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Dynamic Control for
Resource Leveling in Project
Network Planning
Liu Xun, Wang Zhuo-Fu
Institute of Construction Project Management, Hohai University, Nanjing, China

Abstract
To meet the physical limits of construction
resources, to avoid day-to-day fluctuation in resource demands, and to maintain an even flow of
application for construction resources, resource
leveling is needed in the construction industry.
A new idea was put forward that is the classificatory criteria of the new evaluation indexes and
computational method of the dynamic evaluation
indexes are redefined, because the analysis of the
four resource-balance evaluation indexes shows
their shortages. The new ones can efficiently
avoid the frequent consumption curve, the peak
or trough serious resource consumption intensity,
such as supply capacity exceeding the resources
of the occurrence of engineering resources, thus
the uses of the recourses will be kept balance. To
get the deficiencies of resource leveling indicators
solved, the opportunity cost of non-predictability of the resource leveling indicators are raised,
which improve the description of resource leveling performance accuracy. An example is used to
demonstrate the application.
Key words: project network planning, resource
leveling, expected opportunity cost, dynamic control
I Introduction
Time, money, and resource constraints, coupled
with the high market competition have forced many
construction firms to focus more closely on their
operations. These operational aspects are, typically,
the responsibility of the project manager who as2010

signs available resources to the different activities
in a construction project to speed site operations
and lower the associated. In doing so, the project
manager may use different strategies for assigning
resources to different project activities with both a
process focus and a resource use focus to optimize
operations. Resource optimization is a work of
reasonable adjustment to the project network planning of some activities under specific conditions, so
that make the balance of using the resources and
reducing the use of resources in the course of the
peak demand and lower construction costs in order
to improve the utilization of resources. Generally
speaking, the project network planning should not
only consider the condition of the project construction period, but also need to consider the future
availability of resources and the utilization rate
and so on. If the arrangement of project scheduling is not appropriate in the implementing process
of the project network planning, the resources requirement maybe emerge the peaking in a period
of time while reached the lowest point in other periods. When the resources requirement emerge the
peaking, the supply of resources must be increased
rapidly and add much to the cost of the construction or even out of joint with supply. In contrast, if
the resources requirement reached the lowest point,
it will be squeezed or run idle. This imbalance of
resource requirements not only impact of the construction cost and resource utilization directly, but
also result in the delay of completion even. Therefore, study the dynamic control for resource leveling in project network planning has an important
economic significance.
Resource leveling plays an important role in
practice because large fluctuations in resource re419

technics technologies education management

quirements (such as equipment, manpower, etc.)
can be quite expensive[1]. The main objective of
resource leveling in project implementation is to
keep the balance in use of time[2], so as to avoid
bottlenecks in the supply of resources. The main
problem in the construction is how to describe the
balance of resources accurately[3], that it to say design some rational and effective indicators used to
describe the balance of resources is very important. Easa[4]proposed the absolute value minimum
between the resource requirements and average
value during construction as the object function,
and presented a linear integer programming solution. Chen Xing-an[5] presented the basic principles of law of the using the margin for the balance
of resources and established the rules of application to solve the resource leveling, and defined the
calculating formula. Sun Zheng[6], Lin Zhi-rong,
Zhu Dao[7], Zhang Hai-tao[8], Zhang Lian-ying,
Luo Gang[9] use variance or standard deviation as
the indicators of resource leveling and make many
rich ideas and methods for balanced optimization,
but they did not use the opportunity cost as the cost
of indicators to define and build dynamic control
for resource leveling in project network planning
for resource optimization and balance control.
II Traditional evaluation indexexes for
resource leveling
At present, there are common four evaluation
indexes for resource leveling: unbalance factor;
variance; absolute deviation and range.
A. Unbalance factor
Unbalance factor is used for evaluate the relationship coefficient between the maximum intensity of resource consumption and the average
intensity of resource consumption; it can better
reflect the impact of the ratio of the maximum
resource consumption. Let Rmax denote the maximum of the resource consumption intensity and R
be the average of the resource consumption intensity. Also, let V be the unbalance factor, as portrayed by equation (1).
420

V =

Rmax
R

. ............................... (1)

In the process of construction, the value of unbalance factor is smaller, the proportionality of the
resource consumption intensity is better.
B. Variance
Statistical variance is used to measure the proportionality of resource consumption in each unit
time, let T denote the total construction period

and R(t ) be the resource consumption strength in
the t time, as indicated by equation (2).

s 2=

1
T

∫ [ R ( t )− R ]
T

2

d t . ................. (2)

0

But in the practical engineering construction
the statistical objects all is discrimination, so the
equation (2) is transformed into the equation (3).

[

]

2

1 T
s = ∑ R(t ) − R ...................... (3)
T t =1
2

The value of variance is smaller, the proportionality of resource consumption strength is better in process of construction.
C. Absolute deviations
Absolute deviations is compare the daily resource requirement with the mean value of resource
strength in engineering process and use the maximum of the absolute value that a resource consumption strength minus the mean value of resource
consumption strength presents the proportionality
of engineering resource. Let ∆R be the maximal
absolute deviation, as shown in equation (4).

{

}

∆R = max R ( t ) − R ...................... (4)
The value of absolute deviation is smaller, the
proportionality of resource consumption strength
is better.

2010
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D. Range
Range can embody the fluctuation range of a
set of data. Range can be measure the difference
between the maximum and minimum values, let
∆Rmax− min denote the range, ∆Rmax and ∆Rmin be
the maximum and ∆Rmin of resource consumption
strength, respectively, as shown in equation (5)
∆Rmax − min = ∆Rmax − ∆Rmin ................. (5)
The value of range is smaller, the proportionality of resource consumption strength is better.
III The shortage of traditional resource
leveling evaluation indexexes
Compare the four resource consumption evaluation indexes, it can be known that the unbalance
factor has a clear deviation from the theory which
describes the resource consumption leveling, because it ignores the possibility that negative value
has the maximal absolute value when the daily resource consumption is lower than the mean value
of resource consumption strength; the maximum
of absolute value can make up the shortage of the
unbalance factor, but like the maximal range value, they all belong to the absolute dimension of
quantity and have more difficulty to compare with
the transversal of the different kinds’ resource leveling and cannot reflect the details of the process
of resource consumption. The variance (standard
deviation) indicator is currently being widely used
for proportional distribution of resource consumption by many scholars and become the most important indicator for describing the balanced characteristics of resource consumption, and it also
can better describe the changing characteristics of
resource consumption strength, it can be suitable
for evaluating the resource leveling and comparing the transversal of the different kinds’ resource.
With the development of research on resource
leveling optimization, it is necessary for classifying the cost of additional expenditure which results
from the unbalance of resource consumption. The
core of optimization is that finds the true relationship between the unbalance of resource consump2010

tion and the cost of additional expenditure, so as
to grasp the key of resource leveling optimization
and improve the effectiveness and efficiency. The
cost of additional expenditure can be classified
into two categories; expected opportunity cost and
unanticipated opportunity cost. It is unavoidable
that the resource consumption intensity goes up in
the prophase of resource approach and decrease in
the later stage of resource departure. For the prophases of resource approach and departure, construction enterprises should deal with the expected
cost of expenditure, such as the cost used for resource approach and resource departure, correspondingly. This type of the resource consumption
intensity goes up or decrease is called the expected
resource consumption fluctuation. The stage between the resource approach and departure, the
resource consumption intensity fluctuates, accordingly. The fluctuation is called the unanticipated
cost fluctuation of resource consumption.
From the classification of the cost of additional
expenditure, it can easily be found that the key of
resource leveling optimization should focuses on
the change of unanticipated resource consumption,
so as to reduce the cost of expenditure caused by
the change of unanticipated resource consumption
as much as possible. The nature of the resource
leveling optimization is to reduce the opportunity
of unexpected opportunity cost. This is also the
shortage of the variance.
IV Evaluate indices of dynamic control for
resource leveling
A. Analysis changed stage of anticipated
resource consumption
Before analysis the expected opportunity cost
and the unexpected opportunity cost, project manager must confirm the location intervals of the
range anticipated resource consumption and unanticipated resource consumption. Based on the
above analysis, the unexpected opportunity cost
almost happen in the prophase of resource approach and in the later stage of resource departure
while the unexpected opportunity cost almost happen in the middle range of the two stages. There
are two judgment criterions on the location inter421
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val in the curve of resource consumption between
the prophase of resource approach and later stage
of resource departure. The first one is resource
approach stage is the range of the resource consumption strength that from the beginning of the
project to the first peak of the resource consumption curve; and the later stage of resource departure is from the last peak of resource consumption
strength phase curve to the resource-departure.
And the other one is the mean curve of resource
consumption to define the stage of resource approach and departure.

As shown in Figure 2 Rmax − f and Rmax −l are given according to equations (10) and (11).
R(t )max − f = R(C ) ≥ R ..................... (10)

1) Use the peak of resource consumption
curve to define

R(t )max −l = R(D ) ≥ R ......................(11)

The first peak of resource consumption curve
is R(t )max − f = R(a ) , the last peak of resource
consumption curve is Rmax −l = R(b ) , a can be expressed by equation (6), and b can be expressed by
equation (7).

a = min{t R(t − 1) ≤ R(t ) > R(t + 1), t = 0,1,2, Λ, T }
......................................... (6)
b = min{t R(t − 1) < R(t ) ≥ R(t + 1), t = 0,1,2, Λ, T }
......................................... (7)
If the mean curve of resource consumption
strength R max − f = R can be used as the reference
line, the first and the last peak of resource consumption strength may be higher or lower the
mean value of resource consumption. As shown
in Figure 1 Rmax − f and Rmax −l are given according
to equations (8) and (9).
R(t )max − f = R(B ) ≥ R ....................... (8)
R(t )max −l = R(C ) ≥ R ....................... (9)

According to the first criterion, the prophase
of resource approach ⊗ s and the later stage of resource departure ⊗ f are shown in equations (12)
and (13), respectively.
⊗ s ∈ [0, a ]
a = min{t R (t − 1) ≤ R(t ) > R(t + 1), t = 0,1,2, Λ, T }
....................................... (12)
⊗ f ∈ [b, T ]
b = max{t R (t − 1) < R(t ) ≥ R(t + 1), t = 0,1,2, Λ, T }
....................................... (13)
2) Define by the mean value curve of
resource consumption
Based on the above analysis, the first peak or
the last peak of the resource consumption may

422
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be higher or lower the mean value line. Figure 2
implicitly assumes that when the peak of resource
consumption lower the mean value line, the prophase of resource approach and the later stage
of resource departure have the same calculation
formulation, according to the first criterion. But
if the peak of resource consumption higher than
the mean value line, the curve of resource consumption and the mean value line are crossing, as
shown in Figure 3.

3) Analysis the stage of resource leveling
Except the change of the resource consumption from the prophase of resource approach and
the later stage of resource departure, the range AB
in the Figure 4 compared with the range CD in
the Figure 1, the range BC in the Figure 2 and the
range AF in the Figure 3 is optimal, they all belong to the stage of the unanticipated resource unbalance. In the Figure 4 the curve of resource consumption accords with the demands for resource
leveling.

According to the second criterion, the prophase
of resource approach ⊗ s and the later stage of resource departure ⊗ f are shown in equations (14)
and (15), respectively.
1) the prophase of resource approach
⊗ s : ⊗ s ∈ [0, a ]
min{t R(t − 1) ≤ R(t ) > R(t + 1)} when
a=
when
min t R(t − 1) ≤ R > R(t )

{

}

R(t )max − f ≤ R
R(t )max − f > R

t = 0,1,2, Λ, T ............ (14)

2) the later stage of resource departure
⊗ f : ⊗ f ∈ [b, T ]
min{t R(t − 1) < R(t ) ≥ R(t + 1)} when
b=
when
min t R (t − 1) > R ≥ R(t )

{

R(t )max −l < R
R(t )max −l ≥ R
2010

}

B. Resource consumption dynamic
controlled index alculation
After the location of the prophase of resource
approach ⊗ s and the later stage of resource departure ⊗ f , the modified indicator of resource consumption leveling as portrayed by equation (16).

ξ2 =

[

]

2

1 b
∑ R(t ) − R .................. (16)
b − a t =a

Obviously, the range of the prophase of resource
approach and the later stage of resource departure
can be defined according to the change characteristic of the resource consumption strength curve in
accordance with the first criterion; And the range
of the prophase of resource approach and the later
stage of resource departure can be defined by the
two signal indicators those are the mean valuable curve and the resource consumption strength
curves in accordance with the second criterion.

t = 0,1,2, Λ, T .................. (15)
423
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V Calculate example
The case use P3 software resource consumption
curve to calculate the modified resource consumption leveling valuable indicators. Figure 5 shows
the resource consumption curve of the planning
schedule network, the number is the real-time data
of resource consumption.

the progress of the network is, the smaller the difference between the two kinds of calculation of
the standard conclusions is.
VI Conclusion
The essential object of resource consumption
leveling dynamic control is to reduce unanticipated change cost, design the location of defined
standard between anticipated resource consumption and unanticipated resource consumption,
then modify the traditional indicators of resources
consumption, so that the balance of dynamic optimization of resources will be more scientific and
reasonable for controlling the resource of project
and increase economic efficiency.

Follow the formula we can calculate the modified resource consumption leveling indicator. The
mean value of resource consumption is obtained
by solving equation (17)
R=

1 T
∑ R(t ) = 2 8 . 4 ..................... (17)
T t =0

To the first criterion the values can be obtained
by solving equations (6), (7) and (16).
a =1 4 , b = 116 , ξ = 2 0 7 . 31
2

1

And to the second criterion the values can be
obtained by solving equations (14), (15) and (16).
a =1 4 , b = 122 , ξ =19 9 . 4 9
2
2

Compared with the calculation it can be found
that there are some difference, whichξ 2 is smaller
2

thanξ 2 , because ξ 2 only consider the range sin1
1
gles of resource consumption following the criterion one, we general use ξ 2 that consider the two
2
signal indicators of the mean valuable curve of
resource consumption strength and the resource
consumption strength curves as the standardize
value to define the modified resource consumption leveling index that more apply to realization.
Generally speaking, the more complex and longer
424
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Fatigue behavior of fiber
reinforced self-compacting
concrete under flexural load
Jun Cai1, Hongdao Jiang1, Yeran Zhu2, Dong Wang2
1
2

Department of Engineering Mechanics, Hohai University, China
Nanjing Hydraulic Research Institute, China

Abstract
This paper presents the results of a study on
fatigue behavior of fiber reinforced self-compacting concrete (FRSCC) under flexural load. An
experimental program was carried out to investigate the fatigue lives of FRSCC at various stress
levels. Four point flexural fatigue tests on FRSCC
beam specimens (100 × 100 × 400 mm) were conducted. FRSCC beam specimens were also tested
under static flexural loading to obtain the flexural
strength of FRSCC. The hooked end steel fiber
is used in the investigation and the dosage of the
fiber is 25 kg/m3. The test results indicate that the
flexural fatigue lives of FRSCC follow the doubleparameter Weibull distribution.
The regression parameters of the fatigue
equation corresponding to different survival
probabilities are obtained. The flexural fatigue
strength of FRSCC for the desired level of survival
probability can be evaluated by using the fatigue
equation.
Key words: fatigue, fiber reinforced self-compacting concrete, steel fiber
1. Introduction
Self-compacting concrete (SCC) is a concrete
that can be placed and compacted under its own
weight without any vibration effort. SCC offers
several economical and technical benefits and
has been widely used in many countries since it
was developed in Japan in the late 1980s [1]. The
addition of fibers into SCC can significantly im426

prove the mechanical properties of SCC and extend the possible fields of application of SCC [2].
Nowadays, fiber reinforced self-compacting concrete (FRSCC) is viewed as promising materials
because of its great significance [3].
Many structures are subjected to flexural
fatigue loading, such as highway pavements,
bridge decks and airport pavements. The flexural
fatigue performance of FRSCC is important design parameter when designing these structures.
With the increasing use of FRSCC in these structures, it is necessary to quantify the flexural fatigue
performance of FRSCC.
In this paper, the flexural fatigue behavior of
FRSCC is experimentally studied. The test results
indicate that the flexural fatigue lives of FRSCC
follow the double-parameter Weibull distribution.
The regression parameters of the fatigue equation
corresponding to different survival probabilities
are obtained through the regression analysis.
2. Experimental program
2.1. Materials and mixture proportions
Ordinary Portland cement is used in this study.
The coarse aggregate is crushed stone with diameter of 5-20 mm. The fine aggregate is natural sand
with a maximum size of 5 mm. A polycarboxylic
ether superplasticizer is used in concrete mixture
to obtain the required workability. Fly ash is used
as mineral addition. The details of the mixture
proportions are shown in Table 1. The fiber used
in the investigation is hooked end steel fiber. The
2010
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properties of steel fiber are shown in Table 2. The
dosage of the steel fiber is 25 kg/m3. The FRSCC
beam specimens (100 × 100 × 400 mm) were cast
and cured for 60 days.
Table 1. Mixture proportions of concrete matrix
Materials

(kg/m3)

Portland cement
Water
Coarse aggregate
Fine aggregate
Fly ash
Superplasticizer

425
184
860
680
146
37

Flexural fatigue test
S=0.90 S=0,85 S=0,80 S=0,75
4

4

4

4

Statical
flexural
test
3

3. Weibull distribution
The fatigue data of concrete usually exhibit
larger discreteness because of material heterogeneity. Weibull distribution has been widely
adopted to process the data of fatigue test. The
Weibull probability density function f N ( n ) and

Table 2. Properties of steel fiber
Property

Target

Length (mm)
Diameter (mm)
Aspect ratio (L/D)
Density (kg/m3)
Tensile strength (MPa)
Elastic modulus (GPa)

25
0.5
50
7.8
1000
220

2.2. Test methods
Slump flow test is used to evaluate the workability of fresh concrete mixture. The four-point
flexural tests were conducted on beam specimens
(100 × 100 × 400 mm) with a closed-loop universal
testing machine. The support span is 300 mm and
the loading span is 100 mm. The statical flexural
tests were carried out to determine the flexural
strength of FRSCC prior to the fatigue tests. The
stress level S is defined as: S = Pmax Pu , where
Pmax and Pu are the maximum load and the static ultimate load, respectively. The stress levels selected
in the fatigue test are 0.90, 0.85, 0.80 and 0.75. The
load cycle characteristic value R ( R = Pmin Pmax ,
Pmin is the minimum load) applied in the fatigue test
is 0.1. The flexural fatigue test is carried out in load
control with a sinusoidal waveform at a frequency
of 5Hz (when stress level S is equal to 0.90 and
0.85) or 10 Hz (when stress level S is equal to 0.80
and 0.75). The number of beam specimens used in
statical flexural test and flexural fatigue test is given
in Table 3.
2010

Table 3. The number of beam specimens used in test

cumulative distribution function FN ( n ) can be
expressed by
a −1

  n − n a 
0
exp  − 
 
  u − n0  
......................................... (1)

 n − n0 
fN (n) =


u − n0  u − n0 

a

  n − n a 
0
FN ( n ) = 1 − exp  − 
  . ............. (2)
u
n
−
 
0  

Where, a is the shape parameter or the Weibull
slope at stress level S ; u is the scale parameter or
the characteristic fatigue life at stress level S ; n0
is the position parameter or the minimum fatigue
life at stress level S .
The value of n0 may be considered as zero
because of the discreteness of fatigue data and
safer reliability. This will yield double-parameter Weibull distribution. From Eq. (2), the
survivorship function LN ( n ) can be given
  n a 
LN ( n ) = 1 − FN ( n ) = exp  −    ........... (3)
  u  
Taking twice natural logarithm for both sides
of Eq. (3) gives
  1
ln ln 
  LN


