-based microprocessors. Scientific discoveries
open up a wide range of possibilities for the future development of computers. The main question by which the nano-technologies are different
is related to the problem of realization of the bits’
information. Nano-computers that try to replace
silicon-based ones had firstly to find a way for a
sufficient implementation of individual bits. The
latest breakthroughs in areas such as laser cooling, logic gates, superconductivity and optoelectronics allowed us in recent years to overcome this
problem. If we add the results achieved with other
computers that came after those silicon-based, one
could say that the time of many advanced technologies will inherit our silicon age and that the
future slowly begins.
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Motivation of users - how
important and what is its
impact on distance learning
Motivisanost korisnika - koliko je važna i
kakav je njen uticaj u učenju na daljinu
Marjana Pardanjac, Dragica Radosav, Snezana Jokic
University of Novi Sad, Technical faculty “Mihajlo Pupin” Zrenjanin, Serbia

Abstract
Curiosity and overcoming challenges represent one of the strongest motivation forces. Curiosity can be used in distance learning in order
to “plant” questions, which can be best answered
during course attendance, in users` minds. Similarly, overcoming challenges is a reason why people spend time solving puzzles, playing games or
discovering interesting places.
The phenomenon of motivation is of great importance for the developments and outcomes of
teaching and can affect the action of other factors
that are essential in the teaching process. Some of
the specific abilities of the individual may be at
a high level of development, but if he is not motivated enough, then these skills are brought into
question or are minimized. Also, the level of development of some abilities can be obtained at a
higher level if there is a good motivation. This applies to other important components of personality-interests, level of aspiration, knowledge of the
area, which can trigger the activity.
The research in this project includes has empirical and theoretic character. It should offer the
answers about the influence and significance of
users` motivation during distance learning of a
program language PASCAL.
Based on the collected research results it will
be possible to see how users` motivation influences their success in distance learning of a program
2010

language PASCAL in comparison to those who
learn the same subject matter in traditional way –
in classrooms.
Key words – distance learning, user’s motivation, high school, education
Sažetak
Radoznalost i savlađivanje izazova je jedno od
najsnažnijih pokretača motivacije. Radoznalost
se može koristiti u učenju na daljinu da bi se
“posadila” pitanja u umove korisnika na koja se
najbolje može odgovoriti pohađanjem kursa. Isto
tako savlađivanje izazova je razlog zbog kojeg
ljudi provode vreme u slaganju puzle, igraju igre i
istražuju interesantna mesta.
Fenomen motivacije od izuzetne je važnosti
za tokove i ishode nastave i može uticati na delovanje drugih faktora koji su u nastavnom procesu
neizostavni. Neke specifične sposobnosti pojedinca
mogu biti na visokom nivou razvijenosti, ali ako on
nije dovoljno motivisan, onda su i te sposobnosti
dovedene u pitanje ili su minimizirane. Isto tako
određeni nivo razvijenosti nekih sposobnosti može
se podići na još viši stepen ukoliko postoji dobra
motivisanost. To se odnosi i na druge važne komponente ličnosti –interese, nivo aspiracija, znanje iz
neke oblasti, koje mogu da pokrenu na aktivnost.
Istraživanje koje obuhvata ovaj projekat ima empirijsko – teorijski karakter. Ono treba da pruži od181
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govore o uticaju i značaju motivisanosti korisnika
u učenju programskog jezika PASCAL na daljinu.
Na osnovu dobijenih rezultata istraživanja videće
se da li i na koji način utiče motivisanost korisnika
na njihov uspeh u učenje programskog jezika PASCAL na daljinu u odnosu na korisnike kojima je
gradivo prezentovano u tradicionalnoj nastavi.
Ključne reči: učenje na daljinu, motivacija
učenika, srednja škola, obrazovanje
1. Introduction
A user must have strong motivation in order to
achieve the best results in learning. Learning represents an answer to internal and external motivation. According to psychologists, motivation is
an essential factor of learning, although psychologists differ in evaluating the role of motivation and
the extent of its importance.
The High school Curriculum is designed to enable the students to learn the application of techniques for solving particular problems (bloc of diagrams), elementary commands of programming
language PASCAL, as well as writing of simple
programs. Students who enroll in a major of Professor of Informatics and Graduate Engineer of
Informatics at the Technical College “Mihajlo
Pupin”, show very weak knowledge in regards to
solving problems, breaking down the problems
into sub-problems, and the recognition of commands of the programming language PASCAL.
Thereupon such result, a question presents itself, what is the cause of that and how such issues
can be avoided or reduced? Which methods and
instruments can be used to influence and stimulate
the changes of these conditions? Do the instructors have the required knowledge of informatics?
Are they trained and qualified enough for the application of the information technology? Are the
schools equipped with the adequate number of
computers? Do the students have the optimal conditions for the study and practice? How the given
requirements can be optimized? Can the motivation of the instructors and students be influenced
upon and how?
Quality and the level of knowledge depend
mostly on the ability and qualification of teachers
to transfer knowledge, motivate their students to
182

work and explain the subject matter they teach.
One of the possible solutions is to present the
courses through the distance learning (in further
text DL). Consequently, universities started to offer more flexible courses, including technologybased distance education the use of which has
grown steadily over the past decade, becoming
widely used by universities around the world (Jara
& Mellar, 2007). For that to be possible it is necessary for the instructors to be trained on how to
present the study material in a different manner as
well as to make the appropriate adjustments toward the change of the roll of the instructor in the
educational/teaching process.
Research indicates that the instructional format
itself has little effect on student achievement as
long as the delivery technology is appropriate to
the content being offered and all participants have
access to the same technology. Other conclusions
drawn from this line of research suggest:
–– Individual needs of every distant students are
satisfy like predisposition, motivation, skill,
interests, rapidity, previously knowledge
and experience, as another individual
characteristics;
–– The approach toward the material presented
through the distance learning is more
positive in comparison to the material
presented in the traditional setting.
–– The upgrade and the arrangement/distribution
of the study material are very simple.
–– The students involved in the distance
learning show much greater of a success
versus the students in the traditional setting.
–– The users bring their own experiences
in learning which thereby influence their
success in distance learning.
–– Are voluntarily seeking further education;
–– Have post-secondary education goals with
expectations for higher grades;
–– Are highly motivated and self-disciplined.
–– The materials to be presented require
the instructors to prepare for the overall
planning, organization, and evaluation of
the lectures and study materials.
–– Teachers must be properly trained both in
the use of equipment and in those techniques
proven effective in the distance education
environment
2010
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Here, this method of study is still somewhat
undeveloped due to a number of reasons:
–– Until recent the obtainment of the information
technology and the accompanied equipment
was unattainable for the individual, as well
as for schools.
–– In most schools, the hardware is outdated
and unable to support the new applications.
The instructors have very little time to experiment with the new computer technologies and to
share their experiences with other instructors.
–– The investment in training of instructors
is significantly lower in comparison to the
investment in hardware and software.
–– Today, the training of instructors in the use
and application of information/computer
technologies is primarily focused on the
mechanical use of the equipment, without
the integration of such technologies in the
curriculum or the selection of the proper
software
On the grounds of this, the problem of the research is to establish if distance learning model of
program language PASCAL has statistically important influence on enhancing users’ motivation and
the quality of teaching process. In the same time, it
should be shown if this model contributes to:
–– shortening time for learning;
–– improving educational effects of the
teaching process;
–– enabling a wide span of individual
characteristics and working time of
students.
Internet, no doubt, enables diverse methods of
communication, searching and transfer of information to education. Web – sites are normally created every day and students use them as consisting parts of their educational process. They are adjusted to specific users’ needs, to those who would
rather choose the place and time of their education
than spend from 1-5 years sitting in classrooms,
fifty minutes twice a week, 30 weeks in a year [2].
Without exception, the operation of distance
learning program begins with careful planning,
focusing and understanding of course requests
and users’ needs. An appropriate technology can
2010

be chosen only if these elements are detailed and
comprehensive. Students need instructions and
support before and during their studies. This is especially true in a digital era in which students have
to be computer literate and able to use different
media in order to study successfully [3].
Examines factors that motivate community
college and virtual high school students to choose
online or traditional course formats. Findings indicate that, for students who chose distance learning, control over pace and timing of learning was
more important; for students who chose face-toface courses, interaction with instructor and students was paramount [4].
2. Hypotheses of the research
The following main hypothesis has been made
in this research:
1. H0 - Learning PASCAL programming
language based on the model of distance
learning increases students’ motivation in
the teaching process.
2. Two sub-hypotheses have been made as
well, from which the answers for the main
hypothesis has been derived and made
complete:
3. H1 - Learning PASCAL programming
language based on the model of distance
learning time is more economical (reduces
the time needed for learning) from classical
traditional teaching
4. H2 - Learning PASCAL programming language based on the model of distance learning
allows the individualization of learning
3. The research
The researches, which this paper included,
have empirical and theoretical character. It should
offer the answers about quality and possibilities
of teaching model implementation concerning
the distance learning of program language Pascal. Research was conducted in two high schools,
Gymnasia - High School for General Education
& Science, and the Construction/Engineering and
Electro technical school “Nikola Tesla”, both lo183
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cated in Zrenjanin, as well as at the Technical College “Mihajlo Pupin” also located in the town of
Zrenjanin.

–– Total number of answers
–– Average mark of points
–– Motivation mark in the initial questionnaire
of the control group

4. Results of initial measuring of users’
motifs to achieve knowledge
We have already said that the objectives of
learning can be achieved only if users are motivated to work. In order to measure users’ motifs we
used the questionnaire which is the standard measuring instrument for estimation of achievement
motifs at Department for Psychology, Faculty of
Philosophy, Novi Sad.
There are no correct and incorrect answers in
this questionnaire, but the users have opportunity
to circle one of the numbers which expresses their
opinion. The numbers have the following meaning:
–– Not agree at all - 1,
–– Mostly disagree - 2,
–– Not sure - 3,
–– Mostly agree - 4,
–– Completely agree - 5.
Statistic histogram of students’ descriptive answers in the control group (Figure 1.) in initial test
of achievement motifs, according to :
–– Not agree at all,
–– Mostly disagree,
–– Not sure,
–– Mostly agree
–– Completely agree

Figure 1. Statistic histogram of students’ descriptive answers in the control group in initial test of
achievement motifs

Figure 2. Statistic histogram of students’ descriptive answers in the control group in initial test of
achievement motifs
Statistic histogram of students’ descriptive answers in the experimental group (Figure 3.) in initial test of achievement motifs, according to previous answers:

Figure 3. Statistic histogram of students’ descriptive answers in the experimental group in initial
test of achievement motifs
Statistic histogram of students’ descriptive
answers in the experimental group (Figure 4.) in
initial test of achievement motifs, according to parameters:
–– Total number of answers
–– Average mark of points
–– Motivation mark in the initial questionnaire
of the control group

Statistic histogram of students’ descriptive answers in the control group (Figure 2.) in initial test
of achievement motifs, according to parameters:
184
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Figure 4. Statistic histogram of students’ descriptive answers in the experimental group in initial
test of achievement motifs
5. Survey results after research and
final measuring of motifs for distance
learning
After the experimental group had finished the
work in the system of distance learning program
language PASCAL, they were given a questionnaire for measuring their motifs for distance learning, as well as their attitudes and opinions about
distance learning.
In response to the first question “Would you
like to use some form of system of distance learning (DL)?” the following results were obtained
(Table 1.):
Table 1. Results of the answer to the question
“Would you like to use some form of system of
distance learning?”
Answers

Yes

No

I do not know

High school

67,31%

9,62%

23,08%

University

78,43%

11,76%

9,80%

Altogether

72,82%

10,68%

16,50%

In response to question, in which form and in
which way should the distance learning be applied

(Table 2), following answers were obtained: students in high schools felt that the distance learning should be used as an addition to the traditional
classes (57,69%), while the students at the college
were for the DL being used by itself (68,63%). The
percent of the users (high school and college students) that consider that the distance learning should
not be used is small: 14,56% overall, or 19.23% of
the high school students surveyed and 9.80% of the
college students surveyed (Diagram 5).
Table 2. Results of the answers to the question
“In which form and in which way should the distance learning be applied?”
Answers

DL by itself Addition Don’t need it

High school

23,08%

57,69%

19,23%

University

68,63%

21,57%

9,80%

Altogether

45,63%

39,81%

14,56%

Figure 5. Results of the answers to the question
“In which form and in which way should the distance learning be applied?”
Reasons for which the participants would like
to use the DL were nearly the same, looking at the
students surveyed as a whole (Table 3). 15.53% of
the users think that in such way they would have the
access to the quality information, 26.21% listed the
reason of easier and faster learning as a reason that

Table 3. Results to the question “Why you would like to use the DL?”
Answers

Saving of time
and space

Quality source of
information

Easier and faster
studying

Studying without having
to be physically present

High school

36,54%

11,54%

26,92%

25,00%

University

39,22%

19,61%

25,49%

15,69%

Altogether

37,86%

15,53%

26,21%

20,39%

2010

185

technics technologies education management

they would use DL, and 20,39% listed the reason
of the convenience of not having to be physically
present for the lectures. The highest number of the
participants – 37,86% - thinks that in such a way
they are saving time needed for studying.
Comparing the participants that are from high
schools and the participants that are from the college, it can be noted that savings of time and space
and the easier and faster process of learning, are
nearly equally given as the answer, but that the
more important difference is presented in the answers in regards to the quality of the information
and studying without having to be physically present. Participants that are from high schools give
more importance studying without having to be
physically present, while students give more importance to the quality information, which would
be/is accessible to them through the DL system of
study (Figure 6).
After the experiment was completed, the users
changed their mind in regards to distance learning and to the question if they think that the distance learning system is better than the traditional
system of teaching/learning: the whole 71,84% of
the users think that it is better, while 16,50% still
give the advance to the traditional classes. 11,65%
of the users was still undecided in regards to the
distance learning system, but they were also undecided in regards to the traditional system of learning (Table 4.).

Figure 6. Results of the answers to the question
“Why would you like to use UND system”
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Figure 7. Results of the answers to the question
“Does the distance learning system is better than
the traditional system of teaching?”
Table 4. Results to the question “Does the distance
learning can improve the results of the learning?”
Answers

Yes,
Yes,
completely partly

No

I don’t
know

High school

55,77%

23,08% 15,38% 5,77%

University

62,75%

23,53% 9,80%

Altogether

59,22%

23,30% 12,62% 4,85%

3,92%

Distance learning can totally improve the results of the learning for 59.22% of users, and
partly for 23.30% of the users. 12.62% of the users think the DL cannot positively influence the
results of the learning, while 4,85% was not sure
about the positive effects of the use of the DL system (Table 4.)
In response to question in which way DL improves the results of learning (Table 5.), the participants were given the option to circle multiple
answers, which they found to be of the greater
importance. The highest number of participants
gave great advantage to the distance learning for
the reasons that learning in this way is more interesting (77,67%), then because it allows the work
according to their own passed (67.96% of users),
then in the second place by the percentile was the
possibility of obtainment of more information
(51,46%). 48,54% of users thinks that by the DL –
they only get the needed information.
It is interesting that a relatively small number of
users, listed as a reason the time invested toward
the attending the lectures (26,21%), from which
it can be concluded that the students feel, that the
time spent attending the lectures is well invested.
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Table 5. Results of the answers to the question “In which way DL improves the results of learning”
Answers

Provides
The time spend attending
Learning
Provides more
Work according
only needed lectures is well invested/not
is more
information
to one’s own
information
a loss of time
interesting
(A)
passed (D)
(B)
(C)
(E)

High sch.

57,69%

42,31%

23,08%

57,69%

73,08%

Univers.

45,10%

54,90%

29,41%

78,43%

82,35%

Altoget.

51,46%

48,54%

26,21%

67,96%

77,67%

The possibility of working on their own and
working by their own passed, is probably the reason that the entire 71,84% of users thinks that the
presented material is learned in a shorter period of
time in comparison to the traditional system (Table 6.). Contrary to them 8,74% of the users did
not share such opinion and they were more supportive of the traditional lectures/classes, while
19,42%fof the users thinks that the same amount
of time is need regardless of type of studying system, and they did not give more importance and
appreciation to either of the systems of study.
Table 6. Results of the answers to the question
“Do you think that the presented material is
learned in a shorter period of time in comparison
to the traditional system?”
Answers

Yes

No

Same time

High school

69,23%

9,62%

21,15%

University

74,51%

7,84%

17,65%

Altogether

71,84%

8,74%

19,42%

6. Conclusions of the research

tivation because the users can set realistic objectives which, on the other hand, also motivate them
to work better.
Users’ motivation to work by UND influenced
the shortening of time necessary for learning. By
setting realistic objectives users can spend their
time efficiently and successfully.
Students’ motivation is also influenced by time
which is necessary for mastering subject matter.
The users, after the experiment, thought that UND
influenced the shortening of time necessary for
learning (71, 84%) confirming the sub-hypothesis
H1. The majority of the users were motivated to
use this type of learning
Individualization which is enabled by UND
and the results, obtained on the grounds of the
survey after the performed experiment, show that
users give advantage to distance learning, because
they can learn at their own speed (67,96%), they
can set realistic objectives, according to their requirements, time, interests, abilities and skills
- confirming the sub-hypothesis H2. In this way,
the users become more motivated to work by the
system UND.