  = a ln n − a ln u . .............. (4)

427
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Setting Y = ln ln (1/ LN )  , X = ln n ,

b = a ln u , then

		

Y = a X − b ............................ (5)
It can be seen from Eq. (5) that, if a linear trend
is observed between Y and X , the fatigue data
follow the Weibull distribution.

follow the double-parameter Weibull distribution.
Consequently, the double-parameter Weibull distribution is a reasonable assumption for the fatigue
data of FRSCC.
Table 4. The results of Weibull regression analysis
S

b

a

R2

0.90
0.85
0.80
0.75

6.32
8.34
10.44
29.27

0.992
0.957
0.959
2.44

0.947
0.956
0.966
0.953

4. Results and discussion
4.1. Fresh concrete
The workability of fresh concrete mixture is
evaluated by the slump flow test. The slump flow
value of fresh concrete mixture was 710 mm,
which achieved the minimum required value of
slump flow [4].
4.2. Weibull distribution verification

(a) S = 0.90

According to the probability theory of Weibull
distribution, the empirical survivorship function
LN can be expressed by
LN = 1 −

i
........................... (6)
k +1

where, k is the total number of the fatigue data
at certain stress level, i is the sequence number of
failure specimens at certain stress level.
The linear regression is carried out for the fatigue data according to Eq. (5). Table 4 shows the
results of Weibull regression analysis when the
stress level S is equal to
0.90, 0.85, 0.80 and 0.75. The corresponding
determination coefficients R 2 are 0.947, 0.956,
0.966 and 0.953. Graphs are plotted between

(b) S = 0.85

ln ln (1/ LN )  and ln n in Figure 1. From Figure
1, a linear trend is observed for the fatigue data,
which indicates that the relationship between
ln ln (1/ LN )  and ln n is linear for various
stress levels. This indicates that the fatigue data
428
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evaluate the flexural fatigue strength of FRSCC
for the desired level of survival probability [5].
Table 5. Regression parameters a and b of the
fatigue equation
a
LN
b
R2
0.95
0.90
0.80
0.70
0.60
0.50

0.977
1.002
1.035
1.054
1.072
1.086

0.024
0.026
0.027
0.028
0.029
0.031

0.995
0.998
0.996
0.988
0.979
0.969

(c) S = 0.80
5. Conclusion
The fatigue lives of FRSCC follow the doubleparameter Weibull distribution. The regression
parameters of the Weibull distribution for the fatigue lives of FRSCC are obtained. The regression
parameters of the fatigue equation corresponding
to different survival probabilities are obtained
through the regression analysis. The flexural
fatigue strength of FRSCC for the desired level of
survival probability can be predicted by using the
fatigue equation.
(d) S = 0.75
Figure 1. Weibull regression analysis of fatigue
data of FRSCC
4.3. Regression parameters of the fatigue
equation of FRSCC
The double-logarithm fatigue equation is used
to investigate the fatigue behavior of FRSCC in
this study. The double-logarithm fatigue equation
is defined as:
lg S = lg a − b lg N ....................... (7)
Where, S is the stress level, N is the fatigue
life.
The parameters a and b of the Eq. (7) can be
obtained through the regression analysis. Table
5 shows the regression parameters a and b of
the fatigue equation corresponding to different
survival probabilities. The Eq. (7) can be used to
2010
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Abstract
Reliability centered maintenance (RCM) has a
key role in the quality system of thermal power
plants. Electricity production is definitely not only
production of a product, but also becomes a customer service. Reliability is the top quality tier of
this service. Incorporation in the Integrated energy
system means fast transformations of organization
on all levels. The reliability of modern generation
components basically influences the efficiency
and capacity of a power plant as a whole. This paper presents the results of RCM practice of one
620 MW thermal power plant. RCM implementation on current problems during exploitation emphasized problems with the boiler tubing system.
The methodological approach included outages
analyses, marking of the most significant ones,
determination of main causes of damage (determination of the material exhaustion state based on
expert analyses), application of adequate remaining life assessment methodology and finally the
recommendations. Based on these analyses, certain technical solutions were performed and as a
result, the mean time between failures of the plant
increased, as well as its reliability. According to
cost efficiency, RCM methodology presented the
most effective cost-benefit method for reliability
upgrade.
2010

1. Introduction
The specific aspects and the complexity of electricity production power require a well thought out
approach to enhancing the quality of the production process itself. In view of the deregulation
and introduction of the energy market, the crux
of quality enhancement shifts to the field of services. It is there where the fundamental parameter resides, the one which must be observed over
time, which expresses the quality of the thermal
power plant as a whole, the number of customer
complaints. This is followed by pricing, availability, reliability, rationality, employment, and
so forth. This was further promoted by demands
proposed by envirnomentalists, insurance companies, responisibility issues, etc, all of which are
playing ever more important roles. Such requirements have promoted preventive engineering and
maintenance systems into the forefront, which because of their inherent complexity require teams
of experts capable of timely reaction in crisis situations, and reliability, a category which ultimately
encompasses all influences upon any plant and
its realistic operation results /1/. Satisfying the
market requirements, the needs of the consumers, becomes the task with the highest priority,
which requires investments into making the production more reliable, while attaining greater reliability with economically optimized maintenance
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technics technologies education management

become the challenges because they must at the
same time also mean competitive price of the generated power.
Maintenance of complex systems could be
viewed as a very complex sequence of activities
which can and must lead to the desired objective
– for any plant to be in full function, performing as it should, within required limits. Although
the importance of maintenance is well known, it
is perhaps not understood well enough just how
large are the possibilities of well designed and
performed maintenance as per a clearly defined,
made in advance concept with a defined objective.
Proper selection of the maintenance concept is of
particular importance for plants nearing the end of
their nominal service life not only regarding quality of operation, but also in view of safety. The
RCM (Reliability Centered Maintenance) concept
has a significantly more general meaning in relation to common practice and encompasses the
processes of maintenance, job execution, technical state of the equipment and analysis of plant
indicators. The outcome of the RCM principle
implementation includes:
–– reduced plant breakdowns
–– precise identification and stocking of spare
parts
–– more efficient planning of PM (Preventive
Maintenance) measures
–– reduction of corrective maintenance costs.
This paper will deal with a maintenance system centerd to reliability and implemented on one
of the 620 MW units of the thermal power plant,
which has clocked about 160,000 operating hours,
and on the effects which soon became appearent.
2. Data gathering and system selection
The relevant and necessary data regarding the
RCM system of observed thermal power plant,
was obtained by examining and systematizing of
all relevant documents, notes and reports from its
exploitation history and the archives of operating
orders issued for corrective maintenance. The next
step was to systematize all gathered data, with special attention being paid to block outage analisys,
arranged as per the following criteria:
432

–– location where the failure occurred, with as
close identification of system-subsystemcomponent as possible;
–– frequency of failure/outage occurrence;
–– outage duration time interval;
–– costs caused by individual outage.
From the aspect of planning preventive measure to upkeep full functionality, it has been shown
that it is best to perform an RCM analysis for the
entire system. In most plants, systems are usually
well defined. After concluding that the system is
practically speaking the best level of compound
systems to which an RCM analysis is applicable
to, a question follows: “Which systems need to be
focused on, and in which sequence of priority”?
One of the possible approaches could be to review
all plant systems. Nevertheless, it has been found
that this approach is inefficient (least effective in
terms of its costs), since there are systems with an
insignificant number of failures, or those whose
maintenance costs are so small that they do not
merit being included in any cost savings scheme.
With this in minds, criteria were formed to select
an RCM approach yielding best overall results,
such as /1/:
1. Systems with a large share in overall
preventive maintenance (PM) costs, and/or
overall PM costs;
2. Systems with large numbers of activities
in corrective maintenance (CM) in past
periods;
3. A combination of 1. and 2. above;
4. Systems with high corrective maintenance
(CM) costs (the number of activities of
corrective maintenance do not always
correspond to cost effects);
5. Systems with a large share in overall
number of complete or partial failures as per
exploitation history data;
6. Systems with pronounced safety and
environmental aspects.
Using the above criteria, from the entire unit of
thermal power plant, the boiler tubing system with
hot reheated steam pipeline system was selected
for RCM approach implementation.
Why this system? The basic postulate of the
RCM methodology is to “preserve system func2010
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tioning”, while available data showed that parts of
this system caused:
–– the largest number of outages (boiler tubing
system with a 22% share in total number of
failures and a 31% share in forced outages);
–– the largest maintenance/repair costs (hot
reheated steam pipeline) in order to provide
for system functioning and to satisfy the
safety criteria.
3. Boiler tubing system description
The boiler is the once through tower type,
single-draught with membrane tube walls. Primary steam heating is performed in four stages.
Regulating primary steam temperature uses three
injections: injection 1 between superheaters 1 and
2, injection 2 between superheaters 2 and 3, and
injection 3 between superheaters 3 and 4. Reheated steam is produced in three reheaters with
biflux between first and second stages. Regulating
reheated steam temperature uses two injections:
injection 1 between biflux and reheater 2, and injection 2 between reheater 2 and 3. The thermal
power plant has an average availability of 82,93%.
Overhaul and reserves account for 62% and 10%
respectively of the total duration of all outages,
while on the equipment side, the boiler tube system accounts for 9% of all outages. This type of
data is most relevant for any economic analysis of
improving the plant operation.
4. Determination of critical components
Figures 1 and 2 illustrate the Pareto analysis of
the number and duration of the unit, respectively.
As a cause of unit function losses, the boiler takes
the first place both by number and duration.

Fig. 1 Share by number of outages of individual
systems of unit
However, it is important to note that the first
three indicators (boiler, testing, coal) related to the
analysis of duration are mutually related and in
correlation, according to Figure 2.

Fig. 2 Share by duration of outages of individual
systems in unit
In view of the fact that the quality of the coal /2,
3/ used is unsatisfactory, this is primarily related to
the following indicators:
–– coal ® mills, burner system, air mixture
ducts, ….
–– testing ® constantly required control and
testing to determine whether the system is
functioning within its operating limits,
–– boiler ® due to erosion, there is too
much damage on the boiler tubing system,
especially in the economizer tubes.
Figure 3 shows the bath tube curve for the
boiler tubing system, where the boiler system has

2010
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been set apart by the Paretto analysis as critical for
the entire installation operation for the whole unit
functioning. By analyzing Figure 3, one can note
infant mortality stage as well as the steade state
stage. If we analyzing the diagram up to the 14-15
interoverhaul period it can be concluded that the
unit began to entered to final, aging stage. However, by RCM approach applying the main cause
of failure rate increasing is eliminated, which
means that the failure rate narrow again to the
level which corresponded to the second stage of
exploitation /4/.
According to the analysis, function losses of the
system were mostly caused by economizer tubes
cracking, despite the fact that their share in the
overall number of outages has been greatly reduced
since the very beginning. As previously mentioned,
the cause for these outages was very intensive tubes
erosion caused by poor coal quality, but also due to
economizer construction, with far too small steps
between tubes in view of the used coal type and
quality. The next Pareto analysis was made for the
boiler boiler system, Figure 4.

Fig. 3 Bath tube curve for boiler tubing system
of unit /4/
Solving the problems related to economizer
tubes, meaning control and reducing O&M costs
and increasing installation operating time, was
one of the first successes of the RCM - “shields”
were installed to protect the tube bends from abrasion /5/.
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Fig. 4 Share by number of outages of individual
heating surfaces of the boiler
Of the remaining heating surfaces in the boiler,
by number and duration of outages, reheater 2
takes the significant second place. However, the
reasons for pipes cracking in reheater 2 are different to those related to the economizer, and are
caused by corrosion of tubes from the waterside.
After the first more frequent cracks, an expert
analysis of the cracking causes was performed /57/, which clearly showed that the cracking zone
was localized to the part of the reheater made from
material PN 15HM (class 15Mo3-DIN). As immediate causes of failure from the comprehensive
case study analysis, the following were listed:
–– inappropriate chemical composition of the
tube materials;
–– inappropriate mechanical characteristics of
the tube materials;
–– inappropriate microstructure of the tube
materials, with numerous manufacturing
faults and shortfalls (banded structure,
numerous MnS inclusions, uneven
distribution of grains by size and shape,
decarburisation, segregation, uneven perlite
distribution in tube wall thickness),
All of which by mutual activity influence a pronounced decrease of this material’s resistance to
corrosion.
From the aspect of the classic approach to
maintenance, the only way to prevent outages is to
change parts of the reheater 2, made of this class of
steel. However, the objectively hostile circumstances
under which the power generation industry operated over the last decade forced finding of alternative
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modes to overcome problems which in their core directly implemented the RCM philosophy - use extremely short overhoul periods to enable the desired
system functioning with as little cost as possible.
How was the problem solved? By using the
NDT device to detect the presence, magnitude and
degree by corrosion caused damages on the waterside of tubes.
What did this device make possible? To make
the number of outages caused by tube cracking
of the reheater 2 truly minimal, to have the time
set aside for planning of purchases and preparing
the tubes for exchanges, and to reduce the costs of
corrective maintenance.
How? During each overhaul, tubes were examined by this device to determine the corrosion
attack level related to metal of reheater 2 tubes,
thus indicating which tubes should be changed at
once, and which according to their degree of corrosion can and should be exchanged in the next
service round.
Why? This device allows for a very short time
interval, requiring no special preparations or prolonging of overhaul, to examine an extremely
large number of tubes and to obtain excellent insight into the corrosion state of metals along the
entire heating path.
By using the above method, the number of system outages cause end by sudden tubes cracking
in the reheater 2 has, over the last period, been reduced to zero /8/.
The next problem is related to the hot reheat
steam pipeline, which in the overall outages of
unit participates with only 1%, and that only till
1991. This pipeline system was constructed using 0.5Cr0.5Mo0.25V, and has four main branches with auxiliary lines (dimensions: Æ558x32,
Æ813x45, Æ457x30, Æ1016x56, Æ660x38). At
the time the thermal power plant was being build
up, world manufacturers of associated equipment
were aware that this material did not have such
characteristics which would completely qualify
it as suitable for making high temperature loaded
components due to its unsatisfactory creep characteristics and poor welding properties when welding higher thickness and diameters of pipes.
Based on the engineering maintenance report
of 1991, an entire group of problems was noted
which were related to hot reheated steam pipe2010

lines, the solution to which required extensive
works and unplanned expenditures for repairs,
as well as prolonged overhaul works. Problems
appeared at the first mostly with factory welded
joints (first cracks appeared after only two years
of operation), and were related to:
–– appearance of cracks on factory, but also on
mounting welded joints;
–– appearance of cracks after welding or
repairing of joints;
–– undefined prestraining during welding;
–– undefined technologies of welding, repair
and thermal treatment;
–– imprecise defining of repair and thermal
treatment criteria;
–– undefined criteria of operation monitoring,
regarding the intervals of examining and
anticipating certain repair works.
By 1991, some welded joints had been repaired
using classic methods two times already, which
is the maximum allowable number of repairs on
any one and the same welded joint. What was to
be done? One had to find an alternative solution
which would surely deviate from standard recommendations of equipment manufacturers, but
would not only be usable, but would also have to
provide for a selection of PM measures to enable
reliable and anticipated system functioning.
In the aim of problem solving the austenite
electrodes for repairing of welded joints was used.
The process itself is significantly simplified in
comparison with classic methods - no preheating
or annealing are required, there is no heat affected
zone on the base material side to speak of, the fusion zone is narrow and has good strength characteristic, while the procedure itself can be used on
the same place more than twice. Beside the shorter
time interval required for repairs, the procedure itself is significantly cheaper than the alternatives,
as shown by the following simplified analysis:
–– in case of the pipeline leaking at the welded
joint, e.g. for medium caliber size pipe, the
classic method requires 5 days of overhaul
time. If one accepts the minimum purchase
price of power of $ 0.03/kWh which must
replace the halted local production, one
quickly arrives at the sum of $ 1,95 million
for five days for a 620 MW plant;
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–– for the same joint, when using austenite
electrodes for repairing welds one needs no
more than 2 days, or $ 0,78 million.
If this analysis is now enlarged to a overhaul period of 45 days, which assumes examining 50% of all
welded joints (and there is a total of 284 such joints),
then the examining itself lasts about 25 days, with the
provision that after 12 days one can initiate preparations of some welded joints. If one has planned for
parallel repair of two welded joints, then this means
that in 33 days one has available, using classic methods one can repair 13 joints. However, if the found
number of welded joints needing repair is greater
than 13, the overhaul time interval will have to be
prolonged. Every two additional welded joints needing repair work cause additional 5 days of overhaul
time to be required, and therefore additional expenditures of $ 1.95 million. When one uses austenite electrodes, the planned repair time can support repairs of
significant number of welded joints.
Also, as already noted with plants operating in
their base regime, use of austenite electrodes will
cause savings which can be taken as direct savings, since the lacking amount of electrical power
can be replaced by simple purchasing alone.
The most important aspect of RCM approach
in this case is preventive preserving of system
functioning. Because we know that welded joint
of hot reheated pipeline present the potential weak
point of the unit, by applying of planned NDT
testing and timely weld repairing pipeline outages
are completely avoided.
6. Conclusion
In the base of RCM approach always lies the
cost-effective preventive measure which provide
reliable system functioning. In the case of presented critical boiler system, the resolved factor for
RCM methodology applying was large number
of outages (boiler tubing system), potential large
number of outages (hot reheated steam pipeline
welded joints), generaly large cost of repairing/
maintenance and finaly safety factor. Specific solution of preventive maintenance applyed on power plant present cumulative and sucsessive effect
of RCM and experts approaches.
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Abstract
The paper presents experimental contribution
to defining the legality of strength gray sandstone
with the route of the tunnel “Krivelj’s river”, examined in the complex state of stress. Experience
has shown, and experiments confirm, that all materials and rocks have a limited ability of accumulation mechanical energy, or to oppose unlimited
deformations. In isothermal loading process, the
two extreme states of all material behavior can be
observed. The first is extension, which is based on
a material attribute that becomes more plastic. The
second is rigidity; changing the materials structure
at certain border loads. Testing the legality of gray
sandstone strength, from the route of the “Krivelj’s
river” tunnel, was made on twelve samples with
dimensions d x h = 5.4 x 8.1 [cm]. Seven samples
were examined in the complex stress condition in
s2=s3=2,0 ; 5,0 ; 10,0 ; 20,0 ; 30,0 ; 40,0 ; 55,0
[MPa] and five samples of the s2=s3=0
Key words: rock strength, complex state
Introduction
Modern development of techniques and technologies in the mining industry requires a quali-

tative increase in knowledge about the structure,
properties and the condition of the rocks and rock
massive. From above comes the importance of defining the legality of the destruction of rocks in the
underground construction and under ground exploitation of mineral raw materials. The problem
of determining the legality of strength of rocks has
been and remains the subject of study of many researchers.
Position in the wider sense has been accepted
that the strength properties of materials are in the
process of deformation with a development gap.
Hence there is a fundamental question: what is the
deformation of material without the crack, which
in fact is one of the types of flow.
Load, in which the cracks appear in the rock
with the sound effects and is related to the change
of external form, is called the border.
Strength criteria, derived from any strength
theory, are a record of boundary conditions in the
form of stress - deformation state of material and
its mechanical properties. Scientific basis of the
strength theory, distinguishing on logically designed and evidence character, was set by Galileo
Galilee in the XV century.
In the basis of strength theory, it can be catch
sight of three basic directions of development:

This paper is produced from the project no. 17004 which is funded means the Ministry of Science and
Technological Development of the Republic of Serbia.
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–– Experimentally – phenomenological.
It is based on the experiment, studying real
materials under the influence external load
to collapse.
–– Computing – analytical.
It is based on the general mathematical
model which study strength criterion
of continuous environment taking into
consideration the viscous -- elastic, plastic
and rheology phenomenon without entering
the physics of process.
–– Structural - physical.
Study legislative structural changes in the
loaded material.
1. Criteria of rock material strength
Experience has shown, and experiments confirm, that all materials and rocks have a limited
ability of accumulation mechanical energy, or to
oppose unlimited deformations.
In isothermal loading process, the two extreme
states of all material behavior can be observed.
The first is extension, which is based on a material
attribute that becomes more plastic. The second is
rigidity; changing the materials structure at certain
border loads.
Rocks complex, that build rock massive, classified in the group of rigid material and the basic
characteristic is that the mono axial compressive
strength is higher than stretching resistance.
Strength of rocks in the mono axial stress can
be set without difficulty through the appropriate
testing of representative samples in the laboratory.
The problem of strength of rocks in triaxial
stress condition is considerably more complex and
difficult. The marking is not a single, and in some
cases even its implementation is not possible.
On the basis of the stated objections, which are
only a small part of consideration of rock strength,
criteria term strength or hypothesis will be set,
which allows simplification of results of laboratory research, and theoretical considerations in the
direction of reducing the complex stress state to
balance mono axial state (on the edge of breaking). Through the strength criteria can be understood the break of continuum because of the
cracks appearing and the occurrence of large irre438

versible deformations that lead to loss of stability
or functionality of mining tunnels or underground
facilities. Such phenomena are often good in rock
massif, and its prediction is task for mining geomechanic. Similarly as in the branches that deal
with strength and stability of the building construction and in geomechanic is determined by
some function of stress tensor or deformation of
rock massive in complex state.
1.1. Saint - Venant’s criterion of strength
It is based on assumption that the rock fractures
cause the largest of the three main deformations.
1
[s1 − n (s 2 + s 3 )]
E
1
e 2 = [s 2 − n (s 3 + s1 )] ............... (1.1)
E
1
e 3 = [s 3 − n (s1 + s 2 )]
E
e1 =

The highest deformation (the assumption is that
it is e1) should be equal to the maximum deformation at breakage in mono axial stress condition.
1
e1 = − ⋅ n R c ........................ (1.2)
E
s1 − n (s 2 + s 3 ) = −n R c ................ (1.3)
Rc, mono axial resistance of the pressure
n, Poisson's ratio
1.2. Theory of maximum shearing stress
This theory starts from the assumption that the
maximum shearing stress or plastic flow leads to
a loss of rocks form. This hypothesis is essentially
in the theory of plasticity.
In the complex condition:
t max =

1
(s1 − s 3 ) ..................... (1.4)
2

The mono axial condition:
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1.4. Legality of gray sandstone strength,
from the tunnel “Krivelj’s river”

1
t max = R c .......................... (1.5)
2

Testing the legality of gray sandstone strength,
from the route of the “Krivelj’s river” tunnel, was
made on twelve samples with dimensions d x h
= 5.4 x 8.1 [cm]. Seven samples were examined
in the complex stress condition in s2=s3=2,0; 5,0;
10,0; 20,0; 30,0; 40,0; 55,0 [MPa] and five samples of the s2=s3=0 (Figure 1).
From the diagram (Figure 1) it is clear that the
border stress state is non-linear.
Nonlinear fracture criterion is defined by the
following terms:

Equalizing the right sides of the equations (1.4)
and (1.5) gives:
s1 − s 3 = R c ......................... (1.6)
This means that, if the difference between main
stresses in the rock massif exceeds the value of
mono axial current strength, comes to fracture of
the rock massif structure.
1.3. Theory of strength energy

s1 = s 3 + m ⋅ s c ⋅ s 3 + s ⋅ s c2 ........... (1.11)

This theory has been formulated for the first
time in 1904 by M.T.Hubera, and in fact represents
the energy criterion. This criterion is often called
by authors Mises-Hencki who have published independently of one another ten years after Huber.
According to this criterion, strength has been defined by deformation energy of form.
The complex stress condition is defined by:
φ=

[

1+ n
(s x − s y )2 + (s y − s z )2 + (s z − s x )2 + 6 t 2xy + t 2yz + t 2zx
6E

(

Expression (1.11) can be written in the following form:
y = m ⋅ s c ⋅ x + s ⋅ s c2 .................. (1.12)
where:
2

)]

For the undisturbed rock s = 1, while the mono
axial resistance to pressure sc and material constant m is determined in the following way:

...................................... (1.7)
The mono axial stress condition:


∑ x ⋅ ∑ y 

x
y
⋅
−
x
∑ y − ∑
n
 ⋅ ∑ .... (1.13)
s c2 =
2

n
( x )  n
 ∑x2 − ∑
n



1+ n
φ=
⋅ 2 R c2 ........................ (1.8)
6E
Equalizing the right sides of the equations (1.7)
and (1.8) gives:

Rc =

[

1
(s x − s y )2 + (s y − s z )2 + (s z − s x )2 + 6 t 2xy + t 2yz + t 2zx
2

(

..................................... (1.9)
In case, where the complex stress state is defined by the main stresses s1, s2 i s3, criteria Huber
- Mises - Hencky has the following form:

[

y = (s1 − s 3 )
x=s3
m and s – material constants

)]


x⋅ y
∑x⋅y − ∑ ∑ 
1
n
 ........... (1.14)
m = ⋅
2


sc
(
)
x

 ∑x2 − ∑
n



Coefficient of determination r2 is determined
by expression:
..............................................

]

1
(s1 − s 2 )2 + (s 2 − s 3 )2 + (s 3 − s1 )2 = R c ..... (1.10)
2
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2


x⋅ y
∑x⋅y − ∑ ∑ 


n


... (1.15)
r2 =
2
2




 x 2 − (∑ x )  y 2 − (∑ y ) 
∑
∑
n 
n 




The link between shearing resistance t, the normal stress s and main stresses s1 and s3 is defined
by the following terms:

s = s3 +

t 2m

s
tm + m ⋅ c
8

t = (s − s 3 )⋅ 1 + m
tm =

Table 1
s[MPa] 23,57 31,80 41,50 72,42 89,33 114,08 132,20
t[MPa] 39,58 46,83 53,10 79,35 87,62 104,82 108,40

On figure 2 is shown the diagram of vertical
force and deformation in function of the sample
height, during the side pressure of 30, 40 and 55
[MPa]. First dash-dot-dash line presents the beginning of plastification. The other dash-dot-dash
line presents plastic fracture limit.

. ............... (1.16)

sc
............. (1.17)
4t m

1
(s1 − s 3 )
2

On the basis of experimental researches in the
triaxial stress state of the gray sandstone, values of
s and t were calculated and shown in table 1.
sc=95,25 [MPa]
m=4,68
s=1,0 ; r2=0,95

Figure 3. Breakage of gray sandstone samples in
triaxial stress condition by s3=2; 5; 10 and 20
[MPa]

Figure 1. Border stress state of gray sandstone from the route of the “Krivelj’s river” tunnel presented
by modified anvelope of Mohr’s circles
440
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Figure 2. Diagram of vertical force increase and deformation in function of the sample height, during
the side pressure of 30, 40 and 55 [MPa]
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1.5. Conclusion

Figure 4. Breakage of gray sandstone by slipping on the tangent stress plane without the occurrence of cracks by s3=30; 40 and 55 [MPa]
On figures 3 and 4 is shown the look of the gray
sandstone breakage in different conditions. Figure
3 shows breakage of gray sandstone samples in
triaxial stress condition. On the other hand, figure
4 shows breakage of the same kind of samples by
slipping on the tangent stress plane without visible
cracks.

Figure 5 View of the main and the shearing
stresses which causes the appearance of cracks
of gray sandstone from the route of the “Krivelj’s
river” tunnel
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Analysis of the above mentioned strength criteria, points to the limited possibilities for their
application to the rocks in which the mono axial
resistance of tightening is several times less than
mono axial resistance to pressure. This fact does
not take into account any Saint - Venant or Huber
- Mises - Hencky.
Criterion for the largest tangent stress tmax, do
not take into account the influence of the main intermediary strength stress s2, as numerous experiments prove. The other lack of criteria tmax is that
from it results illimitedness of strength in the state
of hydrostatic stress. Mentioned criteria don’t take
into account the defects, as well as rock anisotropy, which cannot be ignored. In such cases, the investigated rock samples examined in the complex
state of stress by the significant side pressures,
which confirms the modified Mohr’s diagram of
stress in Figure 1.
Anvelope of these circles, which shows the
fracture stress, can be considered for the curve,
composed from three different arches.
Arch 1, with the largest inclination angle of
tangent to the stress axe s, corresponds to the loss
of rock continuum by sliding.
Arch 2, corresponds to brittle breakage of rock
structure.
Arch 3, has the least inclination angle of tangent to the s axe and corresponds to a plastic rock
deformation, which is confirmed by the diagram
in Figure 2. The experiment found that the rock
samples in triaxial cell, by side pressures from 2
to 20 [MPa], breaking is caused by shearing stress
with the observed angle of fracture Figure 3. By
the side pressures from 30 to 55 [MPa], breakage of the samples of gray sandstone is caused by
slipping in the tangent stress plane without the occurrence of cracks image 5. This means that with
the increasing of the half-sum of the main stresses
 s1 + s 3  , increases the general resistance to


 2 
shearing.
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Rebound effect as a
measure of energy efficiency
Rebound efekat kao mjera energijske efikasnosti
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Abstract
In this paper, the influence of rebound effect in
a process of implementation measures for energy
consumption reduction is considered. Intuitevly
it seems obvious that increasing energy efficiency
will ultimately reduce demand for energy resources,
and therefore will reduce energy consumption and
greenhouse gasses emission. However, the practice
shows that the real savings in energy consumption
are far less than expected. The main reason for that
lies in the appearance of rebound effect. In this
paper, the rebound effect is defined, its importance
through exemplary cases is shown, and possible solutions for this problem are sugested.
Key words: rebound effect, energy efficiency,
building
Sažetak
U radu se razmatra uticaj rebound efekta u procesu sprovodjenja mjera za poboljšanjem energijske efikasnosti. Naime, povećanje energijske efikasnosti bi trebalo dovesti do smanjenja potrošnje
energije i smanjenja emisije stakleničkih plinova.
Međutim, u praksi se pokazalo da su stvarne
uštede u energiji znatno manje od očekivanih. Razlog tome leži u pojavi rebound efekta. U radu se
definiše rebound efekat, pojava rebounda se analizira na nekoliko primjera i predlažu se mogućnosti
iznalaženja optimalnih rješenja za prevazilaženje
ovog problema.
Ključne riječi:
rebound efekat, energijska
efikasnost, zgradarstvo
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1. Introduction
Intensive climate changes in last few decades
and energy resources decrease, led to the need for
promotion of energy efficiency projects, wich final goal is to control energy demands and to lower
greenhouse gasses emission in the atmosphere.
An increase in energy efficiency is certanly the
best way for climate changes mitigation. The investments in energy efficiency are more payable
than the investments in building new plants. All
the facts point to the necessity to increase energy
efficiency. But many energy efficient improvements do not reduce greenhouse gasses emmision,
and the greenhouse effect still grows. The practice
shows that the effect of implementation energy efficiency measures is much lower than expected,
wich makes very expensive energy efficiency
projects inefficient. This phenomenon is called
the rebound effect, i.e. decrease in demand and
subsequent decrease in cost of using the resource
can cause increase in demand. Therefore it is necessary to point to rebound effect and to analyze the
possibilities for finding the solution of this serious
problem, that would make energy efficiency projects more efficient in the future.
2. Energy efficiency and rebound effect
The unique deffinition of energy efficiency
does not exist. Even the IPPC directive [1] wich
requires the energy efficiency of a plant, does not
give its definition. In a long term, under energy
efficiency is considered the process of using less
energy to preform the same function. This, in2010
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creased energy efficiency releases certain amounts
of energy on the market, wich can be used to satisfy needs of further consumers and it can be considered as the new energy resource, so the energy
gained this way is populary called negajoule [2].
However, if literature is analysed, three groups of
energy efficiency can be declared. First group defines energy efficiency as the ratio between energy extracted from the technical system for convertion in the form of usefull energy and energy
put into the system. Second group defines energy
efficiency as the ratio between the function of the
system and energy put in the system. In that case,
the dimension is equal the ratio between the dimension of the service and input energy. Third
group of definitions asks the question what is the
function of the system that uses the energy.
The conclusion: there is no unique definition
of energy efficiency term. In general, this term
is used to describe the process of achieveing the
goals by reduceing energy use. Some authors define it as the ratio between energy extracted from
the technical system in the form of usefull energy,
and energy put into the system. The others define
it as the ratio between gains achieved by energy
use (heated space, the distance crossed by car). In
both cases energy efficiency is related to engineering aproach and methods – just in one considered
case it was spoken about energy efficiency in a
function of human behaviour.
One of the explanations why, even after the
measures for reduction of energy consumption are
taken, energy consumption is not being reduced,
lies in the appearance of so called Rebound effect.
The rebound effect can be defined as the difference between the projected and actual savings
of energy due to increased efficiency. It can also
be defined as a tendency to spend more energy,
caused by improvements in energy efficiency that
results in lower utility bills. Rebound effect can be
calculated as [3] :

Rebound effect can be observed in time terms
(short, medium and long term), as well as within
system boundaries (household, firm, sector, na2010

tional economy). Rebound effect can be direct,
indirect and macroeconomic [4].
Direct effect: the consumer chooses to use more
of the resource instead of realizing the energy cost
savings. For example, a person who has a more
efficient home heater will choose to heat the home
more, or a person who drives a more efficient car
will choose to drive more.
Indirect effect: a person will choose to spend
the saved money, by buying other aparatuses
which use the same energy resource. For example, a person who saves the money due to a more
efficient air conditioner will use the savings to buy
more electronic goods.
Macroeconomic: decreased demand for a resource leads to a lower resource price, making
new uses economically viable. For example, production of energy efficient, but socially unnecessary goods, such as solar garden lights. Although
these devices are energy efficient, their usage do
not comprehend in total energy savings, because
a lot of energy is spent for manufacturing these
products, and without them on the market, a person would not use conventional lights instead, and
would not spend energy for unnecessary lightning.
Spending energy on manufacturing, leads to emission of greenhouse gasses in the atmosphere, so
instead of reduction of greenhouse gasses emission and energy savings, energy use increases, as
well as the emission of CO2 in the atmosphere.
This is the most difficult aspect of the rebound effect to predict and measure.
Actual measures of the rebound effect can be rated between 0% and 100% (figure 1). The measure
of the rebound effect shows the size of actual savings of energy due to increased efficiency. According to EU 2006/32/EC directive about energy efficiency and energy services [5], EU member states
are reqired to achieve the goal of minimum 9%
reduction in energy consumption by 2016., and by
2020. the goal is to achieve reduction of all primary
energy consumption by 20%. Implementation of
these goals would save a 100 billion euros per year
and avoid the emission of 780 milion tons of CO2 in
the atmosphere. However, the planed measures to
improve energy efficiency will not give the desired
results due to rebound effect, so the actual savings
by 2020. will be almost three times less than predicted and by 2050. almost 50% less than expected. [6]
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3. Rebound effect in building

Figure 1. The ratio between rebound effect and
achieved energy savings [3]
Rebound effect appears when a person or a firm
invests money, saved due to increased energy efficiency in some other activity which leads to increased energy consumption. For example, the
plant which saved money due to energy efficiency
improvement, will invest the saved money in building a new plant, which will result in increased energy
use and increased CO2 emission. Under the certain
circumstances, rebound effect can turn an increase in
efficiency into an increase in demand, which results
in increased CO2 emission. However, this has only
happened in very special cases, such as in some developing countries or in new markets, such as the coal
market in the mid 1800s, or the electricity market in
the early 1900s [4]. Today, for developed markets,
it is generally accepted the existence of the rebound
effect, but it is limited. Rebound effect depends on
many variables, such as specific resource, the specific device, how developed the resource market and
overall economy are. The ratio between certain device and rebound effect is given in Table 1.
Table 1. The ratio between certain device and
rebound effect
Device

Size of rebound effect
(%)

electric equipment
Home appliances
Space heating/cooling
Automobiles

0% - 40%
0%
0% - 50%
10% - 30%

Rational use of energy in residential buildings is a policy concern since the first oil crisis in
1970’s. Over the past few decades, the problem
shifted from economics to environmental concerns, though today both aspets are important.
Building sector is the most significant energy
consumer, therefore energy efficiency in residential buildings has a large priority.
Figure 2 shows energy consumption for heating, compared to all the rest energy consumption
of end – users in Bosnia and Herzegovina, for the
year 1985. and for the year 2000.
Percentage of energy consumed for heating is
very large. Including sanitary watter it represents
around 50% of all consumed energy. Depending
on country development and its economy structure, those ratios are aproximatly around 40% and
60% [7].

From the Table 1 it can be seen that space heating/cooling devices significantly affect on rebound
effect, wich affects on achieved energy efficiency.
That conection is explained later in this paper, when
rebound effect in building sector is considered.
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Figure 2. The share of energy consumed for
heating, in total energy consumption of end – users, year 1985. and year 2000.
The instruments for realizing energy efficiency
in residential buildings, without degrading the indoor comfort are well known. The most important is excellent thermal insulation, correctly oriented highly performing windows (heat – transfer
coefficient k= 1,1 – 1,3 W/m2K), solar shadings
to avoid summer overheating, very efficient, correctly dimensioned heating systems and usage of
renewable energy.
Rebound effect in residential buildings can be
divided into economical, structural and technical
effects. Economic effects are caused by decreasing
costs of termal comfort, structural effects are based

on heating system changes, or an increasing living
area and technical effects are caused by a missing
adjustment of the heating system to the new building parameters. The quantification of rebound effect shows that these effects rise, when the condition
of building before reconstruction is worse and the
reconstruction is more comprehensive. Therefore,
small reconstruction actions lead to small rebound
effect, about 5% and reconstruction of buildings
in bad condition show typical rebound effect up to
50% and more. The investigation shows that possibilities for the reduction of rebound effect are restricted, if increasing comfort of consumers is to be
provided. The biggest possibility is in reduction of
technical rebound effect by optimization of heating
system and to restrict consumers scope of comfort
to a meaningful measure by intelligent regulation
systems. Structural rebound effect can be reduced
by a limitation of living area increase in the coherence with building reconstruction [8].
However, the main problem of rebound effect in
residential buildings lies in the fact that the energy
consumption is tightly connected with user behavior. For example, higher cost of energy for heating/
cooling may motivate people to consume less energy, but on the other side, indirect rebound effect appears, when households decide to spend the money
saved for other activities wich demand energy.
One of the possible solutions to control rebound
effect would be caracterisation of buildings. However, those data would not reflect the real condition
because human factor directly affects on rebound
effect in energy usage.
Also, one of the major problems that appears in
residential buildings and leads to irrational energy
consumption is increased tendency to possess larger

Table 2. Number, dwelling area for permanent residence and indicators of living standard in Croatia
since 1951. until 2001.
Consensus - year
Dwellings (for permanent
residence) in 000
Living area in
000 m2
Average m2 of living area
per person
Average number of persons
per dwelling
2010

1951.

1971.

1981.

1991.

2001.

882

1.189

1.381

1.576

1.660

38.108

62.659

86.954

110.972

120.973

9,8

14,1

19,5

23,2

27,2

4,4

3,7

3,2

3,0

2,74
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living area of the dwelling per person. Considering
the fact that the census in Bosnia and Herzegovina
has not been fulfilled sice 1991., in this paper, for illustration of this problem, the example from neighboring state R Croatia was presented, where it can
be declared that in the last 50 years average living
area of a dwelling per person has been increased
three times, wich is shown in Table 2.
Remark: consensus in 1961. did not include entire housing fond, therefore the data for that year
are not presented.
On the other side, number of inhabitants per
dwelling significantly decreased.

Figure 3. Average number of persons per dwelling in Croatia according to consensuses since
1951. until 2001.
4. Conclusions and discussion
Knowledge of the size of the rebound effect is
necessary to assess the realistic contribution of energy efficiency. The rebound effect is a complex
topic, that cannot be ignored. The studies show
that the key factor that influences on the size of rebound effect is consumers awareness and socio –
cultural factors. In developed countries the trend
is to set up extensive education campaigns (by
media, education programs in schools etc.). Even
though such campaigns do not have the potential
to reach everybody, they can increase the social
responsibility in the general population and initiate at least a limited behavioral change.
Other factors that influence the size of rebound
effect are public relations, economic development,
tradition, culture and social norms. The need for
energy consumption and economic development
are tightly connected, so one of the effective methods for rebound effect reduction could be to increase energy taxes. As the energy consumption
448

decreases, energy taxes could be increased without
affecting the purse of consumers. In this way, the
externalities of energy would be charged through to
a higher degree and consumers would be stimulated
to use the increased efficiency to reduce energy consumption. Beside the energy taxes implementation,
it would be necessary to implement legislations for
CO2 emission restrictions, through different measures that would include CO2 emission taxes, obligated filters in front of factory chimneys etc. These
measures should motivate firms and individuals to
invest money saved due to implementation measures for energy efficiency in other activities that
include CO2 emission reduction.
The main problem in implementation rebound
effect reduction measures lies in the fact that rebound effect is much larger in developing countries, than in developed countries and it is more
difficult to implement measures mentioned in this
paper in countries that do not have social awareness and developed economy.
Concerning rebound effect in Bosnia and Herzegovina, it is necessary to accentuate that Bosnia
and Herzegovina has many difficulties in the process of energy efficiency measures implementation.
The main problem lies in a complex administration structure, non existing institutional basis (state
agency for energy efficiency), information and tuition insufficiency and lack of interest of the authorities, very few professional institutions, lack of fonds
and low social awareness about climate changes. To
comprehend in energy crisis solution, it is necessary
to develop certain state strategy and to include all
authorities in the process, on local and state level,
to implement certain legislations, price reform and
level the social awareness and knowledge on this
subject. There are no experimental studies in Bosnia and Herzegovina on rebound effect subject.
Therefore, it would be necessary to elaborate studies, that would, through monitoring and measuring
before the intervention and after the intervention,
present certain data wich could be compared to
planed results, that would lead to the understanding
of the problem, and that is prerequisite for opening
possibilities for finding the solution for reduction rebound effect as much as possible, in the process of
energy efficiency measures implementation. Only
then the revision of existing projests is possible, that
would give more efficient results in the end.
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Abstract
The main function of the cement in the annulus of the well is to prevent any fluid communication between drilled formations to provide long
term zonal isolation and to bond and support the
casing. In addition to isolating oil – gas – water
producing zones, cement also aids in protecting
the casing from corrosion, preventing blowout
by quickly forming a seal and sealing off zones
of lost circulation, or thief zones. However, even
when cementing job has been done correctly from
technical point of view, changes in downhole conditions can induce sufficient stresses to destroy
the integrity of the cement sheath. Mechanical
damage is caused by a large increase of wellbore
pressure (pressure integrity test, increase of mud
weight, casing perforation, stimulation, gas production), a large increase of wellbore temperature
(geothermal production, steam injection, HT/HP
wells) or the formation loading (creep, faulting,
compaction). The weaker the formation, the worse
the condition, since a weak formation is not able
to mechanically support the cement deformation.
The consequence will be loss of zonal isolation
which can be detected, in gas wells, by long term
gas migration problem. Model for selection adequate cement slurry and analyzing cement sheath
integrity during well life is necessary.
Introduction
In the contemporary designing, stress and stability analysis in annulus of the well is most usually done by stress-deformation methods. Among
them, the most extensive application is found with
the finite element method. This method is used for
450

analyzing changes of stress condition in the system casing-cement stone-formation, where drilling operations are being executed, and based on
that zones which suffered changes in stress and
possibly stability disturbance are defined. This
approach enables identification of a zone with increasing stress or even fracture, and understanding
influence of proposed construction model for system casing-cement stone- formation on concentration of stress primarily in cement stone. In such
way, all advantages and drawbacks of the proposed solution can be reviewed, as well as their
influence on further drilling operations or certain
activities during exploitation can be anticipated.
Due to the fact that determination of three dimensional stress condition is very complex and
time consuming process, in practice stress condition is most usually analyzed in two dimensions,
i.e. planes. In this case, it has been assumed that
all external forces act in one plane (x-y) and that
thickness of an object (z-axis) is negligible in
comparison to the other two dimensions. In order
to define stress condition in a plane it is necessary
to determine 4 components: two normal stresses
which act along coordinate axises, σx, σy, and two
tangential stresses which act along certain plains
τxy, τyx. In most cases, it is more practical to present
stress components in a polar coordinate system.
Position of a point in coordinate system is determined by coordinates r and q. Elements of stress
in this coordinate system are shown in Figure 1.
Components of stress which affect elementary
surface are σr, σq, τrq, τqr. Drilling a well creates
disturbance of primary stress condition, concentration of stress and its redistribution in rock massif. This newly emerged condition is called secondary stress condition. A newly emerged hole, on
a specific depth in a plane perpendicularly to well
2010
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axis, is in two dimensional stress condition. Well
dimension, in direction of vertical axis is considerably larger in comparison to dimension of cross
section, thus condition of stress is brought to axis
symmetrical condition.

–– radial stresses sr along the rim have the
lowest values, while tangential sq the highest.

Figure 2. Distribution of stress (sr, sq) in plane
vertical to well axis
Figure 1. Well with stress components (sr, sq) in
a plane perpendicularly to well axis
Stress condition in rock massif in the surroundings of the well is determined by the following
equations:



s r = s x ⋅  1 −




s q = s x ⋅  1 +


a2 

r 2 
a2
r2





Where:

s r = radial stress
s q = tangential stress
a = well radius (m)
r = distance from well axis (m)
These equations meet condition stipulating
that secondary stress condition is equal to primary
stress condition (σH) at infinite distance from the
well axis. Based on the previously stated, the following conclusion can be drawn:
–– at all points located along well rim (r=a) stress
condition is not affected by well diameter,
–– tangential stresses sq along well rim are twice a
value of horizontal stress component sH which
is subject to depth where analysis of stress
condition is conducted and Poisson coefficient
of rock massif where the well is drilled,
2010

Construction model for system casingcement stone-formation
Researches covered 3 models of system casing- cement stone – formation. Well models are
created on the basis of well constructions applied
in the southeastern Pannonian basin with all necessary data. Of course, it is not possible to cover
all depths of production layers and related well
constructions.
Model is developed in such manner to comply
in every aspect to state and conditions existing in
a well. Their modeling by application of Phase2
software package is divided into entities such as:
Graphical presentation of the model and
Determination of model features.
Models shown in Figures 1, 2 and 3 represent
typical constructions of production casing. Figures show layout of models with the following
production casing.
MODEL I
Model of a well with production casing string represents fields with high pressures and temperatures:
–– Bit diameter: 215.9 mm, TD = 2800 m
–– Casing: OD = 177.8 mm, ID = 152.9 mm,
GRAD P-110
–– Formation: medium and hard
451
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Figure 3. Model of a well with casing 177.8 mm
P-110 (51.8 kg/m¢) set up to 2800 m
MODEL II
Model of a well with casing string 139.7 mm
K-55 (20.83 kg/m) up to 1100 m.
–– Bit diameter : 215.9 mm, TD = 1100 m
–– Casing: ID = 127.3 mm, OD = 139.7 mm,
GRAD K-55
–– Formation soft and medium hard

Figure 4. Model of a well with casing 139.7 mm
K-55 (20.83 kg/m¢) set up to 1100 m
MODEL III
Model of a well with casing string 139.7 mm
K-55 (23,0 kg/m) up to 1100 m
–– Bit diameter: 215.9 mm, TD = 1100 m.
–– Casing: ID = 125.73 mm, OD = 139.7 mm,
GRAD: K-55
–– Formation: soft and medium hard
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Figure 5. Model of a well with casing 139.7 mm
K-55 (23.0 kg/m¢) set up to 1100 m
Table 1 gives review of finite elements number
and ²nods² number for certain well models with
characteristic production casing.
Table 1. Finite elements and “nods” number
Production
casing
Grad:P-110
(51.8 kg/m¢)
Grad:K-55
(20.83 kg/m¢)
Grad:K-55
(23.0 kg/m¢)

Finite elements
number

Nod
number

21872

11136

26464

13552

26280

13460

It is possible to execute detailed analysis of:
stress condition (s1 = sq, s3 = sr), course and direction of deformations.
Model features, and their determination is divided into two groups:
The first group includes determination of stress
fields where analyzed model is located (constantly
and gravitationally), sizes which determine the
stress field, as well as determination of boundary conditions of the model. In this case, constant
stress field has been adopted with the following
value of horizontal component sH = 28 MPa and
11 MPa. These values of stress field are adopted,
since in the course of production casing string cementing process, displacement of cement slurry
has been done with water.
Within the second group, identification of physical-mechanical characteristics is carried out. This
program gives possibility to identify up to 10 various materials. Here, it is required to determine one
out of three strength criteria for material (MohrCoulomb, Hoek-Brown, Drucker-Prager) and define a material, depending on available values, as
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elastic or plastic. Table 2 lists characteristics of
materials used in these models, in accordance with
Mohr-Coulomb strength criteria. All materials are
considered to be elastic.
This software package enables simultaneous
analysis of several models, so that changes in well
conditions can be investigated at different well
geometry, and optimal solution which would provide satisfactory stability of casing-cement stoneformation can be found.
Table 3 shows models used for analysis of
stress and deformation of cement stone. Analysis
of cement stone class G and Spec. cement system
has been executed for each model.
Changes in well conditions are simulated
through change in pressure inside the well, from
balanced (zero) state after hardening of cement
stone up to max. expected pressure for the related
construction of the system casing – cement stone -

formation. Analysis of pressure increase has been
conducted after every 5 steps, i.e. every 5 values.
Table 4 represents pressure values for certain steps,
as well as max. pressure values within the system.
Summary
In order to secure a long life of well exploitation, cement stone has to be mechanically and
chemically resistant. Cement stone originating
from API well cement is resistant to aggressive
well fluids, however it has to be resistant to stress
during production or operations inside the well,
i.e. testing of casing tightness, simulation operations, temperature changes during production cycles in the entire course of well life. It is necessary
to analyze mechanical behaviour of cement stone
of various cement slurry types under well condi-

Table 2. Mechanical characterizations of material used in the model
Material
Iron
Cement stone:
API Class G
Cement stone:
Spec. cement system (1)
Cement stone:
Spec. cement system (2)
Formation:
Soft
Formation:
medium hard
Formation:
Hard

Modulus of
elasticity
E (MPa)

Poisson
coefficient
m

Tensile
strength
st (MPa)

Angle of
internal friction
j ( o)

Cohesion
c (MPa)

200000

0.27

880

53.5

138.77

9200

0.2

3

42.95

6.05

4100

0.2

3

42.95

6.05

2600

0.2

3

42.95

6.05

1580

0.13

2.07

30

10.5

4550

0.22

2.07

30

10.5

8960

0.29

2.07

30

10.5

Table 3. Used models during analysis of stress and deformation of cement stone
Model
I
I
II
III
III
2010

A
B
A
B
A
B
A
B
A
B

Casing

Cement stone

Formation

177.8 mm, Grad: P-110 (51.8 kg/m¢)
177.8 mm, Grad: P-110 (51.8 kg/m¢)
177.8 mm, Grad: P-110 (51.8 kg/m¢)
177.8 mm, Grad: P-110 (51.8 kg/m¢)
139.7 mm, Grad: K-55 (20.83 kg/m¢)
139.7 mm, Grad: K-55 (20.83 kg/m¢)
139,7 mm, Grad: K-55 (23.0 kg/m¢)
139,7 mm, Grad: K-55 (23.0 kg/m¢)
139,7 mm, Grad: K-55 (23.0 kg/m¢)
139,7 mm, Grad: K-55 (23.0 kg/m¢)

API Class G
Spec. cement system (1)
API Class G
Spec. cement system (1)
API Class G
Spec. cement system (2)
API Class G
Spec. cement system (2)
API Class G
Spec. cement system (2)

medium hard
medium hard
Hard
Hard
Soft
Soft
medium hard
Soft
medium hard
medium hard
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Table 4. Simulated pressure values during testing.
System:
casing cement stone formation

I
step
(MPa)

II
step
(MPa)

III
step
(MPa)

IV
step
(MPa)

V
step
(MPa)

177.8 mm, Grad P-110 (51.8 kg/m¢)
API Class G
medium hard formation

0

5

10

15

20

177.8 mm, Grad: P-110 (51.8 kg/m¢)
Spec. cement system (1)
medium hard formation

0

5

10

15

20

177.8 mm, Grad: P-110 (51.8 kg/m¢)
API Class G
hard formation

0

5

10

15

20

177.8 mm, Grad: P-110 (51.8 kg/m¢)
Spec. cement system (1)
hard formation

0

5

10

15

20

139.7 mm, Grad: K-55 (20.83 kg/m¢)
API Class G
soft formation

0

2

4

6

8

139.7 mm, Grad: K-55 (20.83 kg/m¢)
Spec. cement system (2)
soft formation

0

2

4

6

8

139,7 mm, Grad: K-55 (23.0 kg/m¢)
API Class G
soft formation

0

2

4

6

8

139,7 mm, Grad: K-55 (23.0 kg/m¢)
Spec. cement system (2)
soft formation

0

2

4

6

8

139,7 mm K-55 (23.0 kg/m¢)
API Class G
medium hard formation

0

2

4

6

8

139,7 mm, Grad: K-55 (23.0 kg/m¢)
Spec. cement system (2)
medium hard formation

0

2

4

6

8

tions in order to detect the optimal composition
of cement slurry. Instead of previous analysis of
cement stone strength, as its essential characteristic, the entire mechanical system consisting of
casing, annulus and formation needs to be considered. Pressure or temperature increase in the well
is transferred first to the casing due to which stress
is transferred further to the cement stone as well.
During well production life, cement stone needs to
be resistant to cyclic loading. Model has its extensive usage in analysis of radial, tangential stress
and deformation of cement stone in annulus with
change of well conditions. Analyzing them it is
possible to make correct selection of cement slurry type in order to preserve stability of cemented
annulus during well life.
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Abstract
The territory of the Federation of Bosnia and
Herzegovina is rich in occurrences and deposits of
mineral, thermal and thermomineral waters, varied in their physical properties and chemical properties. Thus they represent huge natural resources
-potential with multipurpose possibilities for their
use, which represents asignificant foundation for
the development of different activities in the fields
of medicine, tourism, sport, in the industry of bottled water and non-alcoholic drinks, for obtaining
of particular mineral raw materials, in technological processes that require increased temperature,
in agriculture. All of this is pointing out the need
of detailed and complex investigations in the
field of hydrogeology which has been disregarded.
Practice has shown neither enough understanding
nor proper approach to explorations of this kind.
Key words: hydrogeology, mineral waters, potentiality
Potentiality of Federation of Bosnia and
Herzegovina in mineral water
The huge terrain heterogeneity of the Federation of Bosnia and Herzegovina, to a depth of
several kilometers, with regards to lithological
composition and structural shapes, is a result of
2010

long-lasting stormy geologic development of the
earth’s crust. Mutual pronounced volcanic, plutonic, tectonic activities, as well as numerous other events in geologic past have resulted in the formation of specific hydrogeological characteristics
of some parts of its territory. Thus, there is not a
region in the Federation of Bosnia and Herzegovina in which one cannot discover mineral water
at either shallow or deep depth, either by natural
discharge through springs or by exploratory drilling. Hydrogeological explorations have already
been carried out with changeable intensity for a
number of years. Thus numerous exploratory drill
holes have been worked, and complex geophysical explorations, as well as hydrogeochemical and
other investigations carried out. High quantities of
geothermal water with increased temperature have
been discovered in a number of localities, and
with that, the region potentiality data collected.
However, it can be said that this resource has not
been investigated sufficiently yet.
The aim of this paper is to present diversity
of the given natural resource at the current level
of research, as well as the value of this specific
mineral raw material from the point of view of the
given water application, as well as to offer basic
data on available resources to potential users of
curative property and energy power of geothermal
water. The survey of occurrences and deposits of
mineral water is presented in the paper. For the
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reason of numerous occurrences of mineral water,
its diversity of physical properties and chemical
characteristics, and its yield, authorities should
undertake steps concerning the use of this significant natural potential which can be envied for by a
number of countries.
Introduction
Mineral, thermal and thermomineral waters are
main potential of the development in the majority of spa and climatic resorts of the Federation of
Bosnia and Herzegovina. The potentiality of them
reflects just part of the knowledge of these occurrences and natural curative factors accompanying
them. A detailed analysis can select the most valuable among them.
1. Survey of mineral water occurrences
and deposits of Federation of Bosnia and
Herzegovina
The aim of the paper is to point out, on the basis
of relevant and valid data of hydrogeological explorations of a number of years on the territory of the
Federation, the significance and perspectivity of this
natural resource which can be used in numerous
ways, thereby special attention should be paid to the
preservation of existing deposits, both with regards
to their exploitation and the limits of rational exploitation of all available and potential resources.
Numerous remains of various facilities in the vicinity of mineral water springs, as well as historical records, testify that men have used them from
times immemorial (F. Katzer, 1919). The result of
this long utilization tradition is the knowledge of the
significant potentiality of available reserves of mineral water, which is confirmed by exploring of existing deposits with the possibility of the opening of a
large number of the new ones (J. Josipović, 1971).
Relevant and valid data of geological and hydrogeological explorations carried out on the territory
of the Federation of Bosnia and Herzegovina for
many years point out significance and perspectivity of mineral water resources in this region. The
numerousness, and first of all heterogeneity (Table
1) of mineral, thermal and thermomineral waters is
456

conditioned by geologic structure and tectonic setting of the terrain (Fig.1)
During the exploration of mineral water it is necessary to determine the values of numerous parameters such as: geologic, tectonic, hydrogeologic, geothermal, hydrogeochemical, geophysical, etc. Their
determination is carried out by means of numerous
methods. The results of those explorations have enabled us to present the following facts nowadays.
The geologic structure of the Federation of Bosnia and Herzegovina is the result of long geologic
past and the evolution of the planet Earth (Fig.1).
Rocks of Paleozoic age, which constitute the base
to all remaining geologic layers, have been singled
out as the oldest ones. They are represented by shale
layers, marble, dolomite, limestone, and clastite
with the occurrence of various igneous rocks.
The Mesozoic is represented by Triassic rocks,
Jurassic formations, and Cretaceous sediments
which are distributed widely. Deposits of Mesozoic
age consist of classic carbonate, volcanogenic- –
sedimentary and flysch deposits. Igneous rocks with
mineralization, as well as coal-bearing layers have
been singled out within Palaeogene deposits.
The occurrence of limestone and clastic rocks
is related to Neogene sediments, with the presence
of fresh water layers as well. The gravel, sand, and
clay of Quaternary age occur as the youngest ones.
Numerous hydrogeological explorations dating from as early as the year 1886 have contributed
to the current knowledge of mineral, thermal, and
thermomineral waters of the Federation of Bosnia
and Herzegovina. Results of these explorations,
with objective interruptions have contributed to the
formation of the image of physical properties and
chemical characteristics of mineral water.
Mineral, thermal, and thermomineral waters of
the Federation of Bosnia and Herzegovina have
overall mineralization mostly below 2.5 g/l thereby
the exception refers to the water in the region of salt
deposits.
Temperature values of mineral water are varied.
The temperature of thermal and thermomineral waters ranges from 20 to 40o C, except the occurrences
in the vicinity of Sarajevo, thereby the water of the
Iidža occurrence reaches the highest temperature.
Some of distinctive representatives of particular hydrogeochemical mineral water types are
shown in Table 1.
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Observing hydrochemical types of mineral water (Table 1) it can be noticed that a hydrocarbonate ion prevails in the anion composition of water.
The hydrocarbonate water type occurs in thermal
water (Olovo). The hydrocarbonate-sulphate water type is typical for the occurrences of the Sara-

jevo-Zenica basin and its border (Ilidža). The hydrocarbonate–chloride water type is related to the
region in the vicinity of the Tuzla basin.
In the anion composition, a chloride ion is distributed most widely after a hydrocarbonate ion
and its occurrences are mostly connected with salt