The results of this research have only confirmed
the fact that today’s educational process cannot be
imagined without the use of computers.
On the grounds of the obtained and presented
results the following can be established: learning
of program language PASCAL, based on distance
learning model, enhances motivation of students
in the teaching process – main hypothesis was
confirmed on the grounds of the survey carried
out after the performed experiment in which the
obtained results showed that the users gave advantage to distance learning because: more interesting
way of teaching (77, 67%) and work at students’
own speed (67, 96%). These reasons enhance mo2010
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quality management
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Serbian economy
Koristi od uvedenog sistema menadžmenta
kvalitetom – istraživanje u srpskoj privredi
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Abstract
Purpose – A part of bigger research is presented in this paper [14]; one of the secondary objectives was to examine the reasons for certification
QMS, difficulties and effects in its application, as
well as (though a great response of companies and
experts wasn't expected) the reasons against certification according to ISO 9000.
Methodology – Surveying available companies and experts was carried out by e-mail interview. For the sake of the survey it was created a
methodologically adjusted questionnary which,
among other things, included the questions related
to the reasons for certification QMS, difficulties
and effects in its application. The communicative
principle was: one qustionnary – one company/
expert.About 600 organizations (micro, small,
medium size and big companies) and about 100
experts were included in the survey.
Results – The obtained results point at the significance of internally motivated organization for
improving business processes. In such cases, certification results in improving performances and
market position of a company.
Limits in the research – The call for participation in the survey accepted 84 companies (which
was, at that time, between 4,5 and 5,5% of all cer2010

tified companies in the Republic of Serbia) and
37 experts from the field of interest. The response
was modest – only 14% of companies and 37% of
experts accepted the call.
Originality and value – This study is only one
of the studies in this sphere. Its originality and value lie in its key results expressed in the opinions of
companies and experts, which presented a realistic
state in Serbian economy at that time.
Key words: ISO 9000, benefits, certification,
QMS.
Sažetak
Svrha – U radu je prezentovan deo većeg
istraživanja [14], u kome je jedan od sekundarnih
ciljeva bio je da se istraže razlozi za sertifikaciju
QMS, poteškoće i efekte u njegovoj primeni, kao i
(mada se nije očekivao preveliki odziv preduzeća
i eksperata) razlozi protiv sertifikacije prema ISO
9000.
Metodologija – Ispitivanje dostupnih
preduzeća i eksperata je izvršeno putem e-mail ankete. Za svrhu ispitivanja kreiran je metodološki
prilagođen upitnik, koji je, između ostalog,
sadržao pitanja koja su se odnosila na razloge za
sertifikaciju QMS, poteškoće i efekte u njegovoj
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primeni. Princip komunikacije bio je: jedan upitnik – jedno preduzeće/ekspert. Ukupno je ispitivanjem obuhvaćeno oko 600 privrednih subjekata
(mikro, malih, srednjih i velikih preduzeća) i oko
100 eksperata.
Rezultati – Dobijeni rezultati ukazuju na
značaj interne motivnisanosti organizacije za
poboljšanje organizacionih provesa. Tada sertifikacija rezultira u poboljšanju performansi i tržišne
pozicije preduzeća.
Ograničenja u istraživanju – Na poziv da
učestvuju u istraživanju odazvala su se ukupno 84
preduzeća (što je tada bilo između 4,5 i 5,5% ukupno sertifikovanih preduzeća u Republici Srbiji),
odnosno 37 eksperata iz predmetne oblasti. Znači,
odziv je skroman i iznosi 14% za preduzeća i 37%
za eksperte.
Originalnist i vrednost – Ova studija jedna je
od studija u ovoj oblasti. Ono što joj daje originalnost i vrednost su njeni ključni rezultati, koji
suprotstavljaju mišljenja preduzeća i eksperata, a
koji su presek stanja u Srpskoj privredi u datom
trenutku.
Ključne reči: ISO 9000, koristi, sertifikacija,
QMS.
1. Introduction
The quality of business implies a management
approach, which means quality management of
a company’s business identified through respecting international quality standards. The quality of
products and services represents a starting point
in applying this concept but it also represents the
result of improving business quality.
A series of international standards is, first of all,
oriented towards satisfying customers’ requirements whose objective is improving competitive
advantage as one of the basic pre-conditions of
permanent improving in business quality. The
best proof for successful application of ISO 9000
standard is the growing number of the world’s
companies that implemented this concept. By the
end of 2007 there were 951486 companies in 175
countries with certificated quality management
system according to the requirements of the series
of international standards ISO 9000. Only during
2007 there were 54557 companies (+ 6 % in com190

parison to 2006) that implemented quality management system. Europe with its 431479 companies represents the region which has the greatest
number of companies with the implemented quality management system according to the series of
standards ISO 9000. China leads in the number of
newly certificated companies (210773) followed
by Italy (115359) and Japan (73176). According
to the total number of certificated companies in
the region, Serbia takes the fifth position (1987)
after Hungary (based on insufficient data 10473),
Romania (9633), Bulgaria (4663) and Croatia
(2073). According to the increase of certificates in
comparison to 2006, Serbia takes the second place
(+436) after Bulgaria (+1566) and before Bosnia
and Herzegovina (+410).1
The advantages of implemented quality management concept can be internal and external. The
following advantages are internal: improvement
of documents, consumers’ expectations and the
process, development of products’ quality, reduce
of reject, increase of efficiency, improvement of
business and the motivation of employees. The
external advantages are: improvement of products, development of marketing image, sale rise,
satisfaction of consumers’ requirements, development in relationship with suppliers, increase of
competitiveness and sale at international markets,
profit rise and reduce of consumers’ complaints.
[2, pp. 23]
2. Review of the relevant research in the
world
The number of advantages is significant for the
organization which implements the quality management system. Generally, the researches show
that such organizations have better management
and productivity as well as the reduction of reject.
The experiences of foreign companies which implemented the quality system point at the following advantages:
a. business costs are reduced up to 50%,
b. productivity is increased, as a rule, up to
50%,
c. profit is increased from 30-50%. [2, pp. 23]
1

According to [1]
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The Swedish study 2 on expectations and actual
(realized) condition in the field of certification according to ISO 9000 was published in 1993 and
it examined data collected from 23 multinational
companies working in Sweden. Two factors are
emphasized: improvement of market position and
motivation of employees. The data tell us that the
most expected results are those which are the least
actual – market share is expected in 17 companies but it is realized in only 9, which makes the
only disproportion. Concerning the factors such as
smaller quality costs and better organization effectiveness greater realized benefit than expected one
is noticed; concerning the factor “better relations
with customers” the benefit is equal (11:11). Concerning the factor “improved motivation of employees” the actual benefit is doubled in comparison to the expected (20:10). Similarly, concerning
the improvment realized through certification, the
relations among the ranks “exeptional improvement”, “some improvements” and “without improvements” is at market position – 3:6:14 and
at motivation of employees – 11:9:3. The factor
“relations with customers” is equally badly presented, as well as “market position” – 3:8:12.
During the year 1995 Manchester Business
School carried out the research3 by using the advantages of SGS Yarsley in order to find out the reasons for acquiring ISO 9000 certificate, the influence (of benefits) on business, as well as the common problems with certification. It was completed
1190 questionnaries from the companies certified
according to ISO 9000 (any model from the series from 1994) dealing with production, building
and services. Market and marketing reasons were
dominant among all the reasons. The interviewed
most frequently identified “the requirements of the
future consumers for ISO 9000” – 78%; between
60-70% were the reasons: maintaining/improving
market position and improving quality of services;
between 50-60% were the reasons: pressure from
consumers, ISO 9000 is a “good tool for promotion”, increasing the efficiency of operations and
improving products quality. The least important
reason was “reduction of costs” – 22%.

2
3

Data from the study [3]
Data from the study [3]

2010

Concerning the benefits from certification according to ISO 9000 a dominant position took
the management – more efficient management
(78%) and improving consciousness about procedure problems (77%) – these were the most frequently identified factors of benefits. The factor
“improved market position” was the least identified one as a real benefit from certification (at
47% interviewed) which linked this study with the
previously mentioned one. Concerning the most
common problems with certification it should be
noticed that there was relatively small percentage
of the companies which noticed those problems at
all - maximum 31%. Speaking about the time necessary for writing the procedure the interviewed
emphasized: a great quantity of paper (27%), high
price of implementation (25%) and the time necessary for implemetation (24%).
In the second study carried out in 1995 by Manchester Business School 140 companies of different sizes participated in identification of the reasons against certification according to ISO 9000.
The results emphasized the following reasons:
the volume of documentation (“paper”) – 82%,
the implementation costs – 77%, the time spent
on implementation – 75%, or making documentation – 71%, as well as the costs for system maintenance – 68%. The researchers reported that many
organizations from the sphere of services thought
that ISO 9000 wasn’t relevant for them and the
companies with fewer that 25 employees were especially worried about implementation costs.4
In 1998 the researchers from Slovenia collected
the answers from 117 out of 355 Slovenian organizations certificated according to ISO 9001 or ISO
9002.5 The objective of the study was to determine
parameters for improvements that could be attributed to ISO 9000. Likert-like scale, consisted of
seven points for evaluation of the situation,6 was
used in the study. The results followed paralelly
the relation of the aproximate mark of the companies which didn’t follow the parametres in %.
4
5
6

Data from the study [3]
Data from the study [3]
1. the situation goes wrong significantly, 2. the situation
goes wrong, 3. there is minimum decline, 4. the situation
is unchanged, 5. there are minimum improvements, 6.
the situation is improved, 7. the situation is exceptionally
improved.
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The best marks were given to: process efficiency
(5,82 – 6%), quality of products and services (5,65
– 3%), productivity (5,60 – 24%), the results of business (5,58 – 32%), customers' satisfaction (5,49
– 11%), planning the business (5,48 – 10%), aftersale services (5,48 – 38%), managing the material
(5,43 – 32%), quality management (5,38 – 35%).
The worst marks were given to the following parametres: innovations of products and/or services
(4,92 – 23%), innovations in the business process
(4,89 – 27%) and satisfaction of employees (4,84 –
23%). These results could have been expected.
The performance of organizations and the relationship with certification on the ISO 9000 series
is a theme of the research which was realise by
Singels, RueÈl and van de Water (2001)[4] using
KKNN (the foundation of Quality Circles North
Netherland). About 950 mail questionnaires were
sent to organizations throughout the North of Holland: approximately 300 to organizations with
more than 50 employees and 650 to organizations
with less than 50 employees. A total of 192 organizations filled in the questionnaire (response rate
of 20%). It is often claimed that ISO certification
generates an improvement in the performance of
organizations. This research aims to find out if ISO
certification indeed results in better performance
outcomes for organizations. This is of importance,
for example, for those organizations that seek ISO
certification in order to improve their performances. To test the hypothesis, an instrument is developed to measure the performance. The performance of organizations is operationalized through
five performance indicators: production process,
company result, customer satisfaction, personnel
motivation, and investment on means. Besides
this main research interest the question is posed if
other factors can explain for the performance.
Chow-Chua, Goh and Boon Wan (2002.)[5]
examines the issue of ISO 9000 certification and
its perceived benefits for Singapore based companies. Using an empirical approach, the research
seeks to ascertain if certification has indeed improved the performance for listed (such firms are
listed on either the main board or the secondary
board of the Singapore Stock Exchange) and nonlisted companies.The results from a survey of 146
firms suggest that while certification leads to better overall financial performance, non-listed certi192

fied firms experience better documentation procedures, higher perceived quality of products or services, and more effective communication among
employees than listed certified firms. Some problems encountered in certification include the failures to establish adequate monitoring programs, to
follow set procedures and to carry out appropriate
management reviews of the new system as well as
unclear authorisation.
The purpose of the study by Lagrosen and Lagrosen (2003.)[6] has been to identify and describe
the differences between organisations of different
configurations (Mintzberg’s five different organisational configurations) to determine the way that
quality management is used and the effects that are
produced. The research population comprised the
members of the Swedish Association for Quality.
A questionnaire was mailed to 500 members. The
questions concerned the values, models and techniques of quality management as well as the outcomes and the difficulties in using these models
and techniques. The results show that the differences between the configurations are limited. Two
of the more important differences are that systematic quality management is less used in the adhocracy configuration and that the effect of increased
participation is more seldom seen in the professional bureaucracy configuration. Particualarly
interesting are: positive effects, negative effects
and difficulties u primeni QMS-a in organisations
of different configurations. The following key
positive effects are given: Improvements regarding the processes (46.8%), Increased participation
(12.8%), Improved climate, including increased
understanding for quality and a more holistic view
(12.5%) and Improvements regarding the customers such as customer satisfaction, market share,
etc. (12.1%). Even 57.4% companies stated that
they didn’t have negative effects and when they
had them the most frequently mentioned are: Increased bureaucracy (15.1%), Increased workload
(19.1%). Difficulties which are most frequently
mentioned are: Inadequate leadership (29.9%),
Lack of commitment amongst the employees
(28.6%), Lack of commitment amongst the employees (28.6%) and Lack of time (14.5%).
To analyze the changes in the perceived benefits
of ISO 9000 with the passage of time, is purpose
of the research by Casadesus and Karapetrovic
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(2005.)[7] conducted in 2002 in Catalonia (region
of Spain) on the sample of 399 companies. The
studuy indicates that ISO 9001: 2000 registered
organizations report benefits to a lesser extent than
their ISO 9001/2/3: 1994 registered counterparts
across all studied benefit categories. Considering
that the new standard is supposed to be a much
improved version of the old one, these findings
are then contrasted with the results of an almost
identical survey performed in 1998. The discussion demonstrates that the perceived benefits of
the ISO 9001/2/3: 1994 implementation have also
decreased over time.
To assess the relative value of the 2000 version
of the ISO 9000 series of quality management
system standards in comparison with the 1994
version, je purpose istraživanja van der Wiele,
van Iwaarden and Williams (2005.)[8]. A total
of 773 organisations in The Netherlands which
have all been certified to the ISO 9000 standard
were surveyed (a response rate of 21.4%). By
using five-point scale (from 1 = major negative
effect to 5 = major positive effect) negative and
positive effects of the ISO 9000 quality system
are comparatively presented (1994 version:2000
version:Delta). According to the results, the
best ranked are: Quality focus (3.35:3.82:0.47),
Brand/image (3.25:3.46:0.21), Quality of service
(3.23:3.68:0.45), Market share (3.20:3.35:0.14),
Efficiency of processes (3.19:3.78:0.58), Quality of products (3.19:3.46:0.27), Management
control (3.16:3.82:0.66), Customer loyalty/repeat
business (3.16:3.42:0.26), Customer satisfaction
(3.15:3.68:0.53) and Attraction of new customers
(3.15:3.33:0.17). Negativnim efektima “naginju”:
Employee absence (2.93:2.99:0.07), Employee
turnover (2.91:3.05:0.14) and Employee satisfaction (2.87:3.16:0.29).
The main goal of the research presented by
Ivanovic and Majstorovic (2006.)[9] is the investigation of quality management (QM) practices in
the West Balkan countries and their advancement
according to the models in developed countries.
They reviews a developed model for assessment
of QM maturity built on evolutionary development
of QM paradigm through inspection, QC, QA and
TQM. The identification of individual evolutionary phases through improvement paradigms such
as: SDCA – product, SDCA – manufacturing
2010

processes, SDCA – supporting processes, PDCA
– product and process thus creating precondition
for the assessment of effectiveness of applied
paradigm, as well as for diagnostics in cases of
non-effectiveness, i.e. failure in QM development.
The change of management paradigms is not evolutionary in character, but actually represents a
breakthrough approach. The investigation was
carried out on the sample of 59 certified organizations amounting to about 5% of the total number
of QMS certificates issued in Macedonia, Serbia
and Montenegro and Bosnia and Herzegovina.
3. Similar previous researches in Serbia
In the research 7 carried out at the Institute for
small and medium size companies in Belgrade
in March 2000, 143 companies out of 245 were
ready for cooperation. 81 companies were certified
according to ISO 9001 quality system and 62 according to the model ISO 9002 from the territory
of Serbia and Montenegro. According to the surveyed companies, the most important reasons for
implementation of the quality system were customers' satisfaction (25,8%) and higher level of quality
(25,8%). Less important reasons were: better competitiveness (17,87%), lower costs (13,65%) and
higher profit (9,68%). Higher level of quality was
the best ranked8 advantage from the implementation
of quality system. (34,53:9,49:10,29%). Documentation (15,11:18,25:19,12%) and working process
(10,07:24,09:16,91%) followed and the least important reasons were reduced costs (6,47:10,22:11,03%)
and image (9,35:10,95:7,35%).
Small and medium size companies and QMS
were the subject of the research »The Analyses of
atitudes and opinions of firms on implementation
of QMS in SME« [11] , carried out on the territories of Republic of Serbia, Republic of Montenegro and Republic of Srpska from 1st December
2005 to 25th March 2006. On the sample of 56
surveyed owners and leaders of SME, 95,92%
thought that the implementation of QMS in SME
was necessary and the most common reasons for
validity of this claim were: efficient management
7
8

Data from the project [10]
Ranks 1:2:3 in % - were given according to the declining
level of importance for the company
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of the organization (24,64%), improving quality
of the organization (22,46%) and better business
performance (15,22%). A greater number of the
surveyed experts, 78,72%, wasn’t satisfied by the
implementation of QMS in SME.
According to the research results [12] carried
out among certified organizations in Serbia, primarily focused on the general model of quality
management and its implementation, the main
effects of QMS stand out: improving relationship
with customers (44,2%), improving quality climate (22,4%), improving the process (19,1%) and
increasing participation of employees (12,5%).
The main negative effects are: increasing bureaucracy (26,7%) and prolonging working processes
(19,8%). Previously mentioned indicators clearly
speak on behalf of the necessity for implementation of the quality management concept according
to ISO 9000 series of standards in domestic companies, in order to improve competitive advantages of domestic companies on the international
market.
The research of corporative enterprise concept
and its implementation [13] was carried out from
May 2007 till October 2007 on the territory of
Republic of Serbia. The objective of this research
was to collect opinions of companies’ leaders,
among other issues, about the factors which improve business process. This research was based
on the analyses of company leaders’ attitudes and
the sample size was 50 units. By analysing the answers obtained in the survey (there were mainly
medium size and big companies) the researchers
came to the basic assumptions which creatively
influence the processes in modern economy and
management. The leaders emphasized the following main factors in improving the business process: improving the quality of business – 22,5%,
increasing productivity – 20,3%, enterprise behaviour – 16,54%, training of employees – 15%,
improving technological bases of the business
process – 8,27%, increasing knowledge productivity, 7,5%, development of integrated management systems – 7,5%, internationalization of Serbian companies – 2,34%.
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4. Background of the research
Primary objective of this research was to assert: the facts, attitudes and opinions in relation to
implementation and providing QMS in the economy and services; needs and specific demands of
Republic of Serbia economy concerning modeling
the process of measuring and monitoring customers' requirements, as well as the specific demands of experts in the sphere of quality concerning
the same issue. [14]
One of the secondary objectives was to research
the reasons for certification QMS, difficulties and
effects in its application, as well as (though great
response from companies and experts was not expected) the reasons against certification according
to ISO 9000.
The target groups of the research were:
–– companies (manifacturing and/or services)
which were, according to the primary
objective, certified according to the
standards of QMS (ISO 9000 series of
standards) and which perform business and
are located on the territory of Republic of
Serbia, in other words quality managers,
owners or employees in general who are
in charge for application of QMS (EMS,
OHSAS, HACCP etc.) in their companies,
as a primary group,
–– experts in the sphere of quality, as a control
group.
Surveying of the available companies and experts was carried out by e-mail (e-mail survey).
The reasons for this kind of survey were quick response and costs having in mind the main characteristics and difficulties. [15, pp. 57]
A methodologically adjusted questionnary was
created for the sake of the survey. Introductory
part of the qustionnary consisted of, apart general
information, the questions related to the reasons
for certification QMS and difficulties and effects present in its application. The communicative
principal was: one qustionnary – one company/
expert.
The survey included about 600 organizations
and about 100 experts. Totally 84 companies (between 4,5 and 5,5% from all certified companies
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in Republic of Serbia)9 and 37 experts from the
sphere of interst accepted the call for the survey.
That means that the response for the companies was about 14% and for the experts was about
37%. The structure of the surveyed companies
was: 35 (41,7%) from the territory of Vojvodina,
18 (21,4%) from the territory of the City of Belgrade and 31 (36,9%) companies from central Serbia; according to the size: micro 6 (7,2%), small 8
(9,5%), medium size 38 (45,2%), big 32 (38,1%).
The structure of the surveyed experts was: 13
(41,9%) over 50 years of age, 11 (35,5%) between
30 and 40 and 7 (22,6%) between 40 and 50 (average length of service is about 15 years); according
to the level of qualification: PhD (15 (40,6%)),
masters and university degree (10 (27%)) and 2
(5,4%) of the experts were with college diploma;
according to the occupation (answered 22 (59,5%)
of the interviewed): university professors/college
teachers (11), 5 experts employed as consultants, 2
expert assistants and 2 technologists, 1 top manager, 1 head engineer and 1 programmer.
5. Research results
Comparative review of the results is presented
in the following tables.[17] In the cases where all
the interviewed did not answer the question the
number and percentage of participation (relative
frequency) of the companies/experts who answered the questions are marked. This information is relevant for absolute and relative frequencies of the answers.
6. Comments on the research and
conclusions
As this research shows (the majority of the experts and the companies agreed), the most common reasons for receiving ISO 9001 certificate
are: maintaining/improving market position, improving quality of services/products, increasing
efficiency of operations, requirements of the future customers for ISO 9000.

9

These results correspond to the previous researches in the world and in Serbia and they confirm that domestic businessmen, in most cases,
knew what the application of ISO 9000 standard
should have brought to them. Certification itself
doesn't authomatically result in improving performances and better market position, as some previous expectations were and some researches rejected (ex. [4]) but it was considered as an appropriate “tool” in achieving this objective. This corresponds to the received answers about the benefits
from certification. The most frequently mentioned
benefits correspond to the reasons, and they are:
increasing customers' satisfaction, increasing efficiency, improving quality of products/services,
better position on the market and better control of
management. Here, again, a consensus of the experts and the interviewed from companies exists.
The most common problems at certification according to ISO 9001 and the reasons against certification according to ISO 9000 are not essential,
but procedural-administrative and economical.
They relate to: the time necessary for writing the
procedure (time necessary for making documentation, the “reason against”), time necessary for
implementation, a great quantity of “paper” (too
much documentation, the “reason against”), difficulties at standard interpretation, high costs of
implementation, as well as high costs for maintenance. Bad response of companies, in the case
“reason against”of the experts as well, as it was
expected in the beginning, seems to indicate that
more attention is paid to the benefits from certification and that the “problems” are considered as
normal and side phenomenon. Sometimes, they
are not treated as problems at all.
As a possible general conclusion of the presented part of the research it is imposed the significance of internally motivated organization for
improving organizational processes. In this case,
certification results in improving performances
and market position of companies.