Table 1. Survey of mineral, thermal, and thermomineral waters
Occurrence
Ilidža

Gata

Vrućica

Toplice

Toplice

Toplice

Kiseljak

Kiseljak

Kiseljak

Sočkovica

Kiseljak

Locality
Sarajevo

Bihać

HCO351 SO 427 Cl22
57.5o C
Ca 56 Na 28 Mg16

2
CO0.49
M 3.2

M1.7

4
SO54
Cl26 HCO320
36o C
Ca 50 Na 31 Mg19

4
HCO363 Cl20 SO17
27.5o C
Ca 46 Na 40 Mg15

Teslić

M 3.7

Gradačac

2
CO0.1
M1.2

HCO370 SO 421 Cl9
29.3o C
Na 75 Ca 20 Mg 5

Lithological environment
Triassic shale and dolomite

Triassic dolomite

Cretaceous marl and shale

limestone

Fojnice

M 0.48

HCO393 SO54
28.9o C
Ca 57 Mg 27 Na16

phyillite

Olovo

M 0.47

HCO397
31.5o C
Ca 69 Mg 26 Na 5

limestone

Fojnice

2
CO1.8
M 6.4

HCO366 SO 428 Cl6
12o C
Ca 52 Na 28 Mg 20

phyillite

Žepče

2
CO1.8
M 4.0

HCO393
20.4o C
Mg 76 Ca16 Na 8

serpentinite

HCO392 Cl6
14.4o C
Mg 49 Na 47

tufa sandstone

HCO396
24o C
Na 50 Mg 40 Ca10

serpentinite

Rječice

2
CO1.6
M 3.9

Gračanica

2
CO1.1
M 0.35

Dragunja

CO12 M 3.3

Kiseljak

Spreča

Jodno vrelo

Navioci

2010

Formula of chemical composition

3
HCO85
Cl14
17.2o C
Na 63 Ca 22 Mg15

2
CO0.8
M 2.0

sandstone

3
HCO88
Cl12
13.6o C
Mg 68 Na 21 Ca11

serpentinite

Cl96
13.6o C
Na 93 Ca 6

sandstone and marl

2
CO0.1
M 47.5
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formations. The occurrences of mineral and thermomineral waters of the chloride type are typical
for the area in the vicinity of Tuzla, thereby chloride-hydrocarbonate and chloride sulphate water
types occur in this terrain as well. The sulphate
water type is not frequent, while some subtypes of
sulphate water are slightly more frequent (Gata).
The cation composition of water offers somehow different picture (Table 1). Namely, basic
”pure” cation water types are less frequent than
anion types. The sodium ion is the most prevailing one among cations, occurring in north eastern
part of the terrain (Tuzla, Navioci). The magnesium ion is related to thermomineral occurrences
with CO2 (Žepče). The calcium water type is quite

infrequent. Cation subtypes of mineral, thermal
and thermomineral waters are the most common
in distribution.
Results of past geological and hydrogeological explorations conducted so far in particular spa
localities, which are mostly of natural discharge,
as well as results of the completion of exploratory
and exploratory-production drill holes have been
used as a basis for the survey of the potentiality of
the Federation in mineral water.

Fig. 1 Geological map of Federation of Bosnia and Herzegovina
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2. Current state in exploration of mineral
water and potential possibilities
It is obvious that mineral water has not been
explored sufficiently thus the basic assignment is
to intensify its exploration in the future period,
both in scope and evenness,
A great number of well known occurrences and
deposits, significant water quantities, wide range
of temperature values testify to perspectivity, as
well as the discovery and confirmation of large reserves within already well known water deposits,
as well as the new ones.
The current state and symptomatic accompanying well known occurrences and mineral water
deposits undoubtedly point out the statements on
perspectivity. The level of exploration and utilization of this water is still uneven, frequently low,
which means that available reserves are mainly
not used completely, also the unknown from the
point of view of genesis, conditions of recharge,
existence, discharge, balance, in one word there is
the need and necessity to conduct systematic exploration.
The level of utilization is uneven from primitive, unorganized way of use to organized utilization in contemporary medical (spa resorts:Ilidža,
Fojnica,Teslić) or recreation centres, for bottling
of table refreshing water, with the possibility of
the application in agriculture for heating of patches, vegetable and flower growing in greenhouses,
drying of agricultural products, for heating of
settlements, for obtaining of gas from this water.
The stated occurrences and deposits are sufficient to get impression about their distribution
without listing of all well known occurrences,
with a note about possibilities for discovering the
new ones, thus perspectivity is emphasized really
from the point of view of multipurpose use.
Results of hydrogeological explorations of
mineral water used by medical experts for curing, rehabilitation of patients with the possibility
of opening and development of the concept of so
called “new spas”, wellness and spa centres will
be illustrated by several typical examples. For instance Fojnica thermal water belonging to natural
radioactive acrato spas are used for bathing and
curing of: rheumatism of muscles, joints, neuralgia, and especially of sciatica, metabolism (gout,
2010

uric diathesis), skin diseases,(eczema), female
complaints, anaemia, etc. The natural sulphurous
water of Ilidža (alkaline, sulphatic, sulphurous,
natural alkaline acid water) with the temperature
of 54-58oC, the yield of about 24 l/s are used for
curing of rheumatic diseases of joints, muscles,
sterility, skin diseases, diseases of bile and liver,
consequences of injuries, diabetes, catarrh of
stomach and bowels, heart diseases, by bathing
and drinking and using mud poultices –peloids.
The Tuzla Banja Salt Spa with 33% of salt,
significant quantities of bromine, major traces of
iodine, with the temperature of 19 oC dates from
as early as the year 1912. There are rock salt layers at a depth of 200 -500m. Rheumatic diseases
of joints, muscles, chronic inflammation owing to
injuries, female complaints, rachytis are cured in
the spa and it also helps with anemia, sclerosis.
Chronic catarrh of stomach with decreased acid
and without acid is cured by drinking the water.
Steam inhalation is curative for diseases of breathing organs. There are springs of acid radioactive
natural alkaline bitter water with the temperature
of 29.7oC as well as springs of acid salt –bitter
water with the temperature of 14oC in the Vrućica
Banja Spa. It contains 1.73 g of free carbonic acid
in one liter. The radioactivity of this water originating from radioactive elements present in the
water has also been determined. Radium has been
singled out in the form of radioactive barium out
of healing mud (peloid).One gram of this mud
emanates as much as 9.10 12grams of pure radium.
Water of this characteristics is used by drinking
and bathing for the following indications: heart
diseases and antipathy, metabolism diseases, neuralgia, chronic catarrh of stomach with reduced
quantity of stomach acid, liver insufficiency, recovery after acute and serious diseases, physical
and diet therapy. As it contains magnesium salts
and radioactive elements it is a precious device in
the struggle against cancer.
These are some of indicators showing the significance and potentiality of the Federation of
Bosnia and Herzegovina from the point of view of
multipurpose utilization of mineral water.
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Conclusion
An aboundance in diversity and variety of
mineral waters makes each of them unique excluding competition among them. This potentiality must be the object of detailed hydrogeological
exploration in order to grow into resource and
become a reliable base for making agreement
on development strategy and the establishing of
balneotherapy and climatetherapy centres. An approach to the further treatment of the mineral water requires special, in all domains objective conception, and up to date methodological approach,
which obliges all participants to consider conditions and possibilities seriously with regard to investments, required equipment, skilled and experienced personnel. On the basis of the use of this
natural potential more suitable and cost-effective
development and the growth of the own national
wealth can be achieved.

References
1. Anđelković M: Geologija Jugoslavije-Tektonika,
Rudarsko-geološki fakultet, Beograd, 1982.
2. Filipović B, Dimitrijević N: Mineralne vode,
Rudarsko-geološki fakultet, Beograd, 1991.
3. Josipović J: Mineralne, termalne i termomineralne
vode na teritoriji Bosne i Hercegovine,
Geološki glasnik 15; Sarajevo, 1971.
4. Katzer F: K poznavanju mineralnih vrela Bosne,
Separatni otisak iz Glasnika zemaljskog muzeja u
Bosni i Hercegovini XXXI; Sarajevo, 1919.
5. Rodić D: Termalne i mineralne vode u Jugoslaviji,
Zemlja i ljudi, Beograd, 1975.
6. Wahl E: Gethermal energy utilization, John
Wiley& Sons, Inc, New York, 1977.
7. Wood B & Fraser D: Elementary thermodinamics
for geologists, Oxford University Press,
Oxford, 1977.
Corresponding author:
O. Krunic,
Faculty of Mining and Geology,
University of Belgrade,
Serbia,
e-mail: kronico@sezampro.rs

460

2010

technics technologies education management

Innovations of companies
in Serbia
Branimir Pavla Inic1, Marko R. Milutinovic2, Andrej Jergovic3, Aleksandra Vucelja4
1
2
3
4

Union University, Faculty for Entrepreneurial Business, Belgrade, Serbia
Marketing and Financial Advisor in Economix d.o.o. Podgorica, Montenegro
Soko inžinjering, Belgrade, Serbia
Altios d.o.o., Belgrade, Serbia

Abstract
Serbia was receiving Europe’s warnings that
– if she wants to run for membership in European
Union and to become its member – must implement
changes on the political, economic, technological,
educational… but, mostly on the mental level in accordance with the laws and regulations that apply to
that institution. Future oriented people in our country were and still are supporting those warnings.
Global significance of the importance of the need
for acceptance and implementation of changes in
the business world has a decisive impact on the survival, development and growth of business entities
who are drivers and support of country’s economic
strength. It is neither fashion nor fad of the developed as some future breakers present it. Accordingly
in more turbulent and faster environment innovation
as a change generator has become dominant and
necessary factor of success. The one who doesn’t
have it – loses and disappears. Therefore, if company wants to use innovation as a competitive weapon
or to be more innovative then its competitors, she
must ensure and accelerate the process of changes as
well as creation of innovative climate and readiness
to manage the creativity of its staff. When we succeed in this all debates about types of changes that
we need will become redundant and boring.
Results of the research named “Survey of the
attributes that determine innovation of business
entities” are presented in this work and they are
giving one of the possible answers to the question:
What is the extent of innovation of Serbian’s business entities when quantified?
Survey questionnaires 1 and 2 were used as research instruments. All domains were determined
2010

with 1, 5 and 10 points from the bottom up, except
the attributes of investment in innovative activity
which was determined with 1, 30 and 50 points
because of its great importance (Survey questionnaire 1), and the ranking of relative importance of
the attributes was determined with numbers ranging from 1 to 10 (Survey questionnaire 2).
Simple, direct and non-suggestive formulations were used to create the questionnaire, applying the method of shortened scale of Likert’s type
with three or more choices to express more or less
consistent continuity.
Probability of error occurrences in this research
was reduced to minimum by organizing the survey
into to questionnaires (first - that refers to the selection of attribute domains, and the second - that
refers to the ranking of those attributes).
Attributes that were rated in the research are:
attitude toward risk, image, external communication, internal communication, capabilities of top
management, organizational changes, marketing
orientation, motivation, computer usage, flexibility, investments, quality, creativity, and amount of
ideas included and used in the research and development as well as selection of these ideas.
Key words: Change, Environment, Innovation, Development, Education
1. Only Changes Are Eternal
“To improve something – change.
To reach the perfection – change often”.
For the beginning, it is important to emphasize
what was stated long time ago that nothing is for461
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ever except change and that the change is the only
thing that makes it possible to achieve something
new and different [1]. Changes of the developed
are all but coincidence, they have their own pace
and they don’t represent a simple continuation of
the past but complete discontinuity in relation to
it, so today the value of large companies is not
reflected in their longevity, but in their ability to
change. Thus, historically, out of top 100 companies from the Fortune’s magazine list of 500 largest U.S. companies in 1956 when the first review
was made, in 1992 only 29 remained there. In the
list of top 100 non-U.S. companies in the same period only 27 retained its place [7]. Toyota, which
was manufacturer of textile machinery before
World War II is now a significant player in the automotive industry. Daimler-Benz has been transformed into technology giant in the field of air and
space traffic (by acquisition of MMB, MTU and
Erno). Mitsubishi started as a shipyard founded
by samurai Tsukomo Shovakai and now it has 29
corporations with 160 industrial companies and
as many banks and financial institutions bonded
together by the common name and – in the last 35
years – by lunch held every other Friday in Tokyo’s Marunouci district where leading presidents
govern their global world.
Research suggests that the main problem in
process of implementing change is how to attract
people to the process. Jack Welch, the first man
of General Electric suggests the following recipe:
“Start with the real situation. Come out
straight with all the facts. Explain to people the
reason for the change clarifying it by using most
dramatic expressions. When all of them get the
same facts usually they’ll come to the same conclusion. Only after consensus is reached and resistance is weakened you can start buying them for a
change”. [17]
Thanks to this recipe, in history of the West
sudden changes occur every few hundred years
according to Peter Drucker [3]. Every few decades
societies are becoming organized in completely
new way – changing their view of the world, their
core values, social and political structure, art and
key investments. Fifty years later we have a new
world. People born in this world can not even
imagine a world in which their grandmothers and
grandfathers have lived and the world in which
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their parents were born. Our time is an era of such
changes. Acceleration of changes along with the
phenomenon of “densification” of the space tame
and matter requires major organizational-transformational changes. Developed recognize this fact
so that the teams in these companies are working
in secret so that the planned activities would not
be endangered. However, it is not the only thing
enough to ensure company’s security although
many managers think so, because it is an illusion
that a simple change of organization structure of
the company can solve all the problems. The onesided formula can be compared to “bird cage”
which has been “shaken”. That shaking results in
feathers flying in all directions but the number of
birds and the bird’s song remains the same. The
only difference is that the birds changed positions
in the cage. Everything else remains the same.
Therefore, any modern organization must incorporate management of changes in its own structure
as well as organized abandonment of everything
that works and also ability to create new. Accordingly, Peter Drucker stated that organization must
seek to incorporate three systemic determinants.
First, every organization requires constant improvement of everything that works – process that
Japanese call kaizen.
Second, each organization must learn to exploit, that is to develop new ways of applying
improvements of its own success (example: the
way that the Japanese manufacturer of electronic
consumer goods was developing one product after
another and therefore elaborating the same American invention – tape recorder).
Third, every organization will have to learn to
innovate, as well as to learn that innovation can
and should be organized as a systematic process.
Implementation of this approach becomes imperative of the future because markets will change,
technology will change and perhaps the most important commitment of consumer, supplier and
company owner’s will change faster and faster.
Companies that accept necessity of changing
and create such structure and culture that will allow planning, management and improvement of
changes are the ones that will prosper. Companies
that change only when they are forced by question
of its own survival will desperately continue trying to survive.
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2. Transience – the generator of changes
“The history is full of graveyards
of failed companies”.
The main generator of all change occurrences
is inexorable transience which represents the light
theme in drama of human progress, human development, expansion of its knowledge, its corruption and its partial redemption [12]. Our civilizations parish: chiseled stone, written word, a heroic
act, everything is fading in our memory and ultimately fades away. The day will come when our
race is going to disappear from the face of earth;
this house, our planet Earth will one day become
inconvenient for human survival, because Sun is
changing and also aging according to Robert Oppenheimer – the father of the atomic bomb. This
is why Serbia’s model for all change processes
must originate from reality based on transience.
Building the model of changes based on nostalgia and whishes would be wrong because our ultimate vision of the future must be based on reality. Speed and complexity of change powers are
huge and terrifying for our business entities. Also
it represents the biggest challenge for the futuristically oriented business people in the 21st century.
However, if we are not ready to welcome these
challenges then we can only blame ourselves for
new troubles and disasters. And that’s the main
problem that most of our businesses encountered
and still encountering as it is simply “forgotten “
that the driving force are laws of economy and we
must obey to them all the time not the vice versa.
Companies that obey those laws voluntarily and
change themselves – prosper. Those who try to
subjugate laws of economy – disappear. This attitude served to Jack Welch when he said:
“There is no dilemma: heroes and the winners
of the nineties were the companies that have been
enjoying changes instead of being frightened by
them”.
The process of initiating and implementing
changes is neither easy nor pleasant experience.
We should not forget that “nobody likes changes, except babies when their diapers are being
changed”.
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Resistance to change is normal and people resist changes1 especially in their working environment as McCormack claimed [9]. They want that
the company they work for maintain its current
look for the next five years.
Therefore, Phillip Crosby claims that “in order
to successfully implement changes in some companies you’ll need complete brain transplantation” [10]. This is why the conditions in our country require answers to following questions:
1. what changes to implement, and
2. how to implement them
Of course, a fundamental assumption for the
success of that need is that the answers of today
must be different than those of yesterday. If someone ignores the dialectic and ask where the need to
change does come from, he can find the answer in
the following anecdote: Former student comes to
his professor who was his mentor during his study
on graduate work. After a short conversation former student asked professor if he can show him the
test questions for the current students. After he had
seeing the questions he asked: “Professor, the questions have not being changed for 10 years since I
graduated”? “Yes, my dear colleague you’re right”,
he replied. “Questions are always the same. The answers are the one who are changing”.
3. Destructive and progressive changes
“Everything is subjected to change
except our way of thinking.”
In accordance with everything that’s previ1 The stubbornness and the causes of resistance to change

are best illustrated in the next example from the history of
science: Galileo Galilei had a fierce debate with an opponent
of Copernicus’s theory of the world when he tried to convince
him that Copernicus was right. When he exhausted all his
rhetorical skills and at the same time didn’t accomplished
anything Galileo urged his opponent to approach the telescope.
- Why should I approach the telescope, he said to him.
- Well, when you look through the telescope and see with your
own eyes the movement of celestial bodies it will assure you
that you are not right.
- No, thank you, but I will not.
- But why? - Galileo was persistent.
- I will not, because I might get into a situation which will force
me to change my conviction, he replied.
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ously said many tend to say – Changes and only
changes even if they’ll lead to worse. Therefore,
changes and their pace which cannot be affected
have become burden for many people today, but
none the less burden for the very same people is
also acceptance pace of those changes. Both dilemmas can be affected only:
1. by understanding and accepting the
continuity of changes as an imperative of
survival, and
2. by lightning response of the business
entity to these changes and by doing that
neutralizing infertile actions and facilitates
the probability of successful step into the
future or the creation of the development
vision for the final outcome.
In conditions of permanent changes the dominant
position is given to the Schumpeter’s innovator who
produces ideas and also catalyzes changes because
technological innovation becomes the key element
of structural adjustment and technological changes
are happening rapidly [9]. Given the fact that in the
future we can expect more rapid transformations of
technology because its overall growth is extremely
fast, ability to flexibly adapt to the change will affect
even more to the acceleration of economic development, and also to his deceleration.
Starting with the axiom that every innovation
is change and that not every change is innovation
it is possible to classify the changes into (1) destructive – changes to the form, and (2) progressive – changes based on innovation. Attributes and
the environment that generate destructive changes
are: orientation to the present (avoiding responsibility, “live for today”, psychological addiction to
gambling, alcohol and drugs); a negative attitude
toward work (work is necessary evil, “wise man”
should avoid work, dishonest mentality); unethical (loss of trust, indifference to reputation and to
the given word)2; pessimism (no hope for the future, the future cannot bring us the prosperity); apathy (the work is not a goal, the work is not in the
basis of life, national pride is irrelevant); escape
from reality (breaking the contact with the world,
2 Japan has the lowest number of lawyers in the world, because

the promise is more important than any contract. There is
simply no work for lawyers.
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not accepting the world standards, withdrawal to
the imaginary world of dreams, cults and magic).
Table 1. Causes of changes
Destructive
changes
Tolerance of
disorder
Plunder of the
citizens
Stimulation of class
exploitation
Tying of foreign
exchange
Neglecting the
public services
Excessive usage of
laisser-faire
Excessive spending
Excessive control
Engaging in
expensive wars