According to [1] and [16]

2010

195

technics technologies education management

Table 1. Reasons for acquiring ISO 9001 certificate
Offered answer
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)

Requirements of the future consumers for ISO 9000
Maintaining/improving market position
Improving the quality of services
Pressure from consumers
ISO 9000 is good as a “tool for promotion”
Increasing efficiency of operations
Improving quality of products
Test for Total Quality Management
Reducing of costs
Other

The interviewed who The interviewed who
selected the answer selected the answer
(experts)
(companies)
20 (20,2%)
30 (12,6%)
21 (21,2%)
57 (23,9%)
21 (21,2%)
49 (20,7%)
8 (8,1%)
11 (4,6%)
6 (6%)
2 (0,8%)
5 (5,1%)
36 (15,1%)
10 (10,1%)
34 (14,3%)
3 (3%)
4 (1,7%)
5 (5,1%)
13 (5,5%)
2 (0,8%)

Table 2. Benefits from certification according to ISO 9001
Offered answer
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)
(l)
(m)

Better management control
Improving consciousness on procedure problems
Use of standards as promotion tool
Improving relations with customers
Relief in eliminating of procedure problems
Increasing efficiency
Improving quality of products/services
Retained present customers
Increasing customers satisfaction
Reduction of costs
Improved market position
Help at introducing new employees
Continual improvements

The interviewed who The interviewed who
selected the answer selected the answer
(experts)
(companies)
11 (10,6%)
28 (11,7%)
5 (4,8%)
18 (7,5%)
5 (4,8%)
11 (4,6%)
18 (17,3%)
18 (7,5%)
2 (1,9%)
12 (5%)
16 (15,5%)
36 (15,1%)
18 (17,3%)
31 (13%)
2 (1,9%)
3 (1,3%)
12 (11,5%)
38 (15,9%)
5 (2,1%)
11 (10,6%)
30 (12,6%)
4 (3,8%)
8 (3,3%)
1 (0,4%)

Table 3. Common problems at certification according to ISO 9001 (80 (95,2%) companies)

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)

The interviewed who The interviewed who
Offered answer
selected the answer selected the answer
(experts)
(companies)
Time necessary for writing procedures
20 (21,3%)
47 (24,9%)
A great quantity of “paper”
14 (14,9%)
32 (16,9%)
High price for implementation
6 (6,3%)
15 (7,9%)
Time necessary for implementation
24 (25,5%)
36 (19%)
High costs for maintenance
3 (3,2%)
8 (4,2%)
Lack of solidity among evaluators
7 (7,4%)
6 (3,2%)
Time spent on checking “papers” in pre-checking period
2 (2,1%)
10 (5,3%)
Ambiguity in standards
4 (4,3%)
8 (4,2%)
Problems at standard interpretation
11 (11,7%)
21 (11,1%)
Other
3 (3,3%)
6 (3%)

Table 4. Reasons against certification according to ISO 9000 (57 (67,9%) companies, 33 (89,2%) experts)

The interviewed who The interviewed who
selected the answer selected the answer
(experts)
(companies)
Too much documentation
13 (21,7%)
21 (19,6%)
High costs for implementation
6 (10%)
22 (20,6%)
Time necessary for finishing implementation
18 (30%)
19 (17,8%)
Time necessary for making documentation
13 (21,7%)
28 (26,2%)
High costs for maintaining the system after certification
6 (10%)
15 (14%)
Other
4 (6,6%)
2 (1,8%)
Offered answer

(a)
(b)
(c)
(d)
(e)
(f)
196
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Human computer
interaction model in
educational software
Model interakcije čoveka i računara u
obrazovnom softveru
Dijana Karuovic, Dragica Radosav
University of Novi Sad, Technical faculty “Mihajlo Pupin”Zrenjanin, Serbia

Abstract
In this paper, in empirical research the tendency of the development and implementation of
new models of teaching and learning with the participation of modern information technology, and
above all human computer interaction (HCI) has
been presented. It has been noticed that there is no
unique technology for making educational software aimed at the specific user’s age. This work
presents the interactive software model for learning colours and shapes. The mathematical model
of the interactive software according to the Fitts’
Law has been presented, too.
Key words: HCI, educational software, user
interface, model
Sažetak
U ovom radu u okviru empirijskog istraživanja
ukazuje se na tendenciju razvoja i primene novih
modela poučavanja i učenja uz učešće savremenih
informacionih tehnologija, a pre svega interakcije čoveka sa računarom, gde je čovek u centru
komunikacije. Uočeno je da ne postoje jedinstvene metode za kreiranje obrazovnih softvera koji
su namenjeni različitim tipovima korisnika. Na
Tehničkom fakultetu »Mihaljo Pupin« kreiraju
su obrazovni softveri, a u sklopu ovog rada relaizovan je softver za predškolski uzrast za učenje
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prvih matematičkih pojmova koji se prilagođava
tipu korisnika. Takođe, dat je prikaz matematičkog
modela koji je upotrebljen za testiranje usvojenog
znanja korisnika. Dati su rezultati primene kreiranog modela zasnovanog na istraživanju sprovednog u Vojvodini. Može se zaključiti da interaktivni obrazovni softveri koji su kreirani po modelu
korisničkog interfejsa obezbeđuje za isto vreme
veće neposredno znanje korisnika, kao i veći stepen razvoja kognitivnih, afektivnih i senzo-motornih sposobnosti i pozitivno utiču na motivaciju korisnika, u odnosu na interaktivne obrazovne
softvere koji su kreirani po samostalnom izboru
njihovih autora. Doprinosi ovog rada ogledaju
se u kreiranju modela korisničkog interfejsa, sa
smernicama za kvalitetniju realizaciju obrazovnih
softvera namenjenih najmlađim korisnicima, kreiranju modela obrazovnog softvera na zakonima
FITSA, sa 5 osnovnih modula i novom matematičkom platformom za proveru znanja, kao i realnijem davanju ocena u skladu sa sposobnostima
korisnika, težine zadatka i vremena potrebnog za
rešavanje zadatka.
Ključne reči: HCI, obrazovni softver, korisnički interfejs, model

2010

technics technologies education management

1. Introduction
1.1. Interactive-communicative aspect of
education
The successful process of education depends
in the first place on fragile and subtle interactions
which are made mostly by communicable bonds
between the subjects, (Bratanić, 1990). When we
want to talk about the interactive software, the first
thing to do is to define the meaning of interactivity in education. It is, also, impossible to imagine
the educational software without any interactivity.
Interactive-communicative aspect could be taken as
one of the teaching aspects among other two: socialgenerational and individual aspect of personality
development. The process of teaching is a creative
act, whose purpose has to be fulfilled by developing
the user interface of the educational software.
1.2. The educational software
The software in the educational field represents
the intellectual technology and it is called the educational computer software (ORS - abbreviation
in Serbian for educational computer software, OS
for educational software), which needs program
languages and tools and a specific organization in
teaching and learning, which are based on logic
and pedagogy, (Nadrljanski, 2000).
Designing the educational software (OS) is
an enormous challenge. The OS of a good quality relies on a relationship between a child and the
computer. It is very important to include children
in designing process of OS, because they do not
hesitate to show their feelings or thoughts.
Ideal would be to create such an educational
software which meets the needs of all three personality types (visual, audio, kinetic, (Mirković,
2007)) including the possibility of switching on
and off some of the options all the time. Considering the differences in individual characteristics,
abilities and qualities American psychologist and
pedagogue B. Bloom developed the taxonomy
of aims and tasks in teaching and education that
consists of 6 main categories: knowledge, comprehension, implementation, analysis, synthesis,
evaluation, (Bloom’s taxonomy, 2007). The Cat2010

egories of Bloom’s taxonomy will be taken in the
model of interactive educational software that is
the result of this research.
2. Methodological framework of
researching
The research, which is done at the Technical
Faculty at University Novi Sad (Serbia), should
give the answers about the role and effects of user
interface in interactive educational software aimed
at a child during in preschool period.
The research problem is formulated because the
following difficulties have been found: a lack of
software aimed at younger children; the presence
of divers software in education aimed at younger
users which are created each to their own by their
authors, without any checking by experts in the
field of psychology, pedagogy, didactics, methodology or in the field that the software is made for;
absence of interactive educational software that
provide the moving objects etc.
2.1. Operational definition of the research topic
To conduct the research there has been used
software, which is made as the graduate work of
students at the technical faculty “Mihajlo Pupin”
in Zrenjanin. These graduate works are chosen
because of their good methodological approach
in teaching software, because of the way the user
interface is carried out, because of the codes, sorts
and forms of testing in software, [8].
The research subject will be studied on an example model of user interface in the new created
software. The model of the user interface will be
created according to needs of preschool children
(aged 6-7), further it will include representative
preschool institutions in multinational regions in
the following cities of Vojvodina: Zrenjanin, Novi
Sad and Subotica.
2.2. The research goals
The first and main goal of this research is objective, detailed, complete and from all sides de199
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scription of all dimensions at graphic design of
user interface in interactive educational software.
The special goal is genesis, implementation, setting up the pilot model of a system and its verification – affirmation, as a new model in the process
of teaching and learning.
Scientific predictions as a goal of this research
will include predictions of the user interface model that will be turned to the child-user, in the future
process of teaching and learning by introducing a
dynamic component.
2.3. The research hypothesis
General hypothesis of this research is: a user
interface model can be created inside of interactive educational software so that it can be statistically important when influencing the rising of
cognitive, affective and sense and motor control
goals of teaching and learning.
2.4. The way of choice, the size and the
construction of a sample
The region of Vojvodina has 44 preschool institutions in 42 counties and the city of Novi Sad.
The preschool institutions are placed in 530 objects. There are 40525 children aged 3 to 7. The
children are divided in 1767 classes. The program
of education work for children between 3 and 7 has
been organized in Serbian, Hungarian, Slovakian,
Romanian, Russian, Croatian and Gipsy. It is also
organized bilingual in multinational communities.
The sample for this research was made of 349 interviewees aged 6-7. The information is related to
the group of children in Zrenjanin, Novi Sad and
Subotica. Altogether, 194 boys and 155 girls were
interviewed. The research took place in 2006.
2.5. Techniques, procedures and measuring
instruments of the research
The choice was to use the parallel groups relatively equal. This technique made it possible to
compare the results between these two groups
(one in a control way of work, and the other in
200

an experimental one). The groups were equal in
number, computer literate, age, sex. Defining the
computer literacy has been undertaken by testing
the skills and afterwards the efficiency of teaching
and learning has been also put to the test after the
experiment is done. The variables of knowledge
and time use the techniques of testing. The instruments used here are tests in software. The procedures taken are documentations analysis, observing and testing.
3. Creating the user interface model of
interactive os
3.1. Mathematical model
When designing the user interface for preschool children it has to be considered that the
children still do not know how to handle a mouse
well, so the big icons are needed in order to make
the approach easier and it is necessary to create
such actions so that the children click onto the
definite surface, further it is needed to give the
mouse clicks the same function and to avoid the
technique drag-and-drop. In the continuing it will
be given a presentation of some of the theories
that will be the basis of projecting and defining the
user interface model in interactive OS.
3.1.1. Fitts’ Law
Fitts’ law was developed in 1954. The model
is based on the prediction of the time to hit the
moving target according to its size and distance.
The model concluded that the time for hitting the
target was conversely commensurate to the target
width, and directly proportional to the distance of
the target centre when the target height was held
constant (theoretically the target was on the start
height), (J.P.Hourcade, 2003).
Mathematically, Fitts’ law is stated as follows:
ID = log2 (A/W + 1) . .................. (3.1)
			
IP = ID / MT ......................... (3.2)
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where
A - target amplitude distance of movement
from start to target center
W - width of the target
MT - movement time
ID - complexity index
IP - performance index
Complexity index represents the effort which
is needed to hit the target (the same ID can be received by different combinations A and W).
Performance index represents the quality of
user performance in experimental conditions. It
can be used to compare performances of different
users groups in the same conditions (e.g. adults
and children) or performances in different conditions (e.g. the usage of mouse instead of the touchpad), (J.P.Hourcade, 2003).
Performance index serves to check the ability of a user to approach the objects on the screen
with the mouse. Performance index (IP) is a model
component which is:
–– universal – it can be applied to all types of
software, because in software, where there
are not dynamic objects, the movement
speed could be ignored;
–– variable – which means that the same user
can have different IP in different modules
for knowledge examination. E.g. it is not the
same to do 10 questions in 2 minutes or 20
questions in 2 minutes.
The principles, which are emanated from Fitts’
Law and easy to apply when designing the user
interface, are the following: actions that are used
more often should be set nearer to the average cursor position, (Zhao, 2002).
Fitts’ Law has been examined a lot. The results of experiments that were based on this law
in different situations mostly match the correlation with the coefficient 0,95 or higher, which
points at the high precision level, (Zhao, 2002).
A large amount of researches have been led (in
the last 30 years), grounded in Fitts’ Law theory
(Kerr, 1975; Salmoni & McIlwain, 1979; Sugden,
1980; Wallace, Newell & Wade, 1978, Juan Pablo Hourcade,2003.) and there have been derived
Hick’s Law, Hick-Hyman’s Law, Accot-Zhai’s
Law (Zhao, 2002).
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3.2. Theoretical base for user interface model
of interactive educational software
While speaking of teaching and learning, it is
not easy to determine the user’s performances. It
is much harder to determine it while creating the
children educational software. Children are specific users of computers and they can be divide into
3 common groups of typical computer users: the
children who do not have computers at home and
have not used them before, the children who do
have computers at home but they use them a little
and the children who do have computers at home
and use them often, mostly for playing games.
Therefore the performance index has been introduced that will give the picture of user abilities to
approach the objects and the time needed to accomplish the determined task successfully.
It has been taken care of users’ types according
to their learning styles (Mirković, 2007) during
the creation of new software, and dynamic objects
were introduced instead of, till now, static objects.
Inside of [8] it has been concluded that the following components influence to knowledge gain:
–– ability of a user to use the software,
–– complexity of the task,
–– time set to solve the task,
–– exactitude while solving the task.
All these components can be unified and their
correlation can be concluded based on Fitts’ Law.
The researchers of this project have taken out next
mathematical rules of the user interface model
in educational software based on (J.P.Hourcade,
2003). Mathematically, the Fitts’ Law (2) can be
applicable to the testing of the learning effects
with the following interpretation:
IP = IS * a/t, . ........................... (1)
where
IP – performance index, ability of a user to
approach the object,
a – variable that marks the number of approaches
to the object,
t – time of approaching to the object (or time of
solving the task), and
IS – complexity index of the task that can be
counted behalf of the formula:
201
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IS = V/S, ............................... (2)
where
S – width of an object,
V – object movement speed.
When the previous mathematical presentation
is applied to test the knowledge in interactive software, the next equality could be done:
E U = I P ⋅ T ........................... (3)
where
EU – achieved learning effect
T – percentage of successfulness in solving
tasks
When the formulas (1), (2) and (3) are combined, it appears the following:
EU =

V a
* * T , ....................... (4)
S t

The effect of learning presented like this is
universal and it can be done in software that only
has static objects and in software that has dynamic
objects. The interpretation of the presented model
in the case of software with still objects is: The
effect of learning presents the possibility of a user
to solve the number of questions given in the test
(S) in given time (t) with the number of attempts
(a) and with a certain punctuality percentage (T).
The interpretation of the presented model in the
case of software with moving objects is: The effect of learning presents the possibility of a user
to approach the given object with the width (S)
and speed (V) a times in given time (t) and with a
certain punctuality percentage (T).
The resulted effect of learning in software that
contains the dynamic component presents the
number of correct answers in the test, regurarly
ordered elements on the screen and similar tasks
in the unit of time.
In divers modul realisations for examination
of knowledge the index of performance can give
the incorrect results which are not the right parameters for user performances because the limits of
users reading abilities ocurr, further comprehen202

sion abilities, abilities to click a mouse to specific
objetcs on the screen. These limits are easy to
avoid if:
–– the made software fits the user age – without
using the text on the screen when knowing
that users cannot read,
–– the software is created to match the cultural
signs of users,
–– different groups of index performance
results are formed for users with different
abilities when using the computer,
–– the test are always made in the same
conditions for all the interviewees – the
same hardware and software platforms, the
same number of interviewees, ...
In the process of creating the interactive user
interface of educational software there has been
isolated 5 connected modules:
–– module of animated intro,
–– module of the presentation part of
educational software content,
–– module of knowledge testing,
–– module of helping hand
–– module of ending animation.
As it was said before, all the processes in 5
modules are, structurally, very close, so that the
diagram of activities, when creating the form, can
be considered the same for all 5 modules, and to
put the stress on the form, which has its own objects.
4. The results of the research
4.1. The results of experimental research
After the performance index of interviewees had
been examined, the experimental research started.
The children used the control software first, which
was not realised on recommended user interface
model, and its topic was the same as in the experimental software, which is shapes and colours. Because of the research conditions – many children
who wanted to use the software as soon as possible – the time was limited to 10 minutes. After 10
minutes the testing was carried out, which was also
limited in time (it only lasted 3 minutes) to get the
2010
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most realistic results, because the ability of a child,
to use the computer, was to us of a big importance.
Therefore, every child had absolutely the same conditions for work. The results of their successfulness
are given in the table 1.
Table 1. The presentation of the successfulness
when using the control software group
City

Percentage of correctness

Zrenjanin

91.29

Novi Sad

92.22

Subotica

93.18

According to the table 1 we can assume that
the percentage of correctness while testing the received knowledge with the control software group
was a little bit above 90%.
After using the software made in the first phase,
the children used the software, which was created
after the user interface model. The time to use the
software was also limited to 10 minutes, while the
test doing time was limited to 3 minutes, as in the
previous software group. It was very important to
limit the time needed for testing the knowledge in
both software groups, because we wanted to examine the ability of a child to answer the questions
quickly.
Based on the performance index results 3
groups of interviewees have been made:
–– the first group of children whose IP number
is lower than 50
–– the second group of children whose IP
number is between 50 and 100 and
–– the third group whose IP number is higher
than 100.
To allow every child to use its performances
the best, the speed of moving objects has been corrected as in the following table:

From the table above you can see that the
children from the first group have objects, which
moved ½ slower according to the results of IP,
while the children with the higher IP (above 100)
had the objects moving twice faster.
The results of successfulness of interviewees
who used the experimental software group are
presented in the table 3 and the diagram 1.
Table 3. The presentation of the successfulness
when applying the experimental software
City
Percentage of correctness
Zrenjanin
98.35
Novi Sad
98.75
Subotica
97.88

Diagram 1. - The presentation of successfulness
when using the experimental software
We assume that the percentage of correctness
while testing the knowledge in software that has
the test, which is applied according to the performances of users, is significantly higher than
using the control software group and leads to 98%.
The results based on the given performance index and correctness percentage, after testing the
knowledge through the module for knowledge examination with the user interface model, told us to
approach the examination of learning effects.