Progressive changes
Maintaining the functioning
of public services
Impact on the individual
attitudes
Forming of economic
institutions
The impact on resource
usage
Impact on the resource and
income allocation
Control of money quantity
Fluctuations control
Ensuring full employment
Impact on the level of
investments

On the other hand, attributes and environment
that generate progressive changes are: future orientation (acceptance of responsibility, orientation
toward the long-term goals); a positive attitude toward work (desire for success, desire for problem
solving, desire for acquiring new knowledge and
skills, working results are curtail); the presence
of ethics (trust, reputation, reliability); optimism
(hope for the future, the future can bring prosperity); motivation (national pride is very important,
development is the goal, work is the purpose of
living); orientation to reality (contact with the
world, ability to solve problems, rational solutions, control of sensation).
The causes of destructive and progressive
changes according to Arthur W. Lewis are given
in Table 1[8].
Benefits gained by progressive changes or by
changes based on innovation are best illustrated
by the claim that “enterprise has two – and only
two basic functions: marketing and innovation.
Those two produce results. Everything else can
be categorized as cost.” Probably this is the reason why our business people are asking the question “what kind of innovation as a change driver
we need and what innovations are most suitable
for Serbia in this moment?” Some think that we
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need small innovations while others think we need
medium or large ones. There are even those who
believe that we don’t need them at all. Formal answer to this question is essentially given in the following “story” from the Japanese experience. It is
known that until 1965 Japan had almost no asphalt
roads outside of large cities, and those roads were
needed for planned expansion of car production
and also for the normal use of increasing number
of cars all over the country. The fact was that Japanese government concluded that the construction
of new roads would take a minimum of 20 years,
so they found the solution in paving the old (existing) roads dating back from 10th century originally
made for oxcart. The main characteristics of these
roads were small width – they were wide enough
just so that two cars can barely pass each other,
lots of dead ends and crossroads. In such conditions traffic accidents have become more frequent
and thereby causing growing concern with Japanese. Press, radio and TV, so as opposition parties
in parliament were desperately demanding from
government “to do something”.
They launched public campaign which was
aimed at drivers and had a goal to make them more
aware about the risks of dangerous driving in order to make them drive more carefully. But campaign did not yield in any result. In such situation of
“creative impotence” rapid response to the current
problem was provided by a young Japanese inventor – Takashawa. Simply put, he solved the existing
problem by innovating external reflective mirror.
In fact, the mirror reflected the light of incoming
vehicles into the opposite direction of the source.
Huge problem, almost no need for situation study,
“small innovation”. The final outcome of Takashawa’s innovation was dramatic reduction in number
of accidents and thereby an incredible result was
achieved. In this moment, when our economy lacks
in capital, we need such innovations. Why is so important for Serbia to implement some innovation
based changes as soon as possible? Well, of course,
because of all the great benefits they can bring to
our business system. For example, in Coca-Cola,
benefits brought by innovations as well as strategies which started them are measured by following format: “Innovation is the way of conducting
business by those companies which are prone to accept new ideas, changes, risks and failures”, and big
2010

money is not prerequisite for success. Sitting in one
room, three capable people are sometimes able to
come up with 40 good new ideas in just a few minutes. But the real challenge is ensuring the flow of
these ideas across marketing and all the way from
manufacturer to consumer. The idea must be implemented and proved on the market. “A good idea is
a fragile material and just like the burning matches
they can be easily extinguished by the cold wind
and a tough management.” On the other hand, the
Japanese quality model couldn’t be that much successful if it wasn’t accompanied by a large number
of innovations.3
So, in a more turbulent and faster environment
an innovation becomes the dominant of success
and necessity as well. The one who doesn’t have
it – loses and disappears. Innovation leads to accelerated cannibalism of the products who have
reached maturity phase of life-cycle. It also subtracts the projected profit. It is very important to
emphasize that many people make mistake when
trying to improve the innovation of production
by accelerating the innovation process without
changing organization structure and culture. The
most important thing for the top management of
the company is to understand these things. Because, the main flaw lies in the fact that all important innovations requires radical changes, and existing organizations are usually opposed to these
changes. If a company wants to use innovation as
a competitive weapon, and to be more innovative
than its competitors, then it has to ensure and to
accelerate the process of changes and also to cre3 It explicitly and implicitly confirmed by one of the leading

quality guru WE Deming when he says: “There are few people
who remember vacuum tube-lamps [11]. Once the radio device
depended on vacuum tubes. The radio with eight lamps occupied
biggish space. The radio with nine tube was better than the one
with eight, but occupied more space. Manufacturers of vacuum
tubes were increasing the power of tubes and reducing its size from
to year. The customers were satisfied. However, further work on
improvement of vacuum tubes was lost and became invain when
Will Shackley came from the Bell company with his work on the
diodes and transistor effect, which led to the creation of integrated
circuits. Users of radio device based on vacuum tube soon began
to buy “Shackley’s radio devices.” Thus, although the factories of
radio devices based on vacuum tubes were taken into account as a
model of effectiveness, communication, good relationships with
suppliers, and labor skills were excellent, they would fail if they
have continued with the production of radio devices based on
vacuum tubes by improving their quality, because such product
has lost his market. The life cycle of products is still crucial, and
thus the innovation.
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ate an innovative climate and to be able to manage existing staff creativity. Those are the terms
of company’s change into an innovative one, and
– unique products, coordination of technological
development, strategic management of technology are becoming trademarks of these companies.
When we succeed in this, then all discussions
about what the types of changes we need will become redundant and boring.
4. Research results about our (non)
creativity
“It is much more important to do the right
things then doing things the right way.”
First, we must approach this subject by determining our position in terms of creation and implementation of progressive changes, and therefore we must determine the state of innovation of
our business subjects.
Because innovation just as everything else
means nothing by itself unless it’s not measured,
because without quantification it is impossible to
know whether the innovation is successful or not?
The research entitled “Survey of the attributes
that determine innovation of business entities”,
which I conducted in collaboration with the Zrenjanin Technical Faculty “Mihajlo Pupin” provides
one possible answer to the question:
In what extent are Serbian business entities innovative when quantified?
Survey questionnaires 1 and 2 were used as research instruments. All domains were determined
with 1, 5 and 10 points from the bottom up, except
the attributes of investment in innovative activity
which was determined with 1, 30 and 50 points
because of its great importance (Survey questionnaire 1), and the ranking of relative importance of
the attributes was determined with numbers ranging from 1 to 10 (Survey questionnaire 2).
Simple, direct and non-suggestive formulations were used to create the questionnaire, applying the method of shortened scale of Likert’s type
with three or more choices to express more or less
consistent continuity.
The research was conducted in two directions
in order to:
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a. obtain the answers, and thereby the results
related to the domain and the ranking
of importance of those attributes which
innovative (abstract) business entity should
have (34 respondents), and
b. obtain the answers, thereby results related to
the domains and the ranking of importance of
those attributes which innovative (abstract)
business entity should have (34 respondents
who were treated as members of the same
business entity).
Respondents in this survey were all kinds of
management experts, university professors, managers of the companies, different specialists: engineers, economists, sociologists, psychologists,
– and with this kind of variety multidisciplinary of
research was fulfilled.
Probability of error occurrences was limited
in this research by organizing the survey into two
questionnaires (first – that refers to the selections
of attribute domains, and second – which deals
with ranking of those attributes).
Attributes that were rated in the research are:
attitude toward risk, image, external communication, internal communication, capabilities of top
management, organizational changes, marketing
orientation, motivation, computer usage, flexibility, investments, quality, creativity, amount of
ideas included and used in the research and development as well as selection of these ideas.
Risk assessment of the accuracy of gained research results had following limitations:
–– sincerity of respondents,
–– respondent’s interest in the survey
–– motivation, and
–– respondent’s belief that evaluation of innovation is useful for business entity.
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Survey questionnaire 1.
ATTRIBUTES

1st

Motivation of top
management

2nd

Marketing orientation of the
company

3rd

Ability of top management

4th

Internal communication

5th

External communication

6th

Company Image

7th

The flexibility of the
company

8th

Top-management’s attitude
towards risk

9th
10th

Investment in innovative
activity compared to total
revenue
The application of creative
techniques for generating
ideas in IR

11th

Character of ideas

12th

Moderated model of idea
selection

13th

Number of ideas in IR

14th

Number of implemented
ideas in IR

15th

Usage of computers in
business management
system

16th

Quality System by ISO
9000/2000 standard

17th

Organizational changes

18th

Commission for Innovation
SUM:
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DOMAINS
unsatisfactory
partial satisfactory
satisfactory
don’t exist
sometimes
don’t exist
low
medium
high
unsatisfactory
(Un) satisfactory
satisfactory
unsatisfactory
(Un) satisfactory
satisfactory
unrecognizable
recognizable
recognizable and appealing
small
medium
great
does not accept
accept
prone
below the average level
at the average level
above the average level
don’t exist
sometimes
always
don’t exist
inertial
imitation
offensive
don’t exist
sometimes
exists
small
mediocre
great
small
mediocre
great
infancy
medium
great
no
in progress
yes
not planned
conducted when necessary
planned and implemented
don’t exist
exists on paper
exists and has the effect of

The average value of
attribute scores of the
innovative company
(SRIN)

The average value Relationship
of attribute scores of
(SRPKI /
existing companies
SRIN)
(SRPK)
I1

9.26

5.95

0.6425

9.56

6.80

0.711

8.25

6:30

0.764

9.56

5.80

0.61

9.12

7.16

0.785

7.94

5.95

0.75

9.41

4.93

0.5239

6.32

5.69

0.9

40.58

20:34

0.5

8.10

3.59

0.443

8.10

5.69

0.70

9.12

3.63

0.4

8.68

3.63

12.42

7.53

3.37

0.4475

9.71

4.74

0.488

8.56

3.89

0.4544

7.65

5.37

0.70

8.30

2.59

12.31

182.6

105.43

0.58
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Survey questionnaire 2.

Attribute

The average value of
attribute scores of the
innovative company
1-Lowest, 10 highest
(Rik)

The average value
of attribute scores of
existing companies
1-Lowest, 10 highest
(Rpk)

Relationship
(RIK / RPK)
I2

1st

Motivation of top management

9.47

6.63

0.7

2nd

Marketing orientation of the
company

9.06

5.89

0.62

3rd

Ability of top management

8.50

5.89

0.63

4th

Internal communication

8.60

6.05

0.7

5th

External Communications

8.70

6.30

0.724

6th

Company Image

8.90

7.15

0.8

7th

The flexibility of the company

8.80

6.00

0.68

8th

Top management’s attitude
towards risk

7.74

6.00

0.775

9th

The application of creative
techniques to generate ideas

7.91

5.53

0.7

10th

Character of ideas

8.60

5.53

0.64

11th

Investment in innovative
activity

9.15

6.10

0.67

12th

Moderated model of idea
selection

7.71

5.58

0.734

13th

Number of ideas in IR

8.8

5.58

0.63

14th

Number of implemented ideas
from IR

8.7

6.95

0.8

15th

Usage of computers in
business management system

9.02

5.05

00.56

16th

Quality

6.97

5.42

0.78

17th

Organizational changes

7.88

5.42

0.69

18th

Commission for Innovation

5.44

2.89

0.531

SUM:

149.95

103.96

0.67
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Picture 1.
Different techniques were used in order to make
some contacts: telephone interview, questionnaire
in forms of letters, private interviews, and group
interviews.
One creative technique which encourages intuitive thinking was used in this research to collect
information – brainstorming. This method for information collection known as brainstorming was
chosen not only to generate strong ideas for new
products or their promotion but it is also suitable
for the creation of company’s future, directions of
development and so on. And what is more important – it is extremely cheap.
Single assessment method was used to collect
information through the survey questionnaire applied on the sample of management experts. So,
the survey was conducted with the variety of management experts – university professors, company
managers, specialists in various fields: engineers,
economists, sociologists, doctors etc. – and with
this kind of variety multidisciplinary of research
was fulfilled.
It is interesting to point out that this survey was
facing the great resistance of the respondents employed in the state owned companies who were
usually blocked during the survey. Quoted reasons
for the resistance were fear, indifference and apathy, and very often they were blocked by information relating to their first and last name and the
name of the company. Usually the resistance was
explained by the argument “What if my superior
finds out?” This attitude is hard to explain because
all respondents were familiar with the fact that the
2010

survey was completely confidential. Lack of ability to answer the questions and to understand the
survey was also very present, with the remark “We
have never done this before”.
On the other hand, this survey was accepted and
conducted smoothly with the people employed in
private companies. All respondents had opinion
that such research is very useful. Instead of fear,
respondents completed their questionnaires freely
and they were not interested in the fact whether
this survey was confidential or not. They didn’t
cared for the possibility that their “superior” might
find out what was their opinion noted in the survey. The results of the research related to the domains and to the ranking of attribute importance
shows low capabilities of innovative companies in
Serbia (Picture 1.).
5. Conclusions
“In the future the one who doesn’t know how to
read
will not be considered illiterate,
but the one who didn’t learn how to learn will”.
Based on the results of conducted research it is
possible to draw the following conclusions:
1. The only remedy to achieve progressive
changes or to “escape” from the negative
present state of innovation in our country
is the “new” education or the knowledge
produced by it. Based on the literacy
research conducted in Serbia4 we can say
that reasonable need for such knowledge
exists and that the results on innovation
state were quite expected and concerning. In
4

The data shows that in Serbia there are 50% of the population
functionally illiterate, reffering to those who are unable to
read and understand a text. It also means that such people are
not inclined or able to compare information, and are not prone
to doubt, because common sense opinion is based on nonquestioning, the “model“ known as: „everything is taken for
granted.” More detailed statistics show that in Serbia 9.5% of
the population is without any school education, 33.3% with
incomplete school education, 25% completed elementary school,
32.2% completed high school, 3.8% completed higher school
and 5.5% have completed university. About the number of those
who possess a master’s degree or doctorate we know very little.
The most common opinion about their knowledge is that it’s
considered superfluous or necessary to “someone out there.”
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fact, there is a general and established belief
that the knowledge is becoming not just the
irreplaceable but also the leading factor of the
development. Therefore, he claims that at the
early beginning of the 21st century developed
countries will enter a period of transition
from information to knowledge-intensive
societies and economies. As far as we now
know we can claim that quite a noticeable
number of countries will invest great efforts
in transition from material to information
intensive economy and society in the early 21st
century, while other also noticeable number
of countries will continue their spasmodic
struggle with the problems of the agricultural
and traditional industrial development.
		 There are some naive claims that education
is necessary and sufficient condition for
the country to develop its economy and
society structures based on the knowledge
as an essential factor that ensures a profit.
Of course, this can’t and will not be
truth, because if society wants to base its
development solely on knowledge it is
necessary for its population to be modern
and highly educated and besides that it
is necessary to provide some other, also
significant and irreplaceable conditions.
The fact is that presence of computers does
not guarantee that economy and society
of some country will become information
intensive or the material wealth doesn’t
guarantee country’s developed traditional
industry, the same way highly educated
people can be drowned and lost in the labor
which is little or not at all based on modern
knowledge. It is well known that really high
level of education of significant part of the
former Soviet Union population was and
still is the only available and under-utilized
development resource which was not
capable of generating profit.
		 Modern schools of all types are needed just
like “daily bread” but also, even more than
this “daily bread”, modern and developmentoriented political, social, economic and
institutional systems are needed. Without
this, metaphorically speaking, “we will
see computers everywhere around except
470

in the economic statistics” as R. Soloviev
described what is called productivity
paradox, and also – the inability to generate
profit.

Picture 2.
		 Therefore the “new” education must
ensure proportionality between quality and
productivity of employees to amount of
necessary knowledge that they absorb. For
a while we are familiar with the theories of
knowledge’s half-life and the fact that “the
future does not belong to those who know
but to those who want to learn”. These
were the conditions in which the organized
process of permanent education was
created. This process provides mastering of
those skills and knowledge that are needed
and which can be quickly applied, or the
same knowledge which produces the safest
and expected results when applied (number
of employees – per thousand – to continue
education and training parallel to their work
is given in the Picture 2).
This requires the recognition of those education institutions that are based on the principles
of entrepreneurial activity and that means:
1. anticipate all the changes that are possible
to happen;
2. intensive monitoring of everything “that is
happening”;
3. marking the areas which are the carriers of
the development;
4. adaptation of education according to the
previous statements;
5. ensure overall development of the economy
using education, raising work productivity,
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efficiency and the rationality.
Programs of education institutions based on entrepreneurial principle have a goal to develop skills
which are important for those people who wants to
respond to all the challenges who are dominating
the business scene today, such as: (a) the ability
to work in conditions of world economy; (b) integrative skills; (c) multidisciplinary thinking; (d)
the ability to motivate the staff; (e) the ability to
propose new business approaches and strategies.
Although many objections can be directed to
this approach by conservative people, it represents
the most efficient form of action in education, and
the knowledge gained in this way is definitely
the knowledge needed for the future and for the
“new” development. Therefore it is the only cure
for achieving progressive changes – the changes
based on innovation.
2. 	Quantification and classification of innovation attributes is an imperative if we want to
skip the border which separates successful
from unsuccessful innovations and the first
step to any business entity which serves as
the instrument of orientation and the only
answer to the question: How to survive,
grow and develop further?
3. Classification and quantification of innovation attributes to main, important and less
important, and setting the model for evaluation
of innovation of business entities - possibility
was created for top management to:
–– rapidly assess the existing innovation,
and
–– decide on appropriate steps to its
improvement.
Determining the indexes of the innovation attributes and the indexes of innovation the current
percentage of these parameters in Serbia were
quantified and defined.
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Abstract
For transport purposes a great amount of fossil fuels is exploited which represents the biggest
threat to global warming and the realization of
sustainable development concept. European Union is trying to implement and plan this concept on
the entire European continent. In order to manage
the sustainable development strategy, it is necessary to conduct an all-inclusive analysis of the current state and depending on the results, set some
goals and define the activities that will make their
realization possible. This research is based on the
analysis of the waterway transport on Danube
River and its aim is to point out the facts, based
on which it will be possible to predict further directions of sustainable transport development on
the most important waterway of Europe. The research indicates the basic rules of European politics of sustainable inland waterway development.
The River Danube is considered to be the backbone of water transport in Europe. It connects, via
Rhine – Main Canal, Western Europe and Rotterdam harbor with the Black Sea, that is with Russia and the East. The authors also analyse the data
about the use of Danube waterway for transport of
goods This research covered a short description of
Danube, the analysis of Danube fleet, the analysis of the amount of transported goods as well as
the analysis of load and unload of goods. The re472