Table 2. The speed of moving objects in the software created after the model
IP
Speed of moving objects
1-50
25 p/s
51-99
50 p/s
>100
100 p/s
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Conclusion
Studies, like this, are of big help to develop
qualitative and more usable software for all age
groups so that the computer can be taken as a basic educational tool. Designing of user interface
is a very complicated process, including the appearance of new subjects that need to be observed
and of new questions that are to be answered. Further researches will certainly lead to practical and
scientific contributions. What we all need in our
further work is to expand the researches to even
bigger circle of users with the material and technical support of competent ministry and other institutions in the social community.
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Abstract
This paper elaborates a part of results obtained
within significant research project covering percussion-rotary drilling of holes small in diameter.
The paper encompasses correlations among drilling
speed, blade bit wear and blade sharpening angle.
The results of these research works confirm the
thesis of correlation among drilling speed, blade bit
wear and sharpening angle as well as the assumption that on the grounds of these parameters it is
possible to define the optimum sharpening angle
where the drilling speed would be the largest and
the blade wear the smallest. The research was carried out on the rocks and ores in lead and zinc mines
of the Kopaonik mine area and within copper deposit in the Jama Bor. The results obtained are presented in Table 1 and Table 2. On the grounds of
such results concerning all the investigated rocks
and ore, the optimum sharpening angle was determined and regularity of deviation in this angle from
the rock mass strength – form (1) was defined. As
the strength standard, the strength coefficient (f) after Protodjakonov, was established.
Key words: Rocks, Ores, Drilling, Bit Blade
Sharpening Angle,
2010

Sažetak
Materija obrađena u ovom radu predstavlja deo rezultata dobijenih u okviru jednog većeg
istraživačkog projekta iz oblasti udarno-zaokretnog bušenja bušotina malog prečnika. Rad
obuhvata odnos između brzine bušenja, utroška
sečiva dleta i ugla oštrenja sečiva. Rezultati ovih
istraživanja potvrdili su tezu uzajamne povezanosti između brzine bušenja, utroška sečiva dleta i
ugla oštrenja, i potvrdili pretpostavku da je na osnovu ovih parametara moguće definisati optimalni ugao oštrenja, kod koga će brzina bušenja biti
najveća, a utrošak sečiva najmanji. Ispitivanjima
su bile podvrgnute stene i rude u rudnicima olova
i cinka Kopaoničke rudne oblasti i u okviru ležišta
bakra u Jami Bor. Dobijeni rezultati prikazani su
u Tabeli 1 i Tabeli 2. Na osnovu ovih rezultata,
za sve ispitane stene i rude, utvrđen je optimalni
ugao oštrenja i definisana zakonitost promene oog
ugla od čvrstoće stenske mase – obrazac (1). Kao
merilo čvrstoće usvojen je koeficijent čvrstoće (f)
po Protođakonovu.
Ključne reči: Čvrste stene, Ruda, Bušenje,
Drilling, Ugao oštrenja dleta,
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1. Introduction
A starting point in all kinds of research is the
fact that current practice, which relies on a single
sharpening angle of a chisel (mainly 1100) and the
radius of a chisel bit (mainly 80 mm), regardless
of physical and mechanical characteristics of the
rock mass and its behaviour in percussion drilling,
may not yield optimal results in all working environments; therefore it is necessary to determine,
for each particular case, the following: the best
parameters of a chisel bit geometry, the type of a
hammer drill, the intensity of the stroke of the piston, an optimal angle of rotation of a chisel bit and
others parameters significant for drilling. In this
paper, a special research methodology was developed and adapted to these issues, which includes
all activities necessary for identifying optimal
technical parameters, adapted to the environment
of drilling operations.
Numerous studies have examined the cutting
tools and drills [1, 2, 3, 4]. Also numerous studies
have examined the wear of drilling tools in mining
and tunneling [5, 6]. In the some of experimentally investigated explored the variations of cutting
forces with depth of cut, rock cutting under external hydrostatic pressure [7], and another experimentally investigated was explored wear induced
material modifications of cemented carbide rock
drill buttons [8]. Some of authors was investigated
the materials for cutting [9].
The U.S. and Australian research this topic,
closely related theory and experiment [10]. In this
investigation was presents a complete model of
the drilling response of drag bits, i.e. a set of relations between the weight-on-bit, the torque-onbit, the rate of penetration and the angular velocity. This work complements an earlier research in
which the existence of a linear constraint between
the torque-on-bit, the weight-on-bit, and the depth
of cut [11].
In the Atlas Copco Tunneling and Mining company was developed a mathematical model for
the performance of a tunnel boring machine. This
paper complete description tunnel boring machine
tunneling with instantaneous and accumulated
values for the tunneling rate, the tool consumption, the costs etc. as output parameters when the
tunneling proceeds through rock with variable
206

properties - strength and the Cerchar abrasivity
index [12].
In the latest research of rock mass characteristics, some scientists are recommend the digital
face mapping method to characterize rock masses.
This technique allows for systematic mapping and
the building of a permanent and huge database
for rock mass characterization. Very tray analyzes
of the discontinuity geometry of rock mass exposures, can be of great help for determining the
many parameters of drilling on the rocks and ores
[13]. The same authors give us very important information about rock mass and possibility of using extended finite element method for analyze
discrete discontinuities in rock mass [14].
The determination of an optimal sharpening
angle of a chisel bit and drilling rate was rarely
made in Serbian mines. A more organized and
comprehensive research in this field, in Serbia
was made by the authors of this paper, for the conditions in mines of the Kopaonik and Bor basin
[15, 16, 17]. New research that happen in mines
Kopaonik and Bor basin show certain results [18].
The paper presents some research results that are
still in progress.
The obtained results enable us to define, with
high precision, an optimal sharpening angle of a
chisel bit when drilling in different rock environments. In this research, the sharpening angle with
the highest drilling rate was adopted as the optimal sharpening angle. In order to find an optimal
sharpening angle of a chisel bit, it was necessary
to carry out experiments on multi-angle bits of a
drill crown at a constant drilling regime. The obtained data on the drilling rate and the wearing of
the chisel bit, are presented in the Table 1 and Table 2.
2. Eksperimental setup
2.1 Investigation Purpose
While carrying out those research works the
authors set themselves as a task to test the methodology that enables a simple and widely used way
in practice (without expensive and sophisticated
instruments and devices) for determination of the
degree of bit blade sharpening angle (a) where the
2010
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drilling speed would be the highest (vmax), while
the bit blade ware would be the lowest (Dhmin).
With given contour conditions (with the same
drilling hammer, the same drilling bit and within
the same working environment only the sharpening angle was changed) preliminary investigations
were carried out confirming that among drilling
speed, drilling bit endurance and bit blade sharpening angle, there is an accidental – consequential
correlation supporting the assumed ratios. Figure
1 presents, in a form of diagram, all those ratios as
well as the confirmation of the established thesis:
stating that with a certain angle – adopted as the
optimum angle, the drilling speed is the highest
while the bit blade wear is the lowest.

Figure 1 The ratios of the optimum angle with
drilling speed and drilling bit blade
With the tendency to test this thesis and determine the regularity of these correlations – within
an extensive investigation project in the field of
drilling, specific investigations on a series of various rocks in different non – ferrous metal mines in
the Kopaonik mine area and the Jama Bor, were
organized.
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2.2 The Researching Conditions
According to the program of these research
works, testing encompasses the numerous different
rock masses in the Kopaonik pits of mineralized
mass as well as in copper ore and accompanying
rocks of the Jama Bor. All the investigations were
performed in pit conditions where case is taken that
the determined drilling parameters be the same.
The following was accepted as the constant parameters:
a. For investigations in the pits of the Kopaonik
mine area:
- drilling hammer RK 28, Ravne - Slovenija;
- compressed air pressure p = 0,6 MPa;
- drilling diameter d = 32 mm;
- the length of the drilling bit 1,6 m - Sandvik
Coromant ;
- bit blade sharpening angles: 80°; 90°;
100°; 110°; 120°; 130°;
- initial blade blunting 0,5 mm;
- maximum blade blunting 3,0 mm.
b. For investigation in the Jama Bor
- drilling hammer BBD-90W – Atlas Copco;
- compressed air pressure p = 0,65 MPa;
- drilling diameter d = 39 mm;
- the length of the drilling bit 1,6 m –
Sandvik Coromant;
- bit blade sharpening angles: 80°; 90°;
100°; 110°; 120°; 130°;
- initial blade blunting 0,5 mm;
- maximum blade blunting 3,0 mm.
The holes were drilled horizontally with the
constant pressure control of compressed air and
water. The adequate pneumatic jag – legs, recommended by the manufacturer, were used for pushing up and holding of the drill hammer.
In reaching the decision on the equipment to be
used for drilling, the stated types of drilling hammers were accepted as these are the types mostly
used in pit conditions. Apart from that, according
to the project it should be determined whether the
technical drilling conditions significantly affect the
correlation of the parameters analyzed in this paper.
The investigations were carried out on rocks
with one – axial strength against pressure of 30
– 160 MPa, different in age and quite different in
mineralization.
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3. Experimental results and discussions
For the needs of studying the effects of drill
bit blade shape on drilling speed and reduction
of blade length (wearing), upon each drilled hole
the length of blade was measured and all the
changes recorded. The accuracy of measurements
was 1/100 mm. Based on the measurements performed, average bit blade wear was determined
and an average was determined for each angle
and each working environment. The data obtained
were analyzed separately – particularly for each
investigated environment and were numerically
and graphically presented in Table 1 and Table 2.
For the purpose of defining the drill speed one
and the same altitude was drill and only that time
actually spent on drilling was measured -”actual”
drilling time. Estimation of the drilling speed for
all the working environment and tested sharpening angles was made on the grounds of that time
and the drilled hole altitude. The obtained mean
values (per investigated environments) are both
numerically and graphically presented in Table 1
and Table 2.
The data obtained indicate that the correlation between the drilling speed and the drilling bit
blade wear depends, to the greatest extent, on two
main factors: mechanical and physical features of
rocks where drilling is performed as well as the bit
blade sharpening angle. Depending on how much
the aforesaid conditions are fulfilled depends the
drilling efficiently and drilling bit endurance. The
investigations carried out within this researching
project showed a significant correlation between
qualitative properties of rock where drilling is performed and the drill blade sharpening angle - on
one hand and the drilling speed and a bit endurance - on the other. In this sense, using the optimum bit blade sharpening angle degree (See Table
1 and Table 2), the ratio between a rock strength
and optimum sharpening angle is defined. This
angle should provide, apart from the highest drilling speed, the longest drilling bit endurance. The
value of this angle – in function of strength coefficient (f), and for the condition of the highest drilling speed and the minimum bit blade ware, can be
presented by the following equation:

The bit blade sharpening angle, calculated according to expression (1) should provide such an
angle where the drilling speed will be the highest
and the bit blade ware the lowest. By using this
equation, the angles of sharpening in function of
strength coefficient (f) were calculated and graphically presented in Figure 2.

Figure 2. The ratios of the strength coefficient
and optimum angle of sharpening
Note: The oscillations seen at diagram in Figure
2 probably result from significant destruction Processes occurring in investigated rocks (prophylitization, kaolinization and similar processes) that failed
to include laboratory samples investigation, but
have apparent effects on rock drilling destruction
process and consequently on drilling tools shape (in
this case a blade shape and dimensions). This phenomenon is particularly evident in rocks having a
strength coefficient (f) about 3 and 5.

a o p t = 0,0563 f 2 + 0,1359 f + 9 ,775, ( o ) ....... (1)
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Table 1. The results of research in mines of the Kopaonik mine area
Results obtained by investigating ore and rocks in mines of the Kopaonik ore area
Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
1. Hydrothermally
80
25,0
0,031
altered serpentine
90
43,5
0,023
Strength coefficient
100
33,3
0,018
f = 2,2
110
33,2
0,021
120
28,4
0,020
130
19,4
0,025

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
2. Hydrothermally
80
56,8
0,028
altered serpentine
90
63,7
0,009
Strength coefficient
100
62,8
0,010
f = 2,3
110
55,9
0,011
120
53,7
0,012
130
37,8
0,019

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
33,1
0,027
3. Lead and zinc ore
90
41,4
0,018
Strength coefficient
100
48,2
0,015
f = 2,7
110
56,9
0,011
120
43,2
0,015
130
28,7
0,029
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4. Heavily altered
crushed limestone
Strength coefficient
f = 3,0

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
45,7
0,009
90
53,2
0,006
100
60,1
0,006
110
37,3
0,007
120
32,9
0,007
130
28,8
0,010

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
11,3
0,0092
5. Lead and zinc ore
90
17,6
0,0086
Strength coefficient
100
36,6
0,0055
f = 3,1
110
48,4
0,0064
120
25,4
0,0077
130
18,3
0,0094

6. Hydrothermally
altered serpentine
Strength coefficient
f = 3,2
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Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
23,4
0,026
90
33,5
0,025
100
60,0
0,015
110
55,0
0,018
120
52,6
0,026
130
20,8
0,034
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7. Altered and
degraded limestone
Strength coefficient
f = 4,0

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
20,5
0,016
90
28,0
0,012
100
51,6
0,008
110
41,5
0,007
120
28,6
0,017
130
19,0
0,020

8. Kaolinized
amphibolites
Strength coefficient
f = 4,3

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
21,0
0,020
90
56,0
0,012
100
52,0
0,012
110
41,0
0,011
120
37,1
0,015
130
22,8
0,026

9. Kaolinized
amphibolites
Strength coefficient
f = 4,8

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
26,8
0,048
90
39,1
0,031
100
32,5
0,039
110
34,0
0,034
120
28,0
0,033
130
24,5
0,040

2010

211

technics technologies education management

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
18,9
0,031
10. Crashed quartzite
90
27,8
0,013
Strength coefficient
100
42,3
0,010
f = 5,6
110
28,8
0,011
120
23,8
0,012
130
17,8
0,023

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
17,5
0,034
11. Lead and zinc ore
90
33,9
0,022
Strength coefficient
100
46,4
0,011
f = 5,7
110
35,3
0,017
120
26,2
0,018
130
14,2
0,050

12. Red series
Strength coefficient
f = 6,7
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Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
12,7
0,017
90
16,7
0,015
100
22,3
0,010
110
38,0
0,010
120
21,7
0,025
130
18,3
0,031
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13. Weaker limestone
Strength coefficient
f = 8,4

Blade sharpening
angle (α)°
80
90
100
110
120
130

Average drilling speed (v) Average blade wearing
cm/min.
(t), mm/m’
27,6
0,034
31,7
0,032
36,6
0,030
46,4
0,027
37,2
0,032
29,8
0,035

14. Flysch
Strength coefficient
f = 10,4

Blade sharpening
angle (α)°
80
90
100
110
120
130

Average drilling speed (v) Average blade wearing
cm/min.
(t), mm/m’
24,5
0,038
26,0
0,033
32,4
0,027
40,3
0,029
35,4
0,032
24,3
0,035

15. Silificated ore
Strength coefficient
f = 12,0

Blade sharpening
angle (α)°
80
90
100
110
120
130

Average drilling speed (v) Average blade wearing
cm/min.
(t), mm/m’
18,3
0,001
19,8
0,001
24,3
0,001
31,4
0,0004
26,5
0,001
20,4
0,001
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16. Compact and
silificated lead and
zinc ore
Strength coefficient
f = 12,7

17. Silificated and
compact lead and
zinc ore
Strength coefficient
f = 15,9
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Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
90
100
110
120
130

24,2
25,7
33,6
35,7
30,2
24,7

0,042
0,040
0,033
0,023
0,032
0,040

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
90
100
110
120
130

18,9
19,9
22,8
25,2
19,1
15,2

0,058
0,036
0,052
0,053
0,072
0,079
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Table 2. The results of research in deposit in the Jama Bor
Results obtained by investigating ore and rocks in mines of the bor ore area
Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
68,7
0,0144
1. Kaolonized andesite
90
75,1
0,0100
Strength coefficient
100
63,0
0,0114
f = 4,6
110
38,9
0,0157
120
27,7
0,0203
130
18,5
0,0278

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
49,1
0,0175
2. Low – grade copper
90
55,4
0,0134
ore RT Brezanik
100
64,0
0,0138
Strength coefficient
110
50,5
0,0170
f = 5,9
120
35,4
0,0223
130
25,4
0,0296

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
80
19,4
0,0472
3. Low-grade ore RT
90
30,3
0,0316
Tilva Roš
100
43,2
0,0207
Strength coefficient
110
51,8
0,0192
f = 8,9
120
43,7
0,0230
130
34,2
0,0276
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Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
4. Silificated andeside
Strength coefficient
f = 11,1

80
90
100
110
120
130

14,0
21,0
37,5
50,5
45,2
36,7

0,0378
0,0249
0,0168
0,0148
0,0187
0,0254

Blade sharpening angle Average drilling speed (v) Average blade wearing (t),
(α)°
cm/min.
mm/m’
5. Rich copper ore
Strength coefficient
f = 14,2

80
90
100
110
120
130

4. Analysis of the results obtained
1. The investigations carried out showed that
the applied methodologies on the optimum
angle defining – based on the study of the
maximum drilling speed and the lowest bit
blade wear – can be used in investigations
like this one, and can be organized, without
significant efforts, in pit conditions.
2. The obtained results enable, with
satisfactory degree of reliability, calculation
of the optimum bit blade sharpening angle
when only one – axial rock mass strength
(indirectly through coefficient “f”) is known
and when expression (1) should be used.
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4,7
8,2
16,0
26,4
44,5
34,1

0,0293
0,0187
0,0131
0,0086
0,0117
0,0147

3. The regularity of bit blade sharpening angle
(See expression 1. and Figure 2) indicates
that with rocks of greater one – axial strength
170 MPa (f>17), the bit blade sharpening
angle exceeds the limit when the interest for
application of the drilling bit blade ceases
and should be replaced to a considerably
rational hard alloy wart bit.
4. The precise limit when a rational utilization
of a bit blade senses and should be
exchanged by a hard alloy wart bit, failed
to be defined by these studies (it was only
estimated), but is expected to be done in the
next investigation cycle.
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5. Conclusion
On the basis of the performed research, it was
ascertained that the optimal sharpening angle of the
chisel crown bit varied, depending on the working
environment. This was expected, considering that
different rocks also have different resistance to drilling, which is functionally related to: the strength of
rock mass, abrasive characteristics, mineral composition, degree of freshness, porosity and other
characteristics. Since the issue here is a highly diversified rock material, the strength of which ranges
from 20 to 160 MPa, and having various mineral
composition and different mineral grain size, porosity level etc, it is clear that the volume of destruction is very different for each particular impact, and
thereby the drilling rate. In order to determine an
optimal sharpening angle of a drilling chisel crown
bit, a comprehensive research work was performed
within the observed working environments. The
angle with maximum drilling rate and minimum
consumption of a chisel bit was adopted as the optimal sharpening angle of a chisel bit.
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Abstract
In this work are given the testing results of mechanical properties and welded joints microstructure of micro alloyed steel, as well as its sensitivity to cold and hot cracking appearance. Obtained
results show that steel has good resistance to cold
and hot cracking appearance, especially at low
temperatures, and welded joints have a very good
combination of mechanical-technological properties.
Key words: micro alloyed steed welding, mechanical properties of welded joints, cold and hot
crackings, microstructure.
Sažetak
U radu su dati rezultati ispitivanja mehaničkih
svojstava i mikrostrukture zavarenih spojeva mikrolegiranog čelika, kao i njegove osetljivosti prema pojavi hladnih i toplih prslina. Dobijeni rezultati ukazuju da čelik ima dobru otpornost prema
pojavi hladnih i toplih prslina, posebno na niskim
temperaturama, a zavareni spojevi imaju dobru
kombinaciju mehaničko – tehnoloških svojstava.
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Ključne reči: zavarivanje mikrolegiranog
čelika, mehanička svojstva zavarenih spojeva,
hladne i tople prsline, mikrostruktura.
Introduction
Process of welding can be observed as termodeformational cyclus, or cuclus of local thermal
treatment of metal, which happens very fast, on
wide specter of temperatures, from room temperature to testing temperature, at simultanious influence of plastic deformation of various sizes. A significant influence is made by method and process
of welding, base metal characteristics, thickness
and rigidity of joint and other factors.
Safety of welded, as of any other construction, is determined by the choice of material, level
of stress (inner or outer) as by the quality of it’s
manufacturing. Total safety of welded construction depends on local safety. On every welded
construction there are critical places, from: aspect
of chosen and built in materials, point of design
and calculation of construction, and finaly, point
of technology of manufacturing of construction
[1-2] .
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Welded joints and welded constructions represent a complex system, from the aspect of material
and it’s properties. Simply, welded joint has three
characteristic zones:
1. Seam metal, with foundry structure, which
is totaly defined only on one pass seams. Important characteristic of chemical composition
of seam, that differs it from rolled or cast steel,
is significantly higher content of oxygen in form
of oxide, and it’s known that the characteristic of
polymorph transformation of seam metal noticably depend on presence of oxygen and alloyiong
elements in it.
For securing the high level of tenacity and lowering the temperature of transition to brittle state
of seam metal different combinations of alloying elements are widely applied. Alloying must
accomplish: increase of quantity of particles for
forming fine grain ferrite structurem narrowint the
temperature interval of g-a transformation, for obtaining uniform structure, lowering the temperature of transformation in area of inter-transformation temperatures.
2. Heat Affected Zone (HAZ), is very heterogenous and dependson: chemical composition
of metal (presence of base, microalloyed and unwanted elements) and technical process of welding. Good knowledge of structure and characteristics of heat affected zone (HAZ) is conditional
for reliable grading of safety of welded construction[3-5].
3. Base material, with exactly defined and homogenous characteristics. Characteristics of welded joint, therefore weldability are defined by limiting characteristics of material, seam metal and
changable part of base metal (HAZ). Characteristics of base material should be well known, because the material is chosen in regard to demands,
defined by designer. Base metal, additional material and prepaired welding procedure greatly influence the characteristics of welded seam metal. Especialy with high quality microalloyed steel with
greater toughness, heat affected zone is the most
complex, so it’s least suitable for observing and
predicting.
Weldability of material can be defined as a capability of material to endure deformations during
the manufacturing of welded construction and to
resist the stresses, during all technological opera2010