search covered these points in the period starting
from the year of 1950. Based on the result analysis
the authors arrived at a conclusion that the use of
River Danube for waterway transport purposes is
unsatisfactory and that as such cannot be sustained
in long term. Also, the research points to the basic
European initiatives and investment projects in the
field of river transport which is in implementation
stage. Considering the basic regulation documents
and research results, the authors present an overview of measures and suggestions for efficient
management conducted so far, development of a
unique information system and promotion of Danube waterway, which will lead towards long-term
sustainable development transport on Danube and
so it will stimulate a stable and sustainable development of all countries and regions in Europe.
Key words: sistuinable development, transportation, promotion, protetcion
Sažetak
Za potrebe obavljanja transporta eksploatisu
se velike količine fosilnih goriva, što predstavlja
najveću pretnju za globalno zagrevanje i realizaciju
koncepta održivog razvoja. Evropska Unija nastoji da isplanira i implementira koncept održivog razvoja na citavoj teritoriji kontinenta. U cilju usmeravanja strategije održivog razvoja, neophodno je
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sprovesti sveobuhvatnu analizu postojećeg stanja,
te na osnovu dobijenih rezultata, postaviti ciljeve i
definisati aktivnosti koje će omoguciti njihovu realizaciju. Rad je usmeren na analizu dosadanjeg vodenog transporta na reci Dunav, sa ciljem uočavanja činjenica, na osnovu kojih će se moći predvideti dalji pravci razvoja održivog transporta na najznačajnijem vodenom putu Evrope. Rad ukazuje na
osnovna načela evropske politike razvoja unutrašnjeg vodenog transporta. Okosnicom vodenog transporta u Evropi smatra se reka Dunav koja, preko
kanala Rajna-Majna, povezuje zapad Evrope i luku
Roterdam sa Crnim morem, odnosno sa Rusijom i
istokom. Autori analiziraju podatke o iskorišćavanju vodenog toka Dunava za potrebe transporta robe
i putnika. Istraživanje je obuhvatilo kratak opis toka
reke Dunav, analizu dunavske flote, analizu kolicine prevezenog tereta, kao i analizu pretovara u lukama na reci Dunav. Istraživanje prati promene u
navedenim parametrima od 1950 godine. Na osnovu analize rezultata istraživanja, autori dolaze do
zaključka da je korišćenje reke Dunav za potrebe
transporta nezadovoljavajuće i kao takvo, dugoročno neodrživo. Takodje, rad ukazuje na osnovne
evropske inicijative i investicione projekte u oblasti rečnog saobraćaja koji su u fazi implementacije.
Na osnovu osnovnih regulatornih dokumenata i rezultata iztraživanja, autori daju pregled dosadašnjih
mera i predloga za efikasno upravljanje, razradu jedinstvenog informacionog sistema i promociju dunavskog plovnog puta, što doprinosi dugoročnom
održivom razvoju transporta na reci Dunav, te utiče na stabilan i održiv razvoj svih zemalja regiona i
Evrope u celini.
Ključne reči: održivi razvoj, transport, promocija, zaštita
1. Introduction
Development of agriculture and energy together with demographic growth and environmental problems has rendered international relations
important. Economic development is favoring
developed countries and putting the developing
countries in a more difficult situation than ever.
The fact that almost 75 % of international trade
is among developed countries, constitutes an evidence of the economic difficulties faced by devel2010

oping countries. [1]: It is obvious that abuse of the
natural environment in various forms in developed
countries for further development and in developing countries only for survival, has a negative impact on sustainable development.
Globalization process that leads to the New
World order of our times, has an economic, ecological and political content in line with the functions undertaken. The global system hinges upon
national and international actors as well as the
compromise among them. In this framework, environmental problems went far beyond the borders
of any country, region and local areas and thus had
an impact on the world as a whole, globalizing the
responsibilities to a wide extent.
Industrial production receives constant support
by giving rise to the need for energy and water
which constitutes a global problem. In this context,
in order to sustain socioeconomic development
and improve quality of life, it becomes inevitable
to consider natural environment as the sole capital.
Therefore, the key to ensure sustainable development and economic viability of environmental resources is to integrate environmental values and
costs into economic decisions and policies.
In traditional sense, we can talk about air, land
and water transport. Water transport is considered ecologically most acceptable for several reasons. Above all, in order to carry out water transport, natural waterways (rivers, canals, seas and
oceans) are used, with the use of some waterways
whose purpose is to shorten the distance during a
certain trip. Another point is that, while conducting a water transport, many modern high-capacity
means of transport are used and they allow heavy
load transport. Apart from all of this, these means
of transport can use ecologically acceptable fuels,
especially biodiesel and its blends. Water transport, if conducted properly, does not jeopardize
environment too much, it does not create waste,
it does not create much pollution and it does not
harm the view of the landscape, which can entirely
retain its characteristics. Lastly, it is important to
say that the economists today completely agree
on one thing – water transport is absolutely the
cheapest way of transport nowadays.
It has been estimated that around 30,000 kilometers of rivers and canals are running through Europe. They are evenly distributed in all European
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countries. Besides, in Europe there are some canals
which were build on purpose and which connect
north and south, east and west, Europe, Asia and the
rest of the world. European rivers provide homes
to some of the biggest and most developed capitals
and cities. These areas are also famous for being the
most developed ones and the most inhabited ones.
In spite of favorable natural conditions, in the EU
countries, water transport covers only 5.6% of total
land transport in those countries. In the most developed European countries (which belong to Rhine
region) water transport is constantly decreasing.
From 12% in 1970 to 7% in the year 2000. At the
same time, the total transport increased for 18% in
the period of 30 years.
In order to promote the total transport, European Commission passed a so-called White Paper
‘’ European Transport Policy for 2010: Time to
decide’’ by which Europe declares its willingness
to intensify river transport as an economic, efficient, reliable and ecologically acceptable way of
transport [2].
All countries that are on Danube flow have
marked a significant degree in economic development. Ninety million inhabitants live in the Danube region and they produce a Gross Domestic
Product ( GDP ) of around 450 billion euro. Based
on the predictions made by BMVIT and European Commission, the average growth rate degree
in some countries of this region could happen in
the period between 2010 and 2015 and it could be
considered extremely favorable. Namely, all Danube region countries will show growth of GDP.
This growth is predicted to be of 2.2% per inhabitant in Germany and even 4.9% per inhabitant
which is expected in Croatia. This positive trend
will impose the need for more intense and for a
better organized river transport on Danube [3].
This paper analyses how international policy
has affected the Danube shipping industry during
the dramatic events and changes of the past years.
The purpose of the paper is to set out policy options for riparian states, the European Union and
other international bodies with regard to increasing traffic on the River Danube. Strengths and
weaknesses of current policy are detailed and proposals for future policy direction put forward.
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2. The current situation of riverine
environment in the Danube river basin
Sustainable development, as a global development concept, represents a multi-dimensional phenomenon and it includes many different indicators
of human activities. When trying to view such a
large concept it is necessary to individualize, measure and follow the movement of those indicators
that are considered the most important and the
most influential from the point of view of sustainability of future development. In certain number
of cases, big changes in values of some indicators
do not have a significant influence. However, indicators that show the state of the field which is
exploited and use of energy belong to the group of
the most important indicators of sustainable development in general [4].
In all fields of human activity, certain forms and
amounts of energy are used in different ways and
with a different efficiency degree, which depends
on a big number of diverse factors. Anyhow, theory
and practice show to the fact that transport in general is absolutely the biggest energy consumer and
contributes to pollution in biggest amount [5]. That
being said, a lot more attention needs to be devoted
to consideration and implementation of solutions
that will lead us to the lower energy consumption
and lower exploitation for transportation needs.
For transport purposes a great amount of fossil fuels is exploited which represents the biggest
threat to global warming and the realization of
sustainable development concept. European Union is trying to implement and plan this concept on
the entire European continent.
The River Danube is considered to be the backbone of water transport in Europe. It connects, via
Rhine – Main Canal, Western Europe and Rotterdam harbor with the Black Sea, that is with Russia
and the East.
The legal framework for navigation and environment issues in the Danube river basin includes
international conventions between countries as
well as relevant EU law, policies and actions plans.
The work of the International Commission for the
Protection of the Danube river (ICPDR) is based
on the Danube River Protection Convention [6]
as the major legal instrument for cooperation and
transboundary water management in the Danube
2010
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river basin. The ICPDR is a transnational body,
promoting policy agreements and setting joint priorities and strategies for improving the state of the
Danube and its tributaries.
For the Danube River, the Convention regarding the Regime of Navigation on the Danube
(Belgrade Convention) forms the framework for
governing navigation between 11 Member States.
The Convention, which is coordinated by the Danube Commission, aims to strengthen economic
relations in the region and addresses the need for
maintaining the entire Danube navigable.
In addition several EU policies build the legal
framework for water and river basin management
in Europe, with the EU Water Framework Directive
2000/60/EC (EU WFD) as most significant regarding the protection of surface waters and groundwater. This includes a requirement for the development
of the first river basin management plan for the entire Danube river basin by 2009. By 2015 the main
environmental objectives of the Directive have to be
achieved by the implementation of the programmed
of measures, which inter alia address hydro morphological alterations caused by navigation.
The European Action Programme for the Promotion of Inland Waterway Transport NAIADES
sets an important frame for actions. These include
a better integration of IWT in the logistic chain,
improving the environmental performance of the
fleet and using modern information and communication technologies to improve navigation. An
essential element of the NAIADES Action Programme is developing adequate waterway infrastructure. Projects aiming at the improvement of
the waterway and transshipment can therefore be
co-funded from the EU budget. The Danube is
part of a priority project (N0.18) under the TransEuropean Transport (TEN-T) guidelines and presents the central transport axis.
At a wider scale the European Agreement on
Main Inland Waterways of International Importance lays down guidelines for the navigability
characteristics of inland waterways carrying international traffic. This international agreement has
entered into force in a number of Danube countries.
The implementation and integration of all relevant policies is crucial for an appropriate development and the achievement of the environmental
objectives in the Danube river basin.
2010

2.1. Highly dynamic nature of
environment in the Danube river basin
Large river systems such as the Danube are
highly complex, multidimensional, dynamic ecosystems and thus are much more than just longitudinal channel networks. The Danube River can be
divided into three main parts – the upper, middle
and lower stretches. Each part is characterized
by different biotic features, hydro morphological
structures and biological communities. A biotic parameters include gradient grain size, sedimentation,
turbulence, oxygenation and water temperature.
“Hidromorphology” is the physical characteristics of the riverine structures such as river bottom, river banks, the river’s connection with the
adjacent landscapes and its longitudinal as well
as habitat continuity. Anthropogenic structural
measures can modify a river system’s natural
background conditions and therefore influence its
ecological status. Numerous other factors add to
the complexity of large river systems. For example, natural disturbances and associated sediment
transport variations are among the key elements
that constitute the basis for the highly dynamic nature of riverine landscapes and their biodiversity.
River ecosystems can have relations and exchange
processes with adjoining ecosystems. Complex
natural driving forces and exchange processes
result in frequently changing connectivity conditions and an especially heterogeneous habitat
complex. The most important consequence of the
ever-shifting mosaic of river habitats and ecotones
is that natural riverine environments generally feature outstandingly high biodiversity.
Unlike to many other European rivers, certain
sections of the Danube and its tributaries are still
home to very typical, natural and dynamic habitat
complexes, which are essential for many species.
For example, they include the presence of habitats for many important and almost extinct species
such as the Danube sturgeon and Danube salmon.
The EU Habitats Directive enables Member States
to designate such areas as protected, in order to effectively protect, restore and prevent the deterioration of these remaining features.
Human activities and uses affect the ecological and chemical status of large river systems in
various ways. From an ecological point of view
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navigation is not the only pressure, activities
such as hydroelectric power production and river
straightening for flood control are also significant.
Of decisive effect are river engineering measures
that impair the original hydro-morphological situation and/or the natural composition of ecological
communities. Navigation requirements can result
in a stabilized, single thread, ecologically uniform
river channel, lacking both natural in stream structures with their gentle gradients and connectivity
with the adjacent floodplains. In addition to other
hydro morphological alterations this might lead to
the loss of species.
In many large river systems riverbed degradation can significantly lead to severe ecological
impairment. Locally increased bed load transport
and consequent downstream output of bed material caused by channel construction for the improvement of navigation and/or flood control can
in many cases be intensified by a substantial reduction of the bed load input from the upper catchment. Since lateral erosion of originally braiding
or meandering rivers is limited by channel stabilization, these processes can no longer balance out
the natural aggradations of the alluvial floodplains.
Therefore, on the one hand riverbed stabilization
works and dredging can eliminate ecologically
important in – stream structures and lead to a uniform aquatic environment; whilst; riverbed erosion downstream of stabilization works can lead to
a vertical separation and hydrological decoupling
of the river from its floodplain habitats.
From the mechanical point of view, ship traffic
causes waves, which can disturb the reproduction
habitats of fish, benthic invertebrates, other biota
as well as de – root aquatic plants. Ship engines
can also cause an unnatural suspension of fine sediments, leading to reduced light for plant an algae
growth.
3. Balancing navigation and ecological
needs – future approach
The political and economic changes taking
place in East – and – South- Eastern Europe in
the last 15 years have created a dynamic emerging
economy in the region and generated needs and
perspectives for more trade and transport along
476

the Danube. The Danube area is one of the most
important economics and cultural regions in Europe with the Danube itself as a central lifeline and
transport axis.
Inland water transport, in comparation with
air and road transportation seen as more environmentally friendly and energy efficient, and can
therefore contribute to sustainable socio- economic development of the region. A multimodal
use of available transport possibilities (road, rail
and IWT) has to be ensured. Transport policies to
promote modal shift, as articulated for example in
the EU’s 2003 and 2006 Transport White Papers,
are driving a wave of proposals for investments
in waterway infrastructure, supported by the International Finance Institutions and the TEN_T programme of the EU. The modal shift policies are
reflected in the guidelines provided for selection
of projects and the appointment of a TENs coordinator for IWT.
3.1 Transport research on Danube River
Danube has been used for transport for a long
time, but the precise data about transport on this
river can be followed starting only from the year
1950, which was taken as the first year of the research. The final year of the research is 2005 or
2009 depending on the availability of the data.
The data for the last year have been given in the
form of an assumption, based on the movement on
Danube in the last period, with a goal to get a clear
and unique picture about character of transport on
Danube in this period of 60 years, which was also
the period of a strong economic development of
Europe. The research covered the analysis of the
following parameters [7]:
–– Description and analysis of the existing
fleet;
–– The amount and analysis of heavy load
transport;
–– The influence these characteristics had on
ecology.
The analysis of the data was made based on the
research results, and suggestions have been given
on how to improve the quality and quantity of traffic on Danube, to make its sustainable use possible
2010
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by giving a significant contribution to sustainable
economic and ecological development of entire
west, central and south-east region of Europe.
3.1.1. Danube fleet
The development of Danube fleet has been
monitored statistically since 1962. For the needs
of this research the authors had at their disposal
the data for the period since 1965, taking into account that some data are registered every 5 years,
so that the data for year 2010 were not yet available. The research shows that the number and the
power of the fleet has been increasing year after
year. The basic changes in the characteristics of
the fleet used on Danube in the period from 1962
to 2005 are the following:
–– The number of the entire fleet grew from
3,142 vessels in 1962 to 4,529 vessels in
2005 which represents growth of 144%;
–– The total heavy load which was transferred
by the Danube fleet increased from
1,807,219 tons in 1962 to 4,385,986 tons in
2005 which represents growth of 242%;
–– The biggest number of Danube fleet is used
in Germany, Austria, Romania and Ukraine.
The number of vessels in Serbia, Croatia
and Moldavia is for 5% lower than the total
number of vessels on Danube.
These mentioned growths point to the fact that
Danube fleet transports more and more heavy load
but not due to the bigger amount of vessels but because their capacity and operational power grow.
From the point of view of sustainable transport on
Danube this tendency can be considered extremely favorable, being that energetic efficiency could
be one of the key solutions to problems of energy
consumption today.
3.1.2 Heavy load transport
The volume of heavy load transport on Danube has been monitored since 1965 and it includes
the analysis of the amount of transported goods
and the analysis of traffic in harbors on Danube
River. The analysis in this field gave extremely
2010

precious data when talking about the possibility
of realization of water transport on this waterway.
Namely, the objective of this research is promotion and stimulation of efficient and ecologically
acceptable transport of bigger heavy loads by waterway. The amount of load has been monitored on
three different bases: the load which entered the
river’s flow from the Black Sea, the load which
used Danube to get to the Black Sea as well as the
load transported between Danube harbors without
reaching the Black Sea. By analyzing these data
the authors concluded that the transport on Danube in the last 40 years recorded 3 characteristic
periods, as shown in picture 1.