tions from the begining of putting it in function in
working environment.
Experience points to a fact that weldability of
material, which is often identified with terms like
technological toughness of welded construction,
depends on three groups of parameters. First group
are metallurgical parameters, conjoint for all those
influences that are brought by: base material, additional material and specific metallurgical processes
during welding. Second group are technological
parameters, conjoint by preparation operations and
manufacturing of welded construction.
Third group are constructional parameters, that
take care of, before anything else, about shape and
distribution of welded joints, their rigidity, stress
states etc.
Basic weldability criteria, with reference to criteria of level of technological toughness of welded
construction is absence of cracks and part of material of welded joint with increased tendency to
brittle fracture. Hence, often, cracks that appear
while manufacturing welded constructions are
called technological cracks.
The goal of this work is to test the weldability
and sensitivity of microalloyed steel to occurance
of cold and hot cracks, as it’s tendency to brittle
fracture.
2. Occurance of cracks
Cracks occure in different stages of manufacturing welded constructions, and are one of causes
of lower exploatational safety of the product. With
increasing of toughness and degree of alloyiong
of modern steel, on one side, the probability for
crack occurance increases, and no another, allowed errors in conditions of brittle of any other
form of fracture are lowering.
For cracks to occure while manufacturing the
welded construction some base material characteristics are very important, which is taken into
account while designing and manufactirung the
base metal, intended for manufacturing constructions using welding processes. However, because
of complexity and numerous for each other dependant factors, which are present in welding,
and can influence the probability of technological
cracks we can say: there is no good enough ma219
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terial that all other badly realised parameters
of welding can’t point out as a material of poor,
or lowered weldability [1,5,7].
So we can solve dilemas like that one, a partition
has been made of possible characteristic cracks,
that occure during welding, with causes and mechanisms of their occurance and spreading, in reference to conditions that must be provided to avoid
cracks, or better said to control the probability of
cracks occurance. Today, in literature, resistance to
hot and cold cracks occurance has been explored,
that occure during thermal treatment of welded
joints and lamellar cracks. Observing structural
changes in heat affected zone (HAZ) and seam metal and forming of those structures, that have lower
plasticity, in reference to unfavourable transitional
temperature of brittle, are a separate group of tests.
Rules of cracks occurance in welding process,
even during thermal treatment, allow unambiguous contemplation from general level of physical
metalurgy and toughness, as a process of brittle intercrystal fracture in relaxing codition. It occures,
when the reserve of plasticity of intercrystal fracture of selected sample of welded joint becomes
lower then creep deformation, gathered in welding process 9hot cracks), holding after welding
(cold cracks), or during relaxing (cracks that occure while thermal treatment). Physical rules of
process of crack occurance and development on
microscopic level can be different for each type of
fracture, even if their general look doesn’t allow
fenomenal approach, developed for conditions of
intercrystal fractures during creeping.
2.1. Cold cracks
Cold cracks occure in seam metal or HAZ, most
often at the end of cooling of welded joint, under
3000C. In direction relative to cold crack axis they
are separated into longitudinal and lateral, by rule
are intercrystal, even if their growth often starts on
grain borders. Schematic view of most often types
of cold cracks in corner and frontal joints is given
on Fig. 1.
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Figure 1. Schematic view of cold cracks in corner and frontal joints [1-2]
Cold cracks are most dangerous for safety of
welded constructions, because they are hard to detect, since, most often, they aren’t noticed during
welding, so, because of that, they are often called:
late.
In welding processes where low and mid alloyed steel is welded cold cracks occure as a
consequence of three factors, out of which none
is enough to cause a crack by itself. Those basic
factors are:
–– Microstructure (especialy occurance of
martensite structure),
–– Content of diffused hydrogen,
–– Remaining stress that folows the welding
process.
Factors, that may influence the cokld cracks occurance are: chemical composition and thickness
of base metal, introduced heat during welding,
environment (moisture, temperature), additional
material, welding process, shape of welded joint,
non metal presence.
Cooling speed is one of key parameters that
can be influenced to avoid the cold cracks occurance. Namely, if the cooling speed is lower then
2010
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critical, with which martensite transformation is
avoided, material that has sufficient resistance to
occurance and growtg ov cracks is obtrained. Nother essentially important parameter is quantity of
diffused hydrogen, because if there is not enough
of hydrogen, cold cracks may occure. Therefore,
as main percaution of preventing cold cracks occurance pre-heating is applied (or another way of
reducing cooling speed) and drying of wire, i.e.
removing moisture from additional material.
While welding steel, a part of basic metal in
HAZ transforms to austenite, which during cooling, depending on cooling speed, transforms into
one of structural components. Which component
shall be dominant depends on composition of base
metal, and welding onditions (quantity of introduced heat, thickness of material, start temperature, environment temperature).
2.2. Hot cracks
Hot cracks occure during primary crystalization of seam or during cooling, but by rule above
0,5Tt,where Tt is melting temperature. Hot cracks
are of intercrystal type, and in relation to seam can
be lateral and longitudinal, and besides seam can
occure in HAZ Fig. 2 [1-2]. Longitudinal cracks
folow the direction of seam axis, spreading mainly
between column-like crystals.

Figure 2. Topography of hot cracks in welded
joint [1-2]
1 - longitudinal in seam in HAZ zone;
2 - lateral cracks in seam in HAZ zone;
3 - lateral cracks in direction of thickness of base
material
2010

Hot cracks can be devided into two groups:
crystalizational and subsolydus (liquational).
Crystalizational hot cracks occure in temperature
interval between liquidus and solidus lines, when
both liquid and solid state are present in material.
This type of cracks especialy occures with alloys
with great hardening interval, and with alloys with
low hardening interval and pure metals can occure
only liquational cracks. Liquational cracks occure
mainly due to presence of low melting segregations on the grain border.
Hot cracks in seam metal. Hot cracks in
seam metal are usualy long, not so branched and
very opened. Main cause of their occurance is increased concentration of sulfur and low content of
MnS in seam metal, when FeS compound is separated on borders of growing crystal grains, instead
of usual compoiunds of MnS type. One of major
differences between these two sulfide compounds
is that MnS has relativly high melting temperature
(hardening) - 16100C, while melting temperature
of FeS is lower then sloydus temperature of steel.
As, after hardening of metal base – steel some cast
remains in form of FeS cmpound on crystal grain
borders, we can assume that conditions for hot
crack occuranse have been met.
Hot cracks in HAZ. Hot cracks in HAZ occure in form of web over the grain borders, just
near the border of amalgamation, and causes of
occurance may be related to technologies and parameters of weldingm or metallurgical process in
liquid and solid state.
During welding of carbon, low alloyed or other
types of steel, crystalization cracks in HAZ can
occure, that mosly spread over the grain border.
Probability for crack occurance grows while working with base metal with lower toughness and during the increased imput of welding energy. In that
case grain growth is noticable, which is suitable
for occurance of this type of cracks (liquational
cracks). Mechanism of cracks forming in HAZ is
different from mechanism of cracks forming in
seam metal. Cracks develop, in this case, on grain
borders of base metal, short time heated above
solidus temperature.
Biggest influence on hot cracks occurance has
chemical composition of steel (C, S, and Mn and
less intensivly Si), seam shape and pre-heating.
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3. Laboratory testings

2.3. Checking the steel’s tendency to cold and
hot cracks occurance

3.1. Chosing the base and additional material

To check the steel’s tendency towards cold
cracks forming, among others, international welding institute (MIZ) formula is applied, which determines the value of carbon equivalent (Cekv.)
[4,7]:

Cekv. = C +

Base material for welding is X-65 steel (label
by API-5L standard), in shape of hot rolled steel
sheets, 9.5mm and 14.5mm thick. Chemical composition of X-65 steel is given in table 1.
Table 2 shows mechanical properies and characteristics of X-65 steel samples.
Welding of samples of microalloyed X-65 steel
was done with coated wire, which’s characteristics
are given in table 3.
For steel sensitivity to cold cracks occurance
TEKKEN method was used (Y-test), and for steel
sensitivity to hot cracks FISKO method was used.
Welding was performed with arc (REL method),
coated wire, f 3,25 (tab. 3).
Experimental welding was performed with two
levels of introduced heat, who’s quantity is defined by energethic conditions (current, voltage,
heating speed).
Namely, shape and dimensions of molten bath
depend on energy input during welding, conditions of crystalization, content and distribution of
leftover gases, width of HAZ, it’s structural state,
re-distribution of microalloying elements in metal
and HAZ, as the deformation level, that folow the
welding process.

M n C r + M o +V N i + C u
+
+
6
5
15
........................................ (1)

If Cekv is less then 0.45, then steel is not
propitious to cold cracks formig
On another side, to check the sensitivity of
steel (if it contains <0.14%C) to hot cracks
another formula is often applied [6-7]:


Si
Ni 
 ⋅ 1 0 3
+
C ⋅  S + P +
2 5 1 00 

........ (2)
HCS =
3⋅ M n + C r + M o +V
Steel, which has toughness Rm>700 Mpa is
sensitive to hot cracks, and if the HCS (Hot Cracking Senitivity) is above 2, in regard to if HCS is
above 4 for steel that has Rm<700Mpa (like lowaloyed steel X-65).
Table 1. Chemical composition of X-65 steel

Elements (%)

Sample

C

Si

Mn

P

S

Cu

Ni

Cr

Al

Nb

V

1.

0,066

0,179

1,440

0,015

0,006

0,068

0,025

0,034

0,031

0,039

0,066

2.

0,067

0,201

1,490

0,013

0,007

0,080

0,025

0,025

0,028

0,039

0,065

Table 2. Base material characteristics (X – 65 steel)
Sample

Thickness
(mm)

1.
2.

Mechanical properties
Yield point
Re (MPa)

Ultimate tensile strength,
Rm (MPa)

A5,
(%)

Toughness, KV(J),
na -200C

9,5

531

619

35

112

14,5

473

569

43

97

Table 3. Chemical composition and mechanical properties of weld of used wire
Wire
E53BNi «ELVAKO»
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Chemical composition (%)
C

Si

Mn

Ni

0,06

0,50

0,90

1,10

Mechanical properties
Re (MPa) Rm (MPa) A5 (%)
> 400

570 - 650

> 22

Toughness, (J)
> 47, na – 40 0C
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Optimization of metal seam structure (dominant presence of acerose ferrite) and heat affected
zone (narrow overheated zone in which dissolution of carbide, nitride, carbonitride deposits occures, and grain growth) is achieved by limiting
the temperature between two passes to 2000C max
and adequate cooling speed in temperature interval 800-5000C (Dt8/5).
Welding parameters of technological tests for
determening weldability and sensitivity of X-65
steel to hot and cold cracks occurance is shown
in table 4.
Mechanical - technological tests of welded
joints were done in complience to JUS C. T3054
(ultimate tensile strenfth), and JUS C. T3051
(toughness).
Test results are given in table 5.
Metalographical tests were made on samples
that were taken from seam („clean metal weld“),
place of joining of HAZ and base (BM) and HAZ
itself.
Metalographical tests were done on samples,
that were taken from welded seam (“pure welded
seam metal”), HAZ, and the spot where HAZ and
base metal meet (BM) picture 3 a, b and c.

On picture 3 transcrystalization zone of weld is
shown (picture 3a) which continues as HAZ with
acerose Widmannstalten structure (picture 3b).
Then it’s an area of non completed pre-crystalization (temperature range between Ac3 and Ac1),
and on a few milimeters from HAZ there is structurally not changed material (picture 3c).

a) welded joints

Table 4. Basic information on energetic parameters of experimental welding of X-65 sample steel
Sample

Thickness Wire E53BNi,
(mm)
f (mm)

Voltage
(V)

Speed
(cm/min)

Current
(A)

Nomber of Linear energy
passes
(kJ/cm)

1.

9,5

3,25

25
to
26

13,33
to
33,00

113
to
125

10

6,09
to
10,15

2.

14,5

3,25

25
to
27

14,44
to
25,32

107
to
125

10

7,03
to
13,36

Table 5. Mechanical - technological properties of weld (average value)
Base
material

Additional
material

Sample

1
Steel
(X - 65)

560

A5
(%)

580

Toughness, KV (J) T (0C)

25

167
86
35
14

+20
-20
-40
-60

18

177
145
78
19

+20
-20
-40
-60

E53BNi
2
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Ultimate tensile strength,
Rm (MPa)

223

technics technologies education management

b) ZUT

c) BM-ZUT
Fig. 3. The appearance of microstructures welded
joints of steel X65,
thickness 9.5 mm executed with electrode E 53
BNi [5]
On Fig. 3a seam structure of welded joint is
shown. In normalized zone of seam composition
consists of low grain ferrite. On Fig. 3b structure
in HAZ area is shown, which consists of ferrite,
less fine. Fig. 3 c shows the structure on line: base
metal – HAZ.

reaching the Rm required minimum. This problem
is overcome by adding Nb whuch refines grain,
and is not in Cekv. Formula. Also, by adding
V+Nb high ultimate tensile strength is achieved.
Based on obtained values for ultimate tensile
strength and impact tenacity (table 5), we can
conclude that a good combination of mechanicaltechnological characteristics of welded joints has
been achieved, while results of better quality were
obtrained for X-65 steel 14.5mm thick. Namely,
sample breaking, 14.5mm thick occured in base
material (not in HAZ, as with 9.5mm sample),
which can be explained by, on one side lower
width of HAZ, and on another, by better mechanical properties of seam (table 5), relative to mechanical properties of base material (table 2).
Based on pictures analysis of microstructure
we can see that normalized structure and weld and
HAZ consist of fine grain ferrite crystals, while
the primary structure is of acerose and polygonal
ferrite.
Results of cold and hot cracks ocurance sensitivity of X-65 microalloyed steel tests show that
mentioned steel has no tendency to occurance
of cracks of these types. Namely, using metalographical analysis of X-65 steel, using TEKKEN
method, as based on calculated Cekv. Value (table
3), it;s concluded that mentioned steel has no temdency towards cold cracks occurance, while calculated HCS values (table 6) also show that X-65
steel is not sensitive to hot cracks occurance.
Table 6. Cekv and HCS for X-65 steel
Sample

Carbon content
(%)

Cekv.
(%)

HCS

1.

0,066

0,33

0,47

2.

0,067

0,34

0,42

4. Results and discussion
Based on calculated values for Cekv. And HCS
(formulas 1 and 2), for microalloyed steel X-65
(table 6), we can conclude that mentioned steel has
no tendency to cold or hot cracks occurance.
We should mention that with selfreducing of
Cekv. Value (lowering the carbon and Mn content)
transformation temperature (g/a) increases, which
leads to growth of ferrite grains, and endangers
224
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5. Conclusion
Based on set research goal, performed tests and
obtrained results we can conclude:
1. Microalloyed X-65 steel has good
weldability, especialy on lower temperatures
(-20 do – 60 0C).
2. Welded joints have a good combination of
mechanical – technological properties
3. Steel has, also a good tenability to as cold so
hot cracks occurance.
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Abstract
The purpose of this paper is to compare department heads, faculties and students’ attitude
toward the facet change management in physical
education departments of Islamic Azad universities of Iran. This research include 63 department
heads, 185 faculties and 138 students. The data
was analyzed using a repeated measure One-way
ANOVA, t-test and tukey test (α=0.05). Results
demonstrated that managers' attitude score toward change management is much than expected
(P<0.001) while faculty members' and students'
attitude score toward change management was
less than expected (P<0.001). Analysis of variance
ANOVA indicated that there was great difference
in the attitude toward the dimensions of change
management among department heads, faculties
and students (p<0/001). We conclude that faculty and students viewpoints toward carrying out
change management by department managers is
less than expected and There was significant difference in the attitude toward the dimensions of
change management among department heads,
faculties and students.
Key words: Change Management; Department
Heads; Faculties; Physical Education Student
1. Introduction
Change is transition and alteration in behavior,
structures, policies and goals happening in some
organizations units (Hanifi, 2006). The world is
changing; change speed in our era is the most we
have ever had, and in recent two decades, there
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have been changes in all fields (Khanmokhtari,
2007; Hersey, & Blanchard, 1986). Nowadays,
many researches believe that organizations cannot
stop changes speed; but they can change doubts,
fluctuations and instability into opportunities for the
purpose of learning, adaptation and desired agreements (Abili, 2004; Sanjari, 2000; Cinite, 2006).
In the recent years, change has been a significant and considerable issue in managerial discussions, such that some believe that change should
have priority in a manager’s daily programs and as
people are committed to goal, they must commit
to changes (Taylor, 2006). Paying attention to requirements and its effective management is widespread. Almost nobody doubts about change requirement. It should be mentioned that nowadays
necessity of accepting changes by novel organizations is a “must” in organizations as a device and
an inevitable base for efficient heads. In fact, following school of Tailorism and not stepping with
high-speed movements in history, especially in
new era called data explosion, means decadence.
The result of not paying attention to this “must” in
critical conditions, caused by inevitable changes,
is organization development stop. In other words,
if entering an unknown world needs risks, stagnation means welcoming a certain risk and accepting
a failure (Abili, 2004).
Regarding to researches results and history, it
should be mentioned that major element of development of human being’s different aspects
in different societies is designing and accepting
changes, doing related programs and evaluating the results obtained, which are discussed under change management. Change management is
done for the purpose of distinguishing inefficien2010
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cies of present conditions, and making attempts in
order to achieve desired conditions in future. In
other words, change management is meant a set
of operations in order to plan, apply and organize
changes caused by internal and external environment in organization processes (Hanifi, 2006).
Universities are certainly the most significant
institutions in human’s life duration. The policies
of higher education and management of universities are very important; their outstanding characteristic is the existence of great variables and even
variability in these variables. Nowadays, if universities do not reconsider their internal structure and
state, their future situation will be disappointed
(Amiri,2002). Researches findings show that in
recent decades physical education and sporty sciences have been developed, such that this field has
been created as a major in university. During recent
years, some of Azad and public universities have
been established and accepted many students in this
major; but it seems that by growing and expanding this major and accepting many students all over
the country, this major quality have not developed,
and it did not receive great attention in some universities. We can investigate different dimensions
of this issue. The most significant difficulties in
internal-university sports is shortage of expert instructor, lack of budget, any support by university
responsible, management weakness and lack of
students motivation (Amirtash, 2007). Generally,
desired situation do not adapt the existing facilities
and sporty places in universities (Bahlakeh, 2008;
Sayarnezhad, 2007). There are some results causing undesirable efficiency and dissatisfaction of
physical education graduated students; they are as
following: people do not have enough knowledge
about this major ability, low income, M.S courses
are not balanced with society needs, and there is a
great shortage of occupation in society (Janani Siahdasht, 2000). Physical education faculties face with
shortage in number of experts. Their management
issues do not position in a good place; the reason is
that the condition of choosing a manager does not
adapt necessary proficiency in educational management, especially in physical education management
(Kuzechian, 1994).
Investigating general physical education in
Azad and public universities indicate that there are
many problems in existing state of physical edu2010

cation students (Bahlakeh, 2008; Sayarnezhad,
2007; Janani Siahdasht, 2000; Kuzechian, 1994).
Elapsing some years after codifying important
plans about this major, some needs are outstandingly felt: a great number of experts, wide social
changes, increase of physical education sensibility
for championship, rehabilitation, training, competition, change in students and teachers’ needs, necessity of innovation in physical education plans,
and scientific expanse in physical education.
It should be considered that many organizations make changes process in order to obtain better results or to change their business methods; but
a narrow range of them are successful, and most
of them fail during change process (Cinite, 2006,
Senge et al, 1999; Mehrju Kamakoli, 2007; Bovalino, 2007). Researches results show that managers
can play an important role in making changes in
universities; but they do not perform their role well
as a leader or pioneer. Regarding to this issue, if
we focus on managers roles in being effective, we
cannot expect that any changes should be made in
any conditions; the managers must have the ability
of planning, conducting, and controlling changes
(Kabiri, 2004). So, in such conditions, change
management can be used as a planned process for
change in an organization. These changes could be
shown in technology changes included using new
processes or organizational changes, included reforms. The goal is to maximize social attempts of
all people involved in change, and to manage them
n order to obtain desirable results (Kelso, 2005).
Regarding to different definitions of change,
it can be concluded the change goal is increasing
organization effectiveness and in change process,
viewpoint is regarded as an important element
(Hersey & Blanchard, 1986). People’s attitudes
and understanding about change has a great effect
on effective change plans in universities (Neckline, 1999). Attitude is one of the most significant
issues in social behavior. In psychology, this word
means a person response toward a stimulus with
special situation. But in social psychology, regarding to psychological-social complexity, this word
means learnt behavior purpose, which is almost
real, and is always indicated by negative and positive pole, and are measurable (Mozafari, 2002).
Change could be considered positive or negative
among people. It must be mentioned that if change
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is accompanied by proper management, we can
use it in a positive way. But if the manager does
not know about suitable confront with change factor, change factor changes into crisis factor and in
some cases it could be the start point of failure.
In order to indicate major goal of the present
paper, many investigations have been carried out.
The result is as followed: we all believe in this point
that universities are major pivots of society development, and their response to changes has a great
effect on carrying out their assignment. Focus is
on this point that physical education Departments
in universities are one of the most significant and
fundamental parts, and they have a great effect on
expanding and developing country sports. Now, an
important point to study is what managers, faculty
and physical education students’ attitude are about
change management. This paper will let us take
a careful look on change management issue and
related issues such as change necessity, requirements, planning, performing and change confirmation in order to propose practical methods.
2. Research Method
The present research method is Quasi-experimental and data were gathered by filling out
questionnaire by managers, faculty and physical
education students (M.s & PhD students) of Islamic Azad University all over country. Numbers
of them were obtained in accordance with this
research place, existing data in major booklet of
Islamic Azad University, and also reports related
to data part in university. They were 84 managers,
420 faculty and 350 students. Ultimately, 65 managers, 175 faculty and 149 students participated in
this research. Gender is not considered in this investigation. Descriptive statistics method has been

used in order to calculate plentitude, percents and
standard deviation. The results are presented by
tables. In order to compare studied groups viewpoints, analysis of variance test, t-test and tukey
test (α=0.05) was used.
Regarding to research nature, we used questionnaire as a data collecting device. Mentioned
questionnaire is consisted of two parts. One part
is about general information, and the other part is
change management questions. In this part, examiners viewpoints about doing change management
by managers in physical education groups are
measured by 28 questions. In order to determine
basic questionnaire validity, we used viewpoints
of 20 sport management experts (faculty or PhD
students), and for more reliability, questionnaire
was distributed among 50, and reliability was calculated by Kronbach Alpha method (88.7%).
3. Findings
Based on results, major tendency of 34% of
department heads, 47% of faculty, 30% of students (M.S and PhD students) is physical education management and planning. In managers’ examiners group, 2% were faculty professor, 1.2%
were associate professor, 11.4% were assistant
professor, and 72% were instructor. Among faculty members, 3% were associate professor, 25%
were assistant professor, and 85.4% were instructor.41% of all examiners age was less than 30
years old, 42% in range of 30 to 39 years old, 14%
in range of 40 to 49 years old, and just 3% of them
were 50 years old or more. 40% of examiners had
less than 5 years work background, 44% in range
of 5 to 14 years, 7% in range of 15 to 29 years, 3%
more than 30 years, and 6% of them did not have
any work background.

Table 1. Examiner distribution.
Target population

Number of target
population

Sample
number

Return
number

Managers

84

84

65

76%

17%

Faculty
Students
(M.s & PhD students)
Total

420

252

175

69%

48%

350

180

149

82%

35%

854

516

389

75%

100%

228

Examiners
Total sample
Participation percent
percent
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In order to determine average difference, we
used Tokey test. Table 4 shows the method of two
groups’ comparison. As shown, there is a significance relation between variables; so, there is a significant difference between 3 groups’ viewpoints
toward change management dimensions by department managers.

In order to describe examiners viewpoints
in comparison with change management facets
among department managers. According to gathered data, average equivalence theory is not accepted; and since average difference of managers
score is positive, we can conclude that this score is
more than expected level. So, it means that managers’ viewpoints toward change management are
more than expected. But average difference negative among faculty heads and university students,
and is less than expected; so, we conclude that
faculty and students viewpoints toward carrying
out change management by department managers
is less than expected (Table 2).
In order to compare 3 groups’ viewpoints (managers, faculty heads, students) toward mentioned
variable, one-way analysis variance method was
used. Results showed that calculated level of significance (P<0.001) is less than 0.05. This relation
indicates that this test in mentioned level is great.
So, almost certainly, it can be said that there is a
significant difference among attitudes of managers,
faculty and students toward change management
dimensions of department managers (Table 3).

4. Discussion and Conclusion
Attitude toward change management in the
world of management is systematic and processbased. The process starts somewhere and finishes
somewhere else. In an overall look, it can be mentioned that the process of change management is
consisted of different steps. Its basis is software
and hardware. However, the main foundation of
change in all organizations is in fact human-being.
Our results show that only 11% of heads of departments, 6% of faculty members and 9% of the
students indicated that they have passed a workshop or course on change management. Generally,
it can be said that 92% of the study population did

Table 2. t-test results related to the subjects attitude to change management dimensions.
Statistic

Group

Observed
Mean & SD

Expected
Mean

Mean
difference

df

t

P

Attitude
toward Change
management

managers

4.18± 0.379

3

1.18

64

25.17

<0.001

Faculty

2.48± 0.777

3

-0.52

174

-8.73

<0.001

students

2.72± 0.920

3

-0.28

148

-3.63

<0.001

Table 3. Results related to one-way analysis variance about comparing people’s viewpoints toward
change management facets of department managers.
P
<0.001

F
114.034

Mean Square

df

Sum of Square

Changes resources

70.755

2

141.511

Between groups

0.620

384

238.262

Within groups

386

379.773

total

Table 4. Tokey test to compare attitude of studied groups in terms of change management dimensions
by department managers.

2010

Groups

Mean difference

Standard deviation

P

Department heads - faculty

1.701

0.114

<0.001

Deparment heads -students

1.461

0.117

<0.001

Faculty -students

0.240

0.088

<0.007
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not pass any course or workshop on change management. This rises the consideration that they do
not have necessary knowledge and skills to assert
the appropriate changes according to the requirements of the present century. So, to overcome this
shortcoming, managers should be thought the
change management to be ready to apply changes.
To evaluate the attitude of participants toward
change management in heads of physical education departments, their attitude toward their understanding of change, programming for change,
applying change, and stabilization of change were
analyzed. Our results demonstrated that managers’ attitude score toward change management
was much than expected (P<0.001) while faculty members’ and students’ score toward change
management was less than expected (P<0.001). to
compare the general attitude of the three groups
toward mentioned variables, unilateral analysis
variance was used and it was concluded that there
is significant difference among the attitudes of
managers, faculty members and students in terms
of aspects of change (P<0.001). Our findings show
that there is significant difference between groups
in pairwise group comparison in terms of aspects
of change management (P<0.007). This result is
consistent with the findings of Safarbaglou(2005)
which indicates that change management is not
applied in Tehran high schools and there is significant difference between the attitude of teachers
and bosses in Tehran public high school toward
change management.
Hansan (1999) demonstrated that faculty members of universities do not involve in change management and even in some cases resist against it.
A study carried out by Hanifi (2006) to evaluate
the performance of top managers in change management programs shows that managers are the
founders of change in their organizations. Common errors are disconnection from the change
process, shortcomings in development of unity
among members to support the change program,
beginning another change program immediately
after beginning a new program and underestimating the individuals’ resistance against change.
A reason for failure of organizations is their
lack of compatibility of their strategy orientation
with external environment. According to Cinnite
(2006) attitude in favor of change and resistant to
230

change are the two ends of a continuum of attitude toward change. Universities around the world
are facing the need to adapt to a rapidly changing
educational and social landscape. During the last
decade, the higher education sector has experienced many pressures and changes (Hanna, 2003;
Scott 2003; Waterhouse, 2005). Managers play an
important role in the tendency of teachers toward
change (Taylor, 2006) and managers’ behavior affect the teachers greatly and effective changes in
educational centers is possible only by close relationship of managers and teachers (Dixon, 1991).
Concerning the importance of effective change
process, managers should have the necessary
skills and teachers should support the managers in
this process (Havlik, 2007).
Significant changes in the universities occur
when managers and faculty members become interested in the process. Therefore, understanding
the human aspects during applying key changes
is crucial for effective integrity of a purposeful
change (Chao, 2005). Cabanof showed that higher
education institutes that are associated with values such as team work, participation, commitment, and high levels of competency, they accept
the changes warmly. In contrast, the universities
which are based on the organizational culture of
elitism, or leadership structures show negative attitude toward changes (Hanifi, 2006).
The main goal of fulfilling this study is to give
consultation to heads of departments of physical
education and the organizations relate to university sport in order to assist the future development
of the major in the country. We hope that this study
would help to achieve a better understanding of
the present state of educational departments as an
official and responsible authority to develop scientific and specialized human forces for sport as
well as attracting the attention of managers and
authorities to enforce this foundation to become
compatible with rapid changes of the internal and
external environment of the universities. Considering the findings of this study, it is recommended
to teach the importance of change management
and its related skills by holding educational workshops and scientific seminars. To improve the
performance of managers toward change and its
main parameters, a new policy should be adopted
and then be developed and applied practically. The
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strategies of successful managers in change management should be encouraged to become a model
for other managers. It is appropriate for mangers
to consider the attitudes of faculty members and
students toward change management in educational departments.
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Abstract
Aim of this study was codifying the indicators
of self-organization and description of them in
Iran Physical Education Organization (IPEO). In
this study, 65 employees of headquarters, 105 employees of sports federations and 210 employees
of total Physical education departments’ provinces
participated.
Measuring tool in this study was questionnaire
of self-organization. Surveyed variables were selforganization and its indicators in 3 fields of: structure, behavior and organizational abilities in view
of the employees.
T test showed that structure and organizational
abilities of the Self-organizer in sport federations
and Total physical education departments in provinces was much more than was expected. There is a
significant difference between means of structure,
behavior and organizational abilities (P<0.001).
LSD and Tamhane tests also showed a significant
difference of a=0.05 in pair comparison.
Key words: self-organization indicators; T
test; Physical Education Organization; organizational behavior; organizational abilities
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1. Introduction
Nowadays, all organizations are going under
several changes inevitably. These changes take
place due to incoming and outgoing technology,
information, human resources, customers, raw
material supporters, competitors in work field and
other organizational elements. Therefore, some
actions must take place and these changes could
not be ignored or be reacted indifferently.
Changes occur and disorders come after them
(Wulf, 1999). Dealing with changes, unpredictable aspect of them and its sequences has become
one the most important challenges of 21st century
managers (Alvani, Danayifard 1384). IPEO is not
excluded from this rule since it is an organization
with lots of complexities and divers customers
(age, gender, social level…) with such different
needs (Robins 2006/ Alvani, Danayifard 1384).
This organization is exposed to sudden replacement of managers and heavy pressure of organizational environment (Smith 2004). However, despite these changes, managers of this organization
like to have an active department. The question
is what kind of indicators and criteria must such
organizations have in order to lessen the disorder
caused by incoming changes and adapt them for
benefit of the organization?
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Researchers (Wheatly, 1999; Stacey, 2000;
Olson & Eoyang, 2001; Hulsman; Grapp; Li Y,
Wycisk, 2007, Mendenhall; Macomber& Cutright;
Mare 2000) believe that in order to answer these
questions, a fresh attitude is needed to replace
with Newtonian beliefs. Newtonian belief teaches
us to become expert in management of even and
unchangeable conditions and think about efficiency. But today we need harmonizing changeability,
complexes and efficiency. In Traditional beliefs,
social organizations are fixes and behave in linear
manner. It is true that linear patters are useful in
analyzing the data, but linear relationships in natural systems are very rare and even rarer in social
and organizational relationships (Mendenhall et
la 2000; Lichtenstein 2000). Imposing linear relationships on most of real phenomena is wrong and
truth is that they have discontinuous and nonlinear behavior (Lichtenstein 2000; Koch and leitner
2003; Vareney 2007; Lewis 1994; Smith 2005).
There are two new theories by the name of
“Chaos” and “Complexity” which with their nonlinear approach understand the organizational behavior much better.
If we accept the traditional theories, therefore,
fixed organizations react very inflexibly against
changes and their actions are according to rules
and standards of no change at all. Chaotic and inconstant organizations also behave poorly in maintaining the information and chance of predicting
their performances is impossible. But when an
organization reacts to the changes on time, it actually set between constancy and inconstancy, in this
manner the organization is flexible and so its plans
and duties are changeable. In this very situation,
organization experience creative changes.
New management patterns are based on Complexity and Chaos theories and can answer the
questions related to needed factors and criteria for
dealing with changes in self-organization.
Message of Self-organization for managers is
that with help of hierarchical goals or predetermined philosophy and precise control, they must
approach to a management plan by activation and
flexibility to the changes (Allen& Morton, 20006).
Self-organization describes a condition which is
rarely constant. Result of this condition is retuning
in an organization which shape a mainframe for
its performance (Bibb, 2000). Self-organization is
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just like physical fitness for an athlete which has
several factors and is essential for his success. Like
a well prepared athlete who can perform will in a
competition and win; organization which gain factors of self-organization can utilize their resources
efficiently and go ahead of others.
There are several description of self-organization in field of human resource management
(Carapiet & Harris, 2005; Laihonen 2006; Eoyang
2001; Heylighen 2008; Haken 2000). The description which this research has based upon it; is as
follow: Self-organization is organizational capacity for maintaining activation and adaptation with
sudden changes; and its basis place in 3 fields of
organizational construction, ability and behavior
(Hulsmann et la, 2007).
Despite much attention of the different literatures to importance and capacity of Chaos and
Complexity theories for identification of today’s
challenges of organizations and essential need of
improving the performance of managers and personnel, lack of appropriate tool for reaching to this
goal could be observed.
This survey shows that type of organizational
preparation that the IPEO needs in order to face
with changes and adaptation in field of different
sports and what sort of factors must be considered
in this matter. Does this department have appropriate capabilities for co-evolving with advanced
countries in this field?
Main goal of this study with respect to Chaos &
Complexity theories is identification and codifying
the indicators of Self-organization based on interview and reviewing the literatures in three fields of
organizational structure, ability and behavior and
describing them according the questionnaires related to IPEO. In this research also, relations between
of selected characteristics of respondents and the
subscales of self-organization would be surveyed.
Main hypothesis is that self-organization has
several indicators in triple fields of organization
and their volume of effect is different in each layer
of this department.
Previous studies showed that extension and
improvement of today’s organizations is related to
adaptation to changes and traditional patterns of
management have nothing to say in this concern.
Tineke (1990) suggest that in an agitated condition, organization must learn and be experimen2010
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tal in order to survive and improvement of such
organizations depends on self-organization of its
departments. Asaf (1994) introduces important aspects of shaping self-organization as role of goals,
approaches, mutual values, nature and importance
of important and effective aspects of self-organizer. Wulf (1999) believes that for dealing with
disorders caused by changes, factors like self-reference, enough knowledge, intra and between organizational relationships in order to interchange
knowledge are needed.
McMillan (2000) says that self-organized
groups have powerful sense about corporate goal,
responsibility, creative behaviors, inherent order
emerges, and higher levels of energy for their
tasks. Ashmos & Duchun (2000) believe that organizations with decentralized structures are more
capable of retuning and changing themselves and
their attitude toward complexity is: Absorption of
the complexity and decreasing it.
Eoyang (2001) presents CDE model for conditions of self-organization in human systems which
is included of Container, significant Difference
and transforming Exchange. In his point of view
Container is a physical border which must be flexible and like a magnet brings the staff near each
other and like gravity creates trust and a mutual
language. Self-difference is any type of difference
which brings a new capacity for changing and
moving toward self-organization (talent, experience, skill, budget...).
Transforming Exchange is any kind of transformation of information, energy or material between 2 employees, offices, department etc… that
act as an exchange and relate different parts of the
organization. It would be effective and changeable
when consequences of self-organization affect the
staff. Eoyang considers self-organization as process of shaping a new wide system pattern according to personal disciplines and motives.
Carapiet & Harris (2005) introduce the most
important factors of self-organization as high
level of trust, mutual cooperation, right information, honest relation, open system, decreasing the
control on behalf of managers, high freedom in actions and General feeling.
In their researches, Allen & Morton (2006),
Stevenson (2000), Wheatly (1999), most important factors of self-organization has been consid2010

ered as organizational identity, information flows,
interdependent relationships and self-resource.
Result of their researches showed that self-organization needs the concept of leadership in order
to become a group rather an individual. Koch and
Leitner consider the conditions of self-organization for producing new products as freedom of action, open relation with people and environment,
continuation of exchanges and having mutual
goals and aims of the personnel.
Researches of Hulsmann, Grapp and Wycisk
(2007) show new approaches in complex organizations of new world. They believe that self- organized organizations have special qualities in their
construction, behavior and ability. These qualities
enable them to improve rapidly in changing environment and reach their goals. Self-organization
qualities which are classified in organizational
chart, describe the basis of the self- organization.
Quality of organizational behavior shows how
organization improves and organizational ability
shows what the organization can do. These factors
were selected for 2 reasons:
1. System-oriented approaches of the organizations are considered as adaptable systems
with changing environment.
2. These factors pay attention to different
aspects of the system design which are
related to management.
Some of researchers consider self-organization
as an organizational capacity to gain activation
(Moleman, 1998; McMillan 2000; Smith, 2004; Allen & Morton, 2001; Lichtenstein, 2000) and some
as an organizational ability for dealing with problems and complexities ( Asaf, 1994; Stacey, 2000),
or an organizational process for emergence of office innovations in field of management ( Eoyang,
2001; Mayer, 2001; Jaafari, 2003; Carapiet & Harris, 2005; Laihonen, 2006; Hulsmann et la 2007).
But all can be understood from results of these researches is that self-organization is a process which
emerge in a special time like changes and has special condition such as changing the structure or behavior which finally result in creation special abilities which never lived before that time. This very
quality makes self-organized organization different
form traditional organizations.
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Each factor in organizational structure could be
one the necessary conditions for self-organization.
Researches show that this kind of organizations,
have special ability to improve and evolve and in
comparison to their peers, they not only can progress better but also they have meaningful impact
on their competitors. Indicators which have been
introduced up to now, are not very complete and
are shaped rather on basis of communication. Today, there is need of complete and comprehensive
knowledge of factors which lead to self-organization, so that managers could rebuild the organization as moving toward.
In all researches related to self-organization
in industrial and financial bodies, lack of experimental and theoretical researches about sports
organizations could be observed and just 2 such
researches were found about self-organization in
sports team and changing in sports club (MayerKress, 2001; Smith, 2004). Also, there were no
such researches in domestic studies. We hope that
this study present an efficient tool for making selforganized sports organization so that with a dynamic organization, technical and official innovations take place.
2. Methodology
This was a descriptive study and data was gathered through questionnaire. Participants were all
the personnel of, Headquarters, National Sports
Federations and Total Physical Education Departments in Provinces. With regard to time and location of this research and existing information of
Informatics department Number of the personnel
in Headquarters were 700, National Sports Federations 1500 and Total Physical Education Department in Provinces 3000 employees. Statistical
samples selected by random sampling stratify and
according to Morgan sampling table, 65 individuals from Headquarters, 105 individuals form Federations and 210 individuals from Total Departments participated in this research.
Utilized method for measuring frequencies,
means, percents, standard deviations was descriptive statistics and results are presented in tables
and charts. Unilateral analysis of variances was
used for comparing the attitude of participants.
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T test was used for surveying personal attitudes
about indicators and criteria and domains of selforganization. This test performed for one and 2
independent sample and F was measured. If variances were the same LSD test would be utilized,
nevertheless Tamhane test would be appropriate.
Regarding to nature of this study, tool of date
gathering was questionnaire. This questionnaire
was prepared by the researcher and based on interviews with some of effective managers of related department, literature review and standardized. Questions were prepared as a packet and in 2
parts: Personal information questionnaire as needed and self-organization questionnaire with 94
items which survey indicators of self-organization
in 3 domains. Numbering was done with 5 value
scale of Likert. In order to validity, 30 experts in
management fields and sports management verified the questioner (PHD Masters and students in
management and planning) and in order to reliability, it was distributed among 45 participants.
After gathering the data, reliability coefficient was
measured by cronbach’s alpha and for stability coefficient, this questionnaire was given to the same
participants after 1 month in order to be filled out
again(test-retest). First and second data had relevant coefficient of 0/66 which was meaningful
in a=0.05 level. Other than that, with dividing the
tests in 2 parts ratio of alpha was 88% and after
Pierson modification method the gained value was
equal to 93% which shows the stability of the test.
3. Finding
Results show that among employees of this
organization 44.9% graduated in Education of
Physical fitness and sports, 10.8% in management
(sports or other) and 44.3% in irrelevant majors.
Among these participants 31.6% were managers,
68.4% experts, 62.1% men and 37.9% women.
7% aged 53 or higher, 12.6% 48-52, 14.5%, 4347, 39.4% 33-37 and 5.9% 28-32 years old. Job
background of 19.1% of all the participants was
less than 5 years, 22.6% between 6-10, 16.2% 1115, 18.3% 16-20, 8.6% 26-30 and 4.6% 31 years
and more. Education level of 9.6% participants
was Diploma, 11.7% bachelor degree, 64.6%
M.A, 12.2% and 1.9% P.H.D.
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Domain

Main indicator

Secondary indicator

Organizational
structure

Complexity
Dynamics
Openness

Number of linear and horizontal levels and geographical diversity,
complexity of tasks, absorbing and analyzing knowledge, adaptation
with environmental changes, distribution of knowledge between staff
and staff and environment

Organizational
Behavior

Non-determinism
Autonomy
Self-Reference

Unpredictable results, sudden problems, utilization of technology,
freedom of action, participating in decision making and setting goals,
authority, mutual goals

Emergence
Innovation, continuous learning and adaptation to the changes,
Organizational
Dynamic equilibrium continuation in absorbing and distribution of knowledge, doing tasks,
abilities
Self- Control
being responsible and learning without order of super ordinate

Figure 1. Domains and indicators of Self-organization
Figure 1 shows the field and factors of selforganization according to literatures of Eoyang,
Heylighen, Mendenhall et la, Wheatly, Carapiet,
Hulsmann et la. Interview with some of the managers show the patterns of Chaos and Complexity.
With attention to gained t, there is a significant
difference in level of a=0.01 between theoretical
and experimental means in “organizational structure” and because the experimental mean is more
than theoretical mean, it can be assumed that in
view of participants, type of dominant structure
in sport federations is Self-organization; and this
structure in current condition is more than average
point and expectation level.
With attention to gained t, there is a meaningful
difference in level of a=0.01 between theoretical
and experimental means in “organizational behavior” and because the experimental mean is less
than theoretical mean, it can be assumed that in
view of participants, type of dominant behavior in
sport federations is not Self-organization; and this
organizational behavior in current condition is less
than average point and expectation level.
With attention to gained t, there is a meaningful
difference in level of a=0.01 between theoretical
and experimental mean in “organizational ability”
and because the experimental mean is more than
theoretical mean, it can be assumed that in view of
participants, type of dominant organizational ability in sport federations is Self-organization; and
this ability in current condition is more than average point and expectation level.
With attention to gained t, there is not a meaningful difference in level of a=0.05 between theoreti2010

cal and experimental means in “Self-organization”
and because the experimental mean and theoretical
mean are the same, it can be assumed that in view
of participants, current condition of Self-organization is near average point and expectation level.
With attention to gained t, there is a meaningful
difference in level of a=0.01 between theoretical
and experimental means in “organizational structure” and because the experimental mean is more
than theoretical mean, it can be assumed that in
view of participants, type of dominant structure
in total departments is Self-organization; and this
structure in current condition is more than average
point and expectation level.
With attention to gained t, there is a meaningful
difference in level of a=0.01 between theoretical
and experimental means in “organizational behavior” and because the experimental mean is less
than theoretical mean, it can be assumed that in
view of participants, type of dominant behavior in
total departments is not Self-organization; and this
organizational behavior in current condition is less
than average point and expectation level.
With attention to gained t, there is a meaningful
difference in level of a=0.01 between theoretical
and experimental means in “organizational ability” and because the experimental mean is more
than theoretical mean, it can be assumed that in
view of participants, type of dominant organizational ability in total departments is Self-organization; and this ability in current condition is more
than average point and expectation level.
With attention to gained t, there is a meaningful difference in level of a=0.01 between theoreti237
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cal and experimental means in “self-organization”
and because the experimental mean is less than
theoretical mean, it can be assumed that in view of
participants, self-organization is not dominant in
total departments is not Self-organization; and this
variance in current condition is less than average
point and expectation level.
With attention to gained t, there is not a meaningful difference in level of a=0.05 between
theoretical and experimental means in “organizational structure” and because the experimental
mean and theoretical mean are the same, it can
be assumed that in view of participants, current
condition of Self-organizer organizational structure is near average point and expectation level
in this field.
With attention to gained t, there is a meaningful
difference in level of a=0.01 between theoretical
and experimental means in “organizational behavior” and because the experimental mean is less
than theoretical mean, it can be assumed that in
view of participants, type of dominant behavior in
headquarters is not Self-organization; and this organizational behavior in current condition is less
than average point and expectation level.
With attention to gained t, there is not a meaningful difference in level of a=0.05 between theoretical and experimental means in “organizational
ability” and because the experimental mean is
equal with theoretical average, it can be assumed
that in view of participants, type of dominant ability in headquarters is Self-organization; and this
organizational ability in current condition is near
average point and expectation level.
With attention to gained t, there is a meaningful difference in level of a=0.01 between theoretical and experimental mean in “self-organization”
and because the experimental mean is less than
theoretical mean, it can be assumed that in view
of participants, Self-organization is not dominant
and in current condition is less than average point
and expectation level.
With attention to this table and volume of F, it
could be assumed that there is a meaningful difference in level of a=0.05 between means of researched samples and factors like Organizational
structure, Organizational behavior, Organizational
ability and Self-organization with respect of department of occupation. Therefore, it is necessary
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to use analysis like LSD and Tamhane for the
same and different variances.
Respect to this table and its results, there is a
meaningful different in point of view about dominant organizational construction in 5% alpha in
federations’ samples and samples from headquarters and total departments.
Respect to this table and its results, there is
a meaningful different in point of view about
dominant organizational behavior in federations’
samples and samples from headquarters and total
departments.
Respect to this table and its results, there is a
meaningful different in point of view about dominant organizational ability in federations’ samples
and samples from headquarters and total departments.
Respect to this table and its results, there is a
meaningful different in point of view about domination of self-organization in federations’ samples
and samples from headquarters and total departments.
Respect to this table and its results and volume of t, there is a meaningful different in level of
a=0.05 in point of view of men and women related
to domination of factors like activity and freedom
of action. Since mean number of men was more
than women it could be assumed that men believe
in more domination of activity and freedom of action in their department.
Respect to this table and its results and volume of t, there is a meaningful different in level of
a=0.05 in point of view of managers and experts
related to domination of factors like activity and
freedom of action. Since mean number of managers was more than experts, it could be assumed
that managers believe in more domination of activity and freedom of action in their department.
4. Results
All human organizations are prone to eternal
change; therefore, they must be flexible and adaptable to the changes. Even if an organization does
not want to change, with every day change in surrounding world it has to take some action. Literatures of researches show that there are 3 groups of
factors which are needed for an organization who
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want to move in accordance with fast changing
way of improvement. (leitner, 2003; Heylighen,
2008; Carapiet & Harris 2005; Olson & Eoyang
201; Kotch Hulsmann et la, 2007). These factors
include structure, behavior and ability of the selforganizer. Mendenhal et la (2007); Eoang and
Olson (2001); Carapiet and Harris (2005); and
Hulsmann et la (2007) stated that the effectiveness
self-organization indicators is that they each have
a high level of. Meaning that a five-value Likert
scale seems a necessary condition for having the
required organization self-organization bed, being
above average but condition indicators to be effective in reaching them when the self-organization
in a high level of values that are four times higher
than the average (Figure 2).

Figure 2. Effective index and required levels in
five value Likert scale.
In this changing environment, managers must
be able to adapt their organization and speed up
with changes. Time of traditional patterns has
gone by, when a manager planed a structure and
it would work for a long time. What is needed today is continuous response to the changes. This
continuation does not mean uprooting whole the
organizational structure but it is related to any
feedback that is effective for adaptation (Alvani,
1382). Literature of researches show that self-organization is an Inherent feature of social systems,
however, it needs appropriate basis and foundation to flourish (Koch and Leitner, 2003; Stacey
2000). Research findings showed that the structure
of sports federations and total physical education
departments, with capacity are required for selforganized structure (p <0 / 01) but the mean value
(in sports federations 3/27+_0/43and total Departments 3/10_+0/37) level is not effective. But
this does not hold true for headquarters. Since the
headquarters as train locomotive for Physical Education Organization is considered in administrative processes, it is expected to have this approach
in these parts as well as 2 other departments, so
that it could adapt itself to the changes and take
necessary strategies.
2010

According to results of Ashmos & Duchon, organization with such quality could compete better than traditional ones are more changeable and
adaptable. According to this data, one of the reasons for slow movement of this department could
be lack of self-organization in headquarters. Since
it cannot adapt itself to new strategies and move
along them. It could be observed that self-organized behavior is less than expected in all three
societies.
Complexity factor in all three groups was more
than expected, therefore, according to chaos and
complexity theories, this department could be considered complex and needs a behavior between order and disorder ( a behavior consist of autonomy,
self-reference and flexibility) so that maximum
improvement could be reached. Other than that,
self-reference shows corporate goals, identification of weak and power points and feedbacks as
source of learning (Wheatly 1999). In order to
be effective, this factor must be beyond expectation in this part of the organization. Researches of
Hulsmann et la (2007) and Carapiet and Harris
(2005) show that organizational behavior in complex organizations must be beyond expectation in
it is in that manner that they would have appropriate impact. Nevertheless the organization would
move slowly and loose its customers. Although in
other 2 departments this factor has been more than
expected level, but it is just in average level in this
part of the organization. And this level could affect
other parts and lead them to a slow improvement.
Self-organization plays an important role in
active organization and facilitates reaching to the
goals. These kind of activates depend on different
factors of organizational structure, behavior and
ability. Such condition must be provided by managers. Self-organization is based upon autonomy,
less control and decentralization of the tasks and
energy. Therefore, with lack of such qualities, it
seems that this department of the mentioned organization would not be able to adapt itself with
the changes and use its resources efficiently. Other
than that, level of self-organization in sports federations was near average point which seems to
be due to less autonomy of such bodies as general
private sector. Meanwhile sports federations must
have enough freedom and more self-organization
so that they would be successful in their interna239
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tional affairs (Smith, 2000). Results also showed
that in comparison men and managers believed in
much more domination of activity and freedom
of action than women and experts. (p<0.01) this
shows that they have more freedom in their actions. Considering Chaos and Complexity theories, in order to achieve self organization quality,
this freedom must be more in lower parts and have
reverse hierarchical manner. This is the way that
guarantees success, and by taking this approach,
managers would be able to deal with sudden problems and changes better. It seems that in IPEO,
managers and experts have 2 compete different attitude and this can be root of failure in reaching to
the goals of the organization.
It seems that in order to gain the ability to
deal with changes, managers should take a new
approach because the greatest danger in times of
turbulence is not the turbulence; it is to act with
yesterday logic (Drucker, 1999) and self-organize
their organization so that they would keep the pace
with fast changing environment. For this reason,
following matters would be suggested:
–– Activation in attitudes of the managers so
that experts would have more freedom of
action in their tasks
–– Utilization of organization’s knowledge to
communicate and exchange information
and experiences.
–– Accepting criticism in order to prepare a
basis for innovations
–– Identification of critical success factors and
leverage points in the organization in order
to predict uncertain behavior with aid of
butterfly effect.
–– Make the learning organization for
improvement of abilities for dealing with
changes.
–– Using constant and inconstant management
simultaneously, in order to harmonizing
order and disorder.
–– Increasing knowledge of staff about goals,
strategies and current condition of the
organization for renovation.
Main goal of this research was to analyze the
condition of self-organization in IPEO and introducing the main indicators of this process for
helping sports managers to reach organizational
240

goals. We hope that this research enlighten the
current condition of this organization and enable
it to adapt itself with fast changes in domestic and
foreign environment.
Therefore, regarding to results of this research
it would be suggested that approach to process of
self-organization starts with workshops and seminars and new policies should be adapted to gain
the important factors of this process. Such strategies in sports organization must be supported so
that other managers change their pattern to self-organization. It would be appropriate that managers
have more communication with experts and pay
attention to their attitudes.
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Table 1. Frequency of participants.
Statistical society

Total number of
statistical society

Number of Samples
(person)

Number of Percent from Regression
returned
total
percent

Headquarters

700

80

65

17.1%

81.25%

National Sports
Federations

1500

150

105

27.6%

70%

Total Departments
of provinces

3000

300

210

55.3%

70%

Total

5200

530

380

100%

71%

Table 2. One sample T Test, related to surveying the current condition of “organizational structure”
variable in view of federation personnel.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

3.27

0.43

5.91

91

<0.001

Table 3. One sample T Test, related to surveying the current condition of “organizational behavior”
variable in view of federation personnel.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

2.08

0.24

-38.18

100

<0.001

Table 4. One sample T Test related to surveying the current condition of “organizational abilities”
variable in view of federation personnel.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

3.43

0.58

7.61

1.3

<0.001

Table 5. One sample T Test, related to surveying the current condition of “Self-organization” variable
in view of federation personnel.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

2.98

0.63

-0.48

87

0.629

Table 6. One sample T Test, related to surveying the current condition of “organizational structure”
variable in view of total departments in provinces.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

3.10

0.37

3.92

194

0.001

Table 7. One sample T Test, related to surveying the current condition of “organizational behavior”
variable in view of total departments in provinces.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

2.04

0.19

-68.77

193

0.001

Table 8. One sample T Test, related to surveying the current condition of “organizational ability”
variable in view of total departments in provinces.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

3.21

0.46

6.44

193

0.001
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Table 9. One sample T Test, related to surveying the current condition of “self-organization” variable
in view of total departments in provinces.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

2.84

0.31

-6.35

168

0.001

Table 10. One sample T Test, related to surveying the current condition of “organizational structure”
variable in view of headquarters staff.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

2.90

0.46

-1.44

53

0.155

Table 11. One sample T Test, related to surveying the current condition of “organizational behavior”
variable in view of headquarters staff.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

1.97

0.18

-41.34

57

0.001

Table 12. One sample T Test, related to surveying the current condition of “organizational ability”
variable in view of headquarters staff.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

3.10

0.45

1.74

58

0.086

Table 13. One sample T Test, related to surveying the current condition of “Self- organization” variable in view of headquarters staff.
Theoretical mean

Experimental mean

Std.

t

df.

Sig.

3

2.66

0.88

-6.76

46

0.001

Table 14. One way analysis of variance of comparison of criteria related to “Self-organization” with
attention to “work place of employment”.
Variable
Organizational structure

Organizational behavior

Organizational ability

Self-organization

2010

Work place

mean

Std.

Federations

143.90

19.29

Departments of provinces

136.65

16.54

Headquarters

128.01

20.27

Federations

52.04

6.04

Departments of provinces

51.13

4.83

Headquarters

49.39

4.71

Federations

85.84

14.52

Departments of provinces

80.42

11.73

Headquarters

77.57

11.33

Federations

280.24

33.89

Departments of provinces

267.57

29.50

Headquarters

250.84

31.58

F

Sig.

13.58

0.001

4.78

0.009

9.82

0.001

13.87

0.001

243

technics technologies education management

Table 15. LSD test related to table 14. Comparison of criteria related to “organizational structure”
with attention to “place of occupation”.
Federations
Federations
Total departments

0.002

Headquarters

0.001

Total departments

Headquarters

7.25

15.88
8.63

0.002

Table 16. LSD test related to table 14. Comparison of criteria related to “organizational behavior”
with attention to “place of occupation”.
Federations
Federations
Total departments

0.155

Headquarters

0.002

Total departments

Headquarters

0.90

2.64
1.73

0.026

Table 17. Tamhane test related to table 14. Comparison of criteria related to “organizational ability”
with attention to “place of occupation”.
Federations
Federations
Total departments

0.004

Headquarters

0.001

Total departments

Headquarters

5.41

8.26
2.85

0.262

Table 18. LSD test related to table 14. Comparison of criteria related to “self-organization” with attention to “place of occupation”.
Federations
Federations
Total departments

0.002

Headquarters

0.001

Total departments

Headquarters

12.67

29.39
16.72

0.001

Table 19. Independent sample T test, Comparison of criteria related to “self-organization” with attention to “gender”.
variable
Dynamics
Autonomy

gender

mean

Std.

Man

72.71

13.50

woman

69.15

12.59

Man

13.14

3.31

woman

12.23

3.46

t

df

Sig.

2.49

363

0.013

2.56

376

0.011

Table 20. Independent sample T Test, Comparison of criteria related to “self-organization” with attention to “level of authority and function”.
variable
Dynamics
Autonomy

244

Levels

mean

Std.

Manager

73.57

13.18

expert

7.38

13.20

Manager

13.37

3.58

expert

12.53

3.27

t

df

Sig.

2.13

363

0.034

2.16

376

0.031
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Economic indicators of
straw briquettes production
the case study from Serbia1*
Ekonomski pokazatelji proizvodnje briketa od
slame studija slučaja
Vladislav Zekic, Vesna Rodic, Nedeljko Tica, Veljko Vukoje
Faculty of Agriculture Novi Sad, Department of Agricultural Economics and Rural Sociology, Serbia

Sažetak

Abstract
Biomass from the agriculture is one of the most
significant and most accessible renewable energy
sources. Briquetting presents a unique way for
the biomass originating from agriculture to become subject of trade on market. Briquettes and
pellets made of straw can also be used in small
furnaces for households and in large mechanised
energy facilities. Economic indicators of cereals’
straw briquettes production have been analysed
through the use of automotive press driven by a
tractor. Economic cost effectiveness of the process
itself, in other words of defined production costs,
has been analysed relative to the market price of
firing wood. High expenses of briquettes’ production leave no room for making profit in circumstances currently dominating local market. Thus,
it is necessary to look for other technological and
organisational solutions for the production of briquettes from the cereals’ straw, and/or to establish
a system of state support for producing energy
from renewable sources, which presently does not
exist in Serbia.
Key words: straw, briquetting, expenses, cost
effectiveness

Energija predstavlja osnovu za svaku čovekovu
aktivnost. Istraživanja u svetu potvrđuju da je
razvoj društva nužno praćen porastom potrošnje
energije1. Savremena energetska kriza nije izraz
lošeg stanja prirodnih izvora, već prevashodno
posledica neracionalne eksploatacije postojećih
izvora energije2. Snabdevanje energijom danas,
počiva pretežno na fosilnim gorivima, dok je pre
samo 250 godina čovečanstvo bilo upućeno skoro
isključivo na obnovljive izvore energije, od kojih je najznačajnija bila biomasa. Žita se u Srbiji
gaje na preko 2 miliona ha, zauzimaju preko 40%
poljoprivrednih, odnosno preko 60% oraničnih
površina. U Vojvodini, je to čak 60% poljoprivrednih, odnosno 70%3 oraničnih površina.
1

Stern DI. Energy use and economic growth in the USA,
a multivariate approach. Energy Econ. 15; 1993, p. 137150.
2 N. Wohlgemuth, Renewable energy and energy efficiency
in liberalized European electricity markets, European
Environment, Volume 10, Issue 1 (2000), pp. 1-11
3 Bošnjak Danica, Rodić Vesna, Major characteristics of
plowed fields exploitation in Vojvodina, CD Proceedings
of 6th International Symposium: Interdisciplinary
Regional Research Hungary-Romania-Yugoslavia, Novi
Sad, 2002.

1* Research has been conducted within the project „Sustainability of a mass food production chain”, financed by RS
Ministry of Science and Technological Development, TR-20066.
2010

245

technics technologies education management

Godišnja produkcija slame samo u Vojvodini
iznosi preko 1,5 miliona tona4. U većini slučajeva,
sirovina za briketiranje se javalja kao nusproizvod
i često predstavlja problem za dalje odvijanje procesa proizvodnje u kojoj nastaje. Slama strnih žita
je prema svojim energetskim svojstvima veoma
bliska drvetu. Osnovni nedostatak slame je njena
mala zapreminska masa što onemogućuje transport na veće udaljenosti i u velikoj meri otežava
manipulaciju i skladištenje. Briketiranjem slame
žetveni ostaci se dovode u formu koje je pogodna za njihov tržišni promet i efikasan transport.
Pored toga, slama ima veoma mali sadržaj sumpora (0,01% - 0,05%), usled čega se u produktima sagorevanja briketa nalazi zanemarljivo mala
koncentracija oksida sumpora (S02 i S03)5. Ovo je
veoma značajno zbog smanjenja emisije štetnih
materija u okolinu. Pored toga, sadržaj mineralnih
primesa je u biomasi znatno manji nego u uglju,
pa je i količina pepela koja preostaje nakon sagorevanja briketa manja, što je takođe povoljno za
životnu sredinu. Ove okolnosti nije moguće jasno
ekonomski kvantifikovati, ali se u svakoj analizi
njihov značaj mora uzeti u obzir.
Osnovni cilj rada je ocijena ekonomskih pokazatelja proizvodnje briketa od slame strnih žita. Pri
tom se obračun troškova bazira na utvrđivanju ukupnih troškova proizvedenih briketa i korišćenju
tehnološkog procesa koji zahteva nizak nivo investicija i pristupačan je poljoprivrednim gazdinstvima.
Troškovi briketiranja se obračunavaju polazeći
od cene koštanja slame sakupljene u obliku malih četvrtastih bala i valjkastih bala. Obračun
troškova polazi od ranije utvrđenih troškova sakupljanja, transporta, manipulacije i skladištenja
slame. Metodološki postupak u radu se zasniva
na klasičnom sistemu obračuna „po stvarnim
troškovima“, odnosno punoj ceni koštanja proizvoda. Koristi se obračun troškova po aktivnostima
(Activity based costing – ABC), sa uključivanjem
varijabilnih troškova u obračun.
4

Zekić, V.: “Ocena ekonomske opravdanosti energetske
upotrebe biomase”, doktorska disertacija, Poljoprivredni
fakultet Novi Sad, 2006, pp. 55.
5 Zubac, M., Bubalo, P.: “Tehnologija briketiranja
– peletiranja biomase”, Zbornik radova: Biomasa,
bioenergetska reprodukcija u poljoprivredi, IP ‘’Mladost’’,
Ekološki pokret Jugoslavije, Beograd, 1995, pp. 94.
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Cijena koštanja dobijenih briketa poredi se sa
cenom energetski ekvivalente količine drveta.
Tržišna cijena drveta, na dan obračuna, iznosi
oko 39 €/m3. Sa druge strane proizvodnja energetski ekvivalentne količine od 500 kilograma
briketa prema izvedenim obračunim iznosi oko 38
€/t za oba sistema spremanja slame pa je moguće
doći do zaključka o postojanju ekonomskog potencijala. Međutim, na ovaj iznos predstavlja
samo cenu koštanja i na njega je potrebno dodati
dobit proizvođača briketa od bar 10% i PDV po
stopi od 18%. Na ovaj načim dobija se prodajna
cijena od približno 49 €/t. Ovako visoka prodajna
cena pokazuje da u uslovima koji trenutno važe na
tržištu u Srbiji proizvodnja briketa od slame nije
ekonomična. Navedene troškove moguće je smanjiti korišćenjem presa za briketiranje većeg kapaciteta i uz upotrebu električne energije za pogon.
Sa druge strane navedene tehnologije zahtevaju
povećana investiciona ulaganja. Dakle, ekonomske okvire analizirane proizvodnje moguće je
promijeniti jedino uz subvencije države koje u
Srbiji trenutno ne postoje.
Ključne reči: slama, briketiranje, troškovi, isplativost
Introduction
Nowadays, energy presents the foundation
of each human activity. Researches in over the
world confirm that the development of the society
is inevitably followed by the increase in energy
consumption (Stern, 1993, Chontanawat, 2008).
Mankind became aware of the fact that the existing structure of primary energy sources can not
provide sustainable development in a long run
(Uri, 1995, Huang, 2008). Energy crisis is basically not expression of bad condition of natural resources, but mainly is a consequence of irrational
exploitation of existing energy sources (Wohlgemuth, 2000). Energy supplying today predominantly rests on fossil fuels, while only 250 years
ago mankind was oriented almost exclusively
towards renewable energy sources, out of which
the biomass was the most significant one. Due to
its vast potential, renewability and environmental
friendliness, biomass is still exceptionally suitable
for energy production. In the instance of Serbia,
2010
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grain cereal straw is the most favourable for usage. Wheat is grown in Serbia on almost 2 million
ha, cover over 40% of agricultural, or over 60% of
plough land surface. In Vojvodina province, that
is even over 60% of agricultural and over 70% of
plough land surface (Bošnjak, Rodić, 2002). Annual production of straw is over 1.5 million tons
(Zekić, 2006). This indicates a notable potential
of by-products, i.e. crop residues. Unfortunately,
only a small portion of crop residues is used in
Serbia today, whereas almost two thirds are burnt
on the field. Cereals’ straw is, by its energy properties, very close to the wood. Main limitation of
the straw is its small volume mass. That disables
transportation to larger distances and, largely,
complicates manipulation and storage. Straw briquetting brings the harvest remains into the form
that is convenient for their market exchange and
for efficient, economically acceptable, transportation. Namely, density of balled straw is 70 kg/m3
to 100 kg/m3, while the transportation density of
briquettes is 300 kg/m3 to 500 kg/m3. Thus, density of the straw is increased by briquetting about
five times (Grover, Mishra,1996).
In order for biomass to be briquetted it has to
have certain characteristics, namely to be previously prepared. This preparation implies first of
all humidity (16% to 18%) and appropriate size.
Since liquid and gas fuels differ significantly from
briquettes by their characteristics, competitiveness of briquettes can be evaluated based on the
comparison with charcoal or wood as alternative
fuels. It is known that biomass briquettes have
certain advantages compared to charcoal, even
diesel fuel. Row material used for the production
of briquettes contains very low level of sulphur
(0,01% - 0,05%), resulting in insignificant concentration of sulphur oxide (S02 i S03) in briquette
combustion products (Zubac, Bubalo, 1995). This
is very important because of the decrease of the
emission of harmful materials into environment.
Apart from that, content of mineral alloy is significantly smaller in biomass than in charcoal, so
the quantity of ashes remaining after the briquette
combustion is lower, which is very favourable for
the environment as well. These circumstances are
impossible to be clearly economically quantified,
but their significance has to be taken in consideration in every analysis.
2010

Paper objective
Technology of briquetting is widely applicable,
since apart from straw and harvesting remains,
different kinds and categories of waste, mainly in
agricultural industry, forestry, wood and textile industry can be used as raw material for briquetting.
In the majority of cases, raw material for briquetting appears as a by-product, and it often poses a
problem for running the ongoing production process that it appears in. Accordingly, the main goal
of the work is the evaluation of economic indicators of cereals’ straw briquette production. Calculation of expenses is based on ascertaining total
cost of produced briquettes and usage of technological process available to agricultural households, requiring low level of investments.
Material and method
Briquetting expenses are calculated starting
from the cost of the straw collected in the form of
small square bales and cylindrical bales. Calculation of expenses starts from previously determined
expenses of collection, transportation, manipulation and storage of the straw, onto which briquetting expenses are added. Briquetting includes expenses of: 1) tractor usage, 2) briquetting press usage, 3) wages of permanent and seasonal workers,
4) packaging and 5) storage. The press analysed
in work has nominal briquetting capacity 400 kg
per hour and is driven through the binding shaft
of a tractor. Required power for the press drive in
terms of regular work is assessed to be 30kW to
40kW, for which MTZ-820 tractor is used. The
described press produces briquettes whose transportation mass is approximately 500 kg/m3. Produced briquettes have round shape, 10cm in diameter and length about 15 cm. By their shape they
are intended for firing in small capacity furnaces
- stoves, packed in PVC bags, weight of 30-40 kg.
Transportation packages, as a rule, consist of palettes of up to 1,000 kg.
In practice, the entire methodological procedure is based on classical accounting system “by
actual expenses”, in other words in full price of
the product. What is used is Activity based costing
(ABC), with partial inclusion of variable costs into
247
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calculation (Vukoje, 2000). Such an approach is
methodologically acceptable, since these are universal machines that are in households primarily
used for other jobs, while the straw briquetting is
an additional activity.
Results and discussion
The applied expense calculation system has advantages in terms of precision of the calculation
itself, obtaining different prices etc, providing significantly bigger possibilities for better (multivariate) analysis of costs and results. This way provides clearer defining and calculation of expenses
of certain activities within the process straw preparation, briquetting, storage and sale of briquettes.
Including just variable expenses of tractor usage
would give significantly lower price of briquettes,
in other words drawing a conclusion about the
cost effectiveness in different views. Costs of tractor and briquetting press usage are calculated in
accordance with the previously established method (Zekić, 2000). According to the data from constructors and manufacturers, the prime cost of a
press is RSD 1,414,500. Lifetime is estimated to
ten years, with annual usage 1,000 hours. In cal-

culation, maintenance expenses in the lifetime of
press utilisation have been standardized to 55%
of the value of a new product. With the capacity
of 400 kg/h and planned usage range we come up
to the planned annual production of 380 tons. In
the projection of total annual production, starting
point is 950 working hours per year. That circumstance has no direct impact on the defined overall
capacity of 1,000 hours per year, upon which the
expense calculation is based (table 1), since the
press can additionally be used for briquetting of
provender, clover and alfalfa.
Wage expenses are based on current prices of
1 working hour, whereby the plan is to hire one
full time employee and two seasonal workers. Every employee is engaged in briquetting works 950
working hours per year. Calculation of cost for
the briquetting of the straw previously prepared in
form of small quadratic and large cylindrical bales
is given in Table 2.
Due to relatively high hygroscopic properties
of briquettes, it is still necessarily to calculate expenses of package. Namely, in order to preserve
qualities of briquettes, they have to be packed
in PVC foil or other kind of watertight package.
Otherwise, it is necessary to provide special conditions for storage, meaning storage in facilities

Table 1. Expenses of the mobile straw briquetting press usage
Total amount
(€)

Structure
(% )

Amount per hour of usage
(€)

1,458.25

49.76

1.46

Interests expenses

481.22

16.42

0.48

Maintenance expenses

818.08

27.91

0.82

22.91

0.78

0.02

150.19

5.12

0.15

2,930.64

100.00

2.93

Expense category
Depreciation expenses

Hydraulic oil and lubricant expenses
Storage expenses
Total

Table 2. Straw briquetting expenses
No

Expenses per working hour
(€/work hour)

Tractor handler

1

2.28

0.40

5.69

MTZ - 820 tractor*

1

12.63

0.40

31.58

Briquetting press

1

2.93

0.40

7.33

Workers

2

1.88

0.40

4.70

Medium

Total
*(Zekić, 2008)
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19.72

Yield per working hour Expenses per ton of
(ton/ work hour)
straw (€/ton)

44.60
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Table 3. Expenses of briquetting per ton of produced briquette
Expense
description

Small quadratic bales

Cylindrical bales

Expenses (€/ton)

Structure (%)

Expenses (€/ton)

Structure (%)

Straw *

19.03

24.71

17.34

23.02

Briquetting

44.60

57.91

44.60

59.20

Packing

5.15

6.69

5.15

6.84

Storage

8.24

10.69

8.24

10.93

Total
77.03
*(Zekić, Jovanović, 2009)

100.00

75.34

100.00

without atmospheric or other humidity. Since special conditions are in this case economically not
acceptable, packing in PVC bags is used. One
standard PVC bag accepts 30-35kg of briquettes.
Since the price of a bag is 0.15 €/piece, calculated
package expenses amount to 5.15 €/t.
Storage expenses are calculated based on the
usage of 250 m2 storage space. Estimation of these
expenses is based on expenses of the building that
amount to 12.52 €/m2, and for the entire surface of
the object of 3,130 € (Zekić, 2006). If distributed
to the planned annual production of 380 tons, we
come up to expense of 8.24 €/t. Total expense of
produced briquettes per ton are given in Table 3.
In the process of briquetting, straw is compressed, whereby transportation mass of 500 kg/m3
is achieved. By this, briquettes, by their qualities,
approach wood, so the comparison is made with
the wood as alternative energy-generating product. Transportation mass ranges from 400 up to
almost 700 kilograms per cubic meter (StevanovićJanežić, Kolin, Jaić, Danon, 1995). Based on the
given sizes, one can made a ratio in which one ton
of briquettes by its calorie value replaces two cubic
meters of wood. Such a comparison is necessary
due to the fact that the market price of the wood is
given for 1 cubic meter of transportation volume.
The average market price of the wood on the day of
calculation amounts approximately 39 €/m3. If this
amount is compared to the production price of 500
kilograms of briquettes which, according to the derived calculations makes 38.51 €/t, or 37.67 €/t, one
can draw a conclusion about presence of economic
potential. However, this amount is just a cost price
onto which one has to add at least 10% for briquette
producer’s profit and VAT at the rate of 18%. This
way we get to the selling price of approximately
2010

49.99 €/t, or 48.90 €/t. It is accordingly possible to
draw a conclusion that under current circumstances
dominating local market, production of straw briquettes is not economically justified.
Conclusion
For the consumption out of agricultural complex, practically only briquetted biomass can
come into question. All other ways for the preparation of harvest remains are, due to their small
volume mass, uneconomical for transportation to
larger distances, and as such cannot be found in
the market. Current price of firing wood on the
market leaves no room for economically justifiable briquette production. Also, because of their
hygroscopic properties, and due to that more complex packaging, briquettes are more complex for
manipulation and storage, which increases the expenses of their market distribution. The main reason for such a high cost price is found in high briquetting expenses. Briquetting expenses could be
decreased through building of a facility with larger
capacity and using electric energy. However, producing briquettes in this way, requires significant
investments, which is unacceptable in Serbia at
the moment due to very bad economic position of
agriculture as a whole. Other opened question is
provision of quantity of straw required to utilize
the increased capacity of the facility, which again
puts the question of the uneconomic transportation of straw to larger distances. Improved results
could also be obtained through organizing production in rural areas with high latent unemployment.
Due to low wage expenses that would partly improve economic of production and increase ener249
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getic autonomy.
The most realistic consumer of the energy obtained from biomass is the agricultural business
itself, as well as all other small users that don’t require large quantities of fuel. Having in mind that
Serbia has an energy deficit and possesses notable
potential for renewable energy production, insistent efforts should be made for creating conditions
establishment where the usage of biomass for the
purpose of energy will become economically justifiable. Only with governmental support (first of all
subsidies) initial problems of economically unjustified use of straw briquettes would be overcome.
The achieved benefits would be not only in form
of produced energy, but also in self-sufficiency of
agriculture and cleaner environment, since at the
moment significant portion of the produced straw
has been burned on site.
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UPUTSTVO ZA AUTORE

Sve rukopise za ttem treba slati na e-mail adresu: ttem_bih@yahoo.com
Svaki upućeni časopis dobija svoj broj i autor (i) se
obavještavaju o prijemu rada i njegovom broju. Taj broj
koristit će se u svakoj korespondenciji. Rukopis treba
otipkati na standardnoj veličini papira (format A4),
ostavljajući s lijeve strane marginu od najmanje 3 cm.
Sav materijal, uključujući tabele i reference, mora biti
otipkan dvostrukim proredom, tako da na jednoj strani
nema više od 2.000 alfanumeričkih karaktera (30 linija).
Rad treba slati u triplikatu, s tim da original jedan prilog
materijala može biti i fotokopija. Način prezentacije
rada ovisi o prirodi materijala, a (uobičajeno) treba da
se sastoji od naslovne stranice, sažetka, teksta, referenci,
tabela, legendi za slike i slika. Svoj rad otipkajte u MS
Wordu i dostavite na disketi ili kompakt disku Redakcijskom odboru, čime će te olakšati redakciju vašeg rada.
Naslovna strana
Svaki rukopis mora imati naslovnu stranicu s naslovom rada ne više od 10 riječi: imena autora; naziv
ustanove ili ustanova kojima autori pripadaju; skraćeni
naslov rada s najviše 45 slovnih mjesta i praznina; fusnotu u kojoj se izražavaju zahvale i/ili finansijska potpora i pomoć u realizaciji rada, te ime i adresa prvog autora
ili osobe koja će s Redakcijskim odborom održavati i
korespondenciju.
Sažetak
Sažetak treba da sadrži sve bitne činjenice rada-svrhu
rada, korištene metode, bitne rezultate (sa specifičnim
podacima, ako je to moguće) i osnovne zaključke.
Sažeci trebaju da imaju prikaz istaknutih podataka, ideja
i zaključaka iz teksta. U sažetku se ne citiraju reference.
Ispod teksta treba dodati najviše četiri ključne riječi.
Sažetak na bosanskom jeziku
Prilog radu je i prošireni struktuirani sažetak (cilj),
metode, rezultati, rasprava, zaključak) na bosanskom
jeziku od 500 do 600 riječi, uz naslov rada, inicijale imena i prezimena auora te naziv ustanova na engleskom
jeziku. Ispod sažetka navode se ključne riječi koje su
bitne za brzu identifikaciju i klasifikaciju sadržaja rada.
Centralni dio rukopisa
Izvorni radovi sadrže ove dijelove: uvod, cilj rada,
metode rada, rezultati, rasprava i zaključci. Uvod je
kratak i jasan prikaz problema, cilj sadrži kratak opis
svrhe istraživanja. Metode se prikazuju tako da čitaoci
omoguće ponavljanje opisanog istraživanja. Poznate
metode se ne navode nego se navode izvorni literaturni
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podaci. Rezultate treba prikazati jasno i logički, a njihovu značajnost dokazati odgovarajućim statističkim
metodama. U raspravi se tumače dobiveni rezultati i
uspoređuju s postojećim spoznajama na tom području.
Zaključci moraju odgovoriti postavljenom cilju rada.
Reference
Reference treba navoditi u onom obimu koliko su
stvarno korištene. Preporučuje se navođenje novie literature. Samo publicirani radovi (ili radovi koji su
prihvaćeni za objavljivanje) mogu se smatrati refe-rencama. Neobjavljena zapažanja i lična saopćenja treba
navoditi u tekstu u zagradama. Reference se označavaju
onim redom kako s pojavljuju u tekstu. One koje se citiraju u tabelama ili uz slike također se numeriraju u skladu s redoslijedom citiranja. Ako se navodi rad sa šest ili
manje autora, sva imena autora treba citirati; ako je u
citirani članak uključeno sedam ili više autora, navode
se samo prva tri imena autora s dodatkom “et al”. Kada
je autor nepoznat, treba na početku citiranog članka
označiti “Anon”. Fusnote–komentare, objašnjenja, itd.
Ne treba koristiti u radu.
Statistička analiza
Testove koji se koriste u statističkim anaizama treba prikazivati i u tekstu i na tabelama ili slikama koje
sadrže statistička poređenja.
Tabele i slike
Tabele treba numerirati prema redoslijedu i tako ih
prikazati da se mogu razumjeti i bez čitanja teksta. Svaki
stubac mora imati svoje zaglavlje, a mjerne jedinice (SI)
moraju biti jasno označene, najbolje u fusnotama ispod
tabela, arapskim brojevima ili simbolima. Slike također,
treba numerisati po redoslijedu javljaju u tekstu. Crteže
treba priložiti na bijelom papiru ili paus papiru, a crnobijele fotografije na sjajnom papiru. Legende uz crteže i
slike treba napisati na posebnom papiru formata A4. Sve
ilustracije (slike, crteži, dijagrami) moraju biti originalne
i na poleđini sadržavati broj ilustracije, prezime prvog
autora, skraćeni naslov rada i vrh slike. Poželjno je da
u tekstu autor označi mjesto za tabelu ili sliku. Slike je
potrebno dostavljati u TIFF formatu rezolucije 300 DPI.
Korištenje kratica
Upotrebu kratica treba svesti na minimum. Konvencionalne SI jedinice mogu se koristiti i bez njihovih
definicija.
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