Picture 1. The total of heavy load transported via
Danube in the period from 1965 to 2005
First and foremost, this diagram shows that
the total amount of heavy load transported on
Danube increased 4.8 times in comparison to the
initial year, that is 1950. During this period, the
economic growth of some countries in this region
directly affected the increase in transport as well.
The growth registered each year reached its maximum in 1980 when a heavy load transport of 8
million tons was recorded. Such a high level of
transported goods has been maintained until 1990.
After that, there was a long period characterized
by sudden decrease in the volume of transported
goods, which is explained by the fact that transporters mostly used land transport. What brought
to this decrease was also the worsening of economic and political situation and changes in countries of this region which belong to eastern Europe
and in most cases they have accessed the process
of political and economic transition. After the sudden decrease, the transport on Danube started re477
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cording some growth which was, however much
slower so that in the last available year regarding
the data(2005), the traffic equal to the traffic of
1970 was recorded. Because of these reasons, the
promotion of Danube and sustainable transport
development on it are of extreme importance.
The biggest volume of goods was recorded with
the load entering the Danube through the Black
sea. Somewhat less amount of goods refers to the
goods transported between Danube harbors. The
least amount of transported goods is represented
by the goods which was imported from the countries of this region towards the Black Sea and further on. All this shows that in the past Danube, as
well as now, has been used as a river by which different goods is imported in Danube region countries, and it is mostly referred to raw materials and
unfinished products meant to be further processed.
The least amount of goods is represented by raw
materials or finished goods produced in the countries of this region and which are addressed to
markets outside of Europe. It is very encouraging
to see that transport among Danube harbors is well
developed. The sustainable development of Danube traffic and this region as a whole insists on
maximizing the use of Danube as means of road
which can, whenever that is possible, substitute
traditional land and railway traffic which represent
much bigger a threat to the quality of the environment of this densely populated part of the world.
The biggest growth in the amount of transported goods was recorded in Romania, where
transport increased 6.8 times respect to 1950. In
the same period, the transport in Austria also increased, 5.7 times. The lowest growth was noted
in Slovakia, 1.7 times.
Besides the general overview of transported
goods in this monitored period, the traffic in harbors situated on Danube was also analyzed. The
results of transport carried out in Danube harbors
from 1965 to 2005 was given in picture 2.
The traffic of goods in Danube harbors completely follows the tendency of transport on Danube in the monitored period. With the increase of
transport of goods, the traffic in Danube harbors
grew as well and it reached its maximum in 1980.
After that the traffic in harbors suddenly decreases
so that in 2000 it starts recording a new growth,
with the expected positive tendency.
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Picture 2. The traffic in harbors on Danube divided by countries for the period from 1950-2005
(thousands of tons)
The biggest traffic was noted in harbors in Germany, Austria, Slovakia and Hungary, whereas
the lowest values were recorded in Romania and
Ukraine. Taking into account that Romania and
Ukraine are as well the countries that have at their
disposal 40% of entire Danube fleet, these results
point to the fact that heavy load only travels through
these countries but does not stop in their harbors.
This situation opens the possibility for additional
engagement of Ukrainian and Romanian harbors
as a place for loading the goods produced in these
countries. For the moment Danube in Romania and
Ukraine has only a transition character. It is encouraging to know that traffic in Danube harbors in Serbia is increasing, even though it is a country with
the least developed fleet in comparison to the other
countries from this monitored sample.
The goods transported via Danube is very diverse. Mostly there are iron ore (25.6%), then
processed and unprocessed metals (22.7%), coal
(9.1%), oil and oil derivatives (8.5%), cement
(7.5%), grain goods (6%), processed metals of metal industry (5.4%), natural resources: wood (4.3%),
colored metals ores (3%), finished metal products
(2.7%) and the least transported goods is agricultural goods like fodder (1.6%). These data show that
Danube is not enough used for transport of agricultural products for no reason at all, especially given
the fact that Danube flows through almost exclusively agricultural regions and where the production of food represents the basis for export of food
from the countries of Danube region, above all for
Hungary, Serbia, Croatia, Bulgaria and Romania.
2010
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4. The promotion of inland waterway
transport – European policy
In accordance with regulations conducted so
far regarding the development of Europe, which is
supported by the results obtained after the analysis
of 60 years of Danube waterway, it is clear why
all European countries support the development
to intensify transport on Danube, certainly by respecting the concept of sustainability of transport
and development in general. Considering the fact
that Danube’s potential has not been used enough,
the new concept was defined as an all-embracing
basis for the promotion of inland waterway transport. The name of the project is PLATINA.
Realization of Danube waterway promotion
is connected to a lot of different problems which,
above all, refer to the different levels of economic and institutional development of the countries
through which Danube flows. The need for sustainable use of one river is possible only if all the
activities, whose primary objective is equalization
in position of some countries, are performed. Only
in this way will it be possible to see Danube as
unique, undivided and safe waterway, from source
to mouth of river. For that reason, PLATINA projects points out the following primary activities:
–– Establish a knowledge network bringing
together all relevant actors concerned to
assist in the implementation of NAIADES
in Europe (EC, Member States and third
countries),
–– Provision of technical expertise and support,
–– Provision of organizational, infrastructural
and financial support and
–– Platform deals with areas that require
non-legislative coordinative actions at the
European level.
These activities will be adjusted to the needs
of each country. In order to proceed with efficient
implementation of Danube promotion project, it is
first necessary that every country makes its own
personal action plan, which has to cover the following parts:
–– Improvement and maintenance of waterway
infrastructure
Each country that uses Danube waterway
2010

shows different quality of river and transport infrastructure. That being said, it is necessary that all
the countries be put in the state which will suit the
requirements of contemporary river transport [9].
–– Exploitation of Danube’s waterway potential
The results of this and similar researches confirm the fact that Danube’s waterway is not being
sufficiently used. Besides, the economic predictions of intensity regarding the economic development of Danube region in the following decades
shows that there will be higher growth in industrial development and that imposes the need for
more intense transport. Because of this, every
country needs to think of Danube’s waterway as
of one of the most dominant existing waterways
in the future [10].
–– Building capacity for waterway and
navigation authorities as well as for related
administrations
The development of administrative and institutional systems which provide support and which
intensify transport on Danube.
–– Implementation of River Information
Services on Danube
To create and implement the unique RIS system
in all the Danube region countries represents one
of the most important conditions for integration of
the region [11]. In this way, Danube’s waterway
will surpass international borders and it will represent the unique waterway whose users will be
able to use independent information and logistic
support, which is something that will contribute to
upgrading of the quality of sustainable transport.
–– Implementation of Transport Management
The implementation of contemporary transport management primarily refers to providing the
project with monitoring , control and navigation
systems by which it is possible to control the traffic, to prevent delays, to reduce the cost of fuel and
to reduce the cost of fleet maintenance [12, 13].
Besides fleet control, contemporary or modern
transport management provides some solutions to
the synchronization of harbors, load and unload
equipment, container services and it provides the
solution for bridges on Danube’s waterway.
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–– Modernization of the fleet
The results of the research show that there are
unfavorable characteristics when it comes to vessels used for transport on Danube. Especially worrying indicators of quality of the fleet are noted in
the lowest developed countries (Serbia, Moldavia).
It is necessary to proceed with adequate adjustments of existing vessels and with the purchase of
new vessels which according to their characteristics fit with modern day economic, transport and
ecological requirements. At this point it needs to be
said that all the countries in the region have good
conditions for production of biodiesel [14], which
is considered excellent when used in naval engines.
–– Development and integration of ecological
strategies and concepts for Danube River
Danube represents a unique ecosystem with
lower characteristics in some of its parts. Besides, some parts of Danube river bank represent
protected natural, cultural and historical places.
Sustainable development of transport on Danube
needs to provide preservation and improvement of
ecological maintenance of these regions.
–– Creation of an international traffic model for
the Danube region
It is necessary to analyze the existing infrastructure that is directly or indirectly related to Danube’s waterway. All forms of land transport that
are connected to Danube (roads, railways) have to
be considered a priority in terms of investments for
maintenance and for extending capacities. Also, it
is necessary to decide future transport corridors
which will connect industrial and agricultural capacities to Danube. Special attention needs to be
given to modernization of international transport
corridors, borders and customs free zones.
4.1 Applications and projects at work
across Europe
The realization of PLATINA project proceeds
via wide range of special projects whose goal is
to promote certain aspects of inland waterway
transport. All the mentioned projects are ongoing
and each of them affects the creation of sustainable transport on Danube, as well as on other wa480

terways in Europe. Due to the canal connection
of rivers Danube, Rhine and Main, these projects
cover almost entire territory of central, northern
and southern Europe. The developments of national stand-alone telemetric services, which vary
in functions, standards and architecture, brought
challenges to the current service regime. Some of
the existing applications are [15, 16]:
–– ARGO (Advanced River Navigation), a
German navigation system for inland waterway skippers. It provides data on the fairway
conditions and actual water levels in real time.
–– BICS (Barge Information and Communication System) is a voyage and cargo
(especially dangerous cargo) reporting
system used in The Netherlands, Germany
and other countries. The main aim of BICS is
to support the reporting duties of the skipper/
fleet operator towards the authorities.
–– BIVAS (Inland Navigation Intelligent
Demand and Supply System) is an internetbased interactive freight transport virtual
marketplace.
–– DoRIS (Donau River Information Services)
is an Austrian system that can automatically
generate traffic information by means of AIS
transponders. The tactical traffic image is
currently being tested for use by waterway
authorities and skippers. In 2005 the rollout of the DoRIS systems was performed on
the Austrian section of the Danube and the
operational test started in the beginning of
2006. Furthermore a subsidy program for RIS
equipment is being provided for accelerating
the penetration of RIS on the user-side.
–– VTS’s Rhine, Vessel traffic management
services are installed on the Rhine in two
difficult stretches: in the gorge section
reach around the Lorelei in Germany
with narrow bends and strong currents,
and on the meandering Lower Rhine in
The Netherlands with heavy traffic These
differing operational practices and facilities
in Member States reflect the current incompatibility of information systems, standards,
and installations. Legislative and technical
support for harmonized information services
at a pan-European level become more and
more necessary to guarantee the efficiency
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and safety for cross-border navigation and
logistics. This was one of the principal
motivating factors in the development.
Planned infrastructure projects:
–– Germany: Straubing – Vilshofen (Danube
km 2,321 – km 2,249)
–– Austria: Vienna – cross border section with
Slovakia (Danube km 1,921 – km 1,873)
–– Hungary: Palkovicovo – Mohacs (Danube
km 1,810 – km 1,433)
–– Bulgaria - Romania: Iron Gate II – Calarasi
(Danube km 863 – km 375)
–– Romania: Calarasi – Braila (Danube km
375 – km 1,75)
The number and volume of mentioned investment projects show that modernization of Danube
water way represents one of the most important
initiatives which lead towards economic and ecological improvement of the region, which is based
on sustainability and long-term stability.
5. The promotion of Danube waterway
The whole EU strategy is based on promotion
and realization of conditions necessary for development of countries in this part of the world as
well as all the activities conducted in them. Because of this, the special attention needs to be
given to changes in traffic field which at the moment represents the biggest pollution threat for
the environment. Based on the dimension of the
problem and complexity of traffic in Europe, an
all-inclusive sustainable development strategy,
which concerns, apart from the other things, intensifying of water traffic in European waterways.
These objectives are directed towards sustainable
development of traffic and they include complex
activities which have been going on for more than
20 years and therefore require special intensive
and efficient promotion [17]
In Europe there are many organizations which
deal with promotion of Danube waterway and
they have the same objective to make Danube an
intensive and ecologically more acceptable waterway in the future. If this balance of sustainability
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is reached, the stability in quality of Danube and
river bank area, as well as improvement of quality
of life of this area’s inhabitants is provided. Given
the importance of this problem and considering the
number and diversity of Danube region countries,
many governmental and non –governmental organizations follow and support the promotion of Danube waterway. Some of the most important are:
–– Danube Commission with headquarters
in Budapest, capital of Hungary, is at the
moment the most important international
organization which deals with regulation,
promotion and implementation of sustainable transport on Danube. This organization
consists of all the countries that can be
found on Danube’s waterway, including
Russia, which is connected to Danube via
Black Sea. The main source of finances of
this commission is the fund of all country
members.
–– UN Economic Commission for Europe,
Inland Transport Committee, the organization
with headquarters in Geneva, Switzerland.
The main goal of this organization is the
technical development on inland transport
as well as the development of laws and
regulations in this area. This organization is
financed by the UN.
–– European Conference of Ministers of
Transport gathers all the transport ministers
of all European countries whose objective
is the implementation of all sustainable
and ecologically acceptable forms of
transport on the territory of entire Europe.
The sustainable development of traffic
on Danube is one of the priorities of this
organization whose headquarters are in
Paris and is financed by European countries.
–– Transport Infrastructure Needs Assessment:
Corridor 7 is the association dealing with
the development of transport infrastructure
in inland waterways and it is financed by
the EU Commission for the development of
traffic. The headquarters of this organization
are in Vienna, capital of Austria.
–– Southeast European Cooperative Initiative:
Danube Transport Working Group is the
organization of Danube region countries
with headquarters in Vienna. This organiza481
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tion deals with the development of traffic on
Danube and it is financed by the EU member
countries and by the USA.
–– Stability pact for South Eastern Europe is
a special organization in the EU, founded
with the objective to support and provide
stable development of countries in this
region which were over the past years
exposed to a number of negative influences.
The headquarters of this organization are in
Brussels, Belgium.
–– Joint Austrian/Romanian initiative; Danube
Co-operation Process is an association
which stimulates the cooperation among all
the countries which are situated on Danube
waterway and its goal is to decrease border
issues and limitations. It is financed by
Riparian states, Stability Pact and European
Commission.
–– Via Donau is founded and financed by
Austria, with headquarters in Vienna. The
main goal of this association is improvement
in quality and long-term sustainability of
river traffic and implementation of RIS
system on entire Danube waterway.
This is an overview of the most important organizations which deal with promotion of Danube
waterway from different aspects. Their number,
importance and financial sources speak about the
relevance that sustainable development of Danube
waterway has in all the countries of Danube region and in Europe in general.
6. Conclusion
In order to improve inland navigation and river system protection in the Danube river basin a
common planning philosophy is essential for the
success. The prerequisite for future planning for
an environmentally sustainable Inland Waterway
Transport (IWT) is a common language across
disciplines, an understanding of the position of the
“other” side and a culture of communication and
discussion. In order to guarantee an interdisciplinary approach and broader acceptance of the ongoing and future planning process from the beginning,
the ministries responsible for environment, water
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management and transport, scientists and experts in
river engineering, navigation, ecology, spatial planning, tourism and economics as well as representatives of other stakeholders, such as environmental
non-governmental organizations and relevant private sector representatives, should be involved.
The achieve “good ecological status” or “good
ecological potential” for all surfaces waters and to
prevent deterioration of the ecological status – as
required by the EU WFD – an integrated planning
philosophy is urgently needed. Multi-use riverine
landscapes should be the goal (including for example providing for fauna and flora habitats, flood
protection, inland navigation, fisheries, tourism).
Catchment wide thinking and cross-border cooperation are challenges calling for multi-disciplinary planning and decision-making processes.
Due to the fact that IWT plans and projects
have environmental implications, there is the need
to carry out environmental assessments before decisions are made. This is required by the Strategic
Environmental (SEA) Directive (2001/42/EC) for
qualifying plans, programmes and policies and required by the Environmental Impact Assessment
(EIA) Directive (85/337/EEC) for qualifying projects. Under these procedures, the public can give
its opinion and results are taken into account in the
authorization procedure for the projects. A culture
of integrated planning of integrated planning of
navigation and environmental improvement projects is needed to minimize legal costs, delays and
sometimes unstable outcomes.
In order to implement an integrated planning
approach for all plans and projects all involved
stakeholders need to agree on common planning
principles leading to acceptable solutions for ecological integrity as well as navigation. Such planning principles should be applied to every project
within the Danube river basin and include at least
the following steps, but first and foremost, joint
planning of projects seeking both environment
and navigation improvements as the key to accelerate the process:
–– Establish interdisciplinary planning teams
involving key stakeholders, Ministries, responsible for transport, for water management and
environment, representatives of protected
areas, local authorities, non- governmental
organizations.
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–– Define joint planning objectives.
–– Set-up a transparent planning process
based on comprehensive data and including
the environmental benchmarks and
current standards required for Strategic
Environmental Assessment
–– Carry out a priority ranking of possible
measures to ensure the best possible
environmental as well as navigation
development effect and use of financial
resources.
–– Ensure flexible funding conditions for projects
to enable integrated planning and adaptive
implementation as well as monitoring.
–– Monitor the effects of measures and – if
relevant – adapt them.
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Abstract
Bulk operations are the advantage enabled by
Oracle database. They are used through PL/SQL
programming language and significantly decrease
time necessary to fulfill statements on large amount
of data. Their advantage is that a large amount of data
is transferred in a single step into SQL where they are
executed, data are retrieved from it. In this way, it is
avoided that for every row from a table a change of
context is being done between PL/SQL engine and
SQL engine. Difference in execution time is increasing with the number of rows to process.
Bulk operations may be used also with a predefined maximal number of rows that will be
transferred between two engines in a single step.
In this way a memory overload is avoided, which
improves performances additionally.
Performances comparison will be shown at a
PL/SQL block which will execute without bulk
operation and then with it. These executions will
be done on a table with different number of rows
so the differences in performance over different
amount of data could be measured.
Oracle
Oracle is a Relational Database Management
System (RDBMS) [1]. Relational database is a
base coordinated with relational model defined by
E. F. Codd in 1970 [2]. It means control of organization, storing, management and searching of
the data within a base. The basic assumption of
a relational model is that data are represented as
n-th mathematic relations. This model enables designer of a database to create consistent, logical
databases, where consistency is obtained by introducing constraints into a design.
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Sql language
SQL is a programming language conceived at
IBM in 1970’s. It is an interface enabling approach
to data stored in a database. Its largest advantage is
that it enables user to work with data on the logic
level. When user wants to find certain data in a database, he generates query with certain criteria so
that data within a base are being filtrated in accordance to those and are shown to user. The user is
not burdened by way of physical storage of data or
the searching mechanisms. SQL comprises of different commands, which enable user to search database, to add, change or delete data from a table,
to create, change or delete objects, to control data
and objects approach within base and to guarantee
consistency and integrity of a database.
Pl/sql
PL/SQL is a procedural expansion of the SQL
programming language, created by Oracle. The
first version 1.0 was introduced in 1991 [1]. Although the SQL programming language is very
powerful, it does not enable cyclic passing through
sets and individual work with those, processing
exceptions, work with variables, parameters, collections, sets, sequences, cursors etc. All these
features are present in PL/SQL programming
language. It is highly integrated into Oracle database, and the Oracle itself continues to improve
performances of this programming language. One
example is ability to compile programming code
written in PL/SQL, when code is translated to C.
The PL/SQL programming language from version
9.0 uses the same parser as SQL and from version
8.1 use of bulk operation is enabled (bulk binds).
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Sql and pl/sql processing
In order to talk about statements performances
we must know what is in their background. Therefore, we first must look at the SQL engine and its
way of execution, as well as a way of execution in
PL/SQL engine.
SQL processing
When a statement is given to a database, SQL
is processing it in several stages. These stages are
shown in Fig. 1. It must be noted that in some cases
the Oracle may execute these stages in somewhat
different order [3]. For instance, stage of defining
variables may be executed immediately before
stage of data obtaining, depending on a way the
code for processing is being written [11].
Stages necessary for processing all statements
are:
–– Stage 1: creating cursor (create)
–– Stage 2: parsing statement (parse)
–– Stage 5: binding variables (bind)
–– Stage 7: executing statement (execute)
–– Stage 9: closing cursor (close)
As option there may be added
–– Stage 6: parallel processing (parallelize)
For statements that select data from database,
following stages are also necessary:
–– Stage 3: description of query results
(describe)
–– Stage 4: defining the state of output result
for query (define)
–– Stage 8: accepting the resulting data from
query (fetch)
Stage 1: Creating cursor
A cursor is the part of a memory where parsed
SQL statements are located, as well as other information necessary for processing. Although Oracle
users most often rely on automatic cursor handling, programming interface gives designer more
control over cursors. In application development,
cursor is a named resource available to a program
2010

and may be used especially for parsing SQL statement that is located in application.
Every user session may open several cursors,
and maximal number is determined by parameter
OPEN_CURSORS. When working with cursors,
an application should close cursors that are not
needed any more, avoiding overload of system
memory.
Oracle automatically notes when an application sends similar SQL statements to a database.
SQL space used for processing the statement is
shared, i.e. it is used for processing new similar
statements. Sharing of SQL space lowers memory
usage on server.
On order to determine whether a statements are
similar or identical, Oracle takes in account SQL
statement sent by user i.e. application, as well as
recursive SQL statement that comes internally by
DDL statement.
Stage 2: Parsing statement
During parsing, SQL statement is being sent
from user process to Oracle. Then parsed query
statement is placed in shared SQL area. A number
of errors may occur in this stage.
Parsing process means:
–– translation of SQL statement and validity
check
–– searching a data dictionary in order to check
names of tables and columns
–– locking objects that are listed in statement
so that their definition would not change
during parsing
–– checking access right to given objects
–– defining an optimal execution plan
–– placing statement in shared SQL area
–– for distributed systems, pointing statements
to nodes where requested data are placed
It is important to note that Oracle parses queries only if a shared SQL area for identical query is
not present in shared pool. In this case, new SQL
shared area is taken and the query is being parsed.
Therefore, stage of parsing query happens only
once, no matter how often this query is repeated.
Although parsing of SQL statement is also validating that statement, it identifies only those errors
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that may be found before executing the statement.
Data errors may be discovered only during execution (entering double values for primary key).
Processing the query
Queries are different from other types of SQL
statements because if they are successful, they return data as a result. Other types return only information whether they were successful or not.
Queries may be returned for one line, two lines or
thousands of lines as a result. Results of query are
always formatted as a table, and rows are obtained
one at a time or in bulks [12].
Query processing has certain distinctions. It
may demand stages of describing, defining and
accepting results in SQL processing. Query understands not only explicit SELECT statements but
also implicit queries (subqueries) in other SQL
statements. For instance, following statements requires query as a part of its execution:
INSERT INTO table SELECT ...
UPDATE table SET x=z WHERE ...
DELETE FROM table WHERE ...
CREATE table AS SELECT ...
Stage 3: Description of query results
Stage of description of results is necessary only
if results characteristics are not known. Then this
stage determines characteristics of query results as
for instance type of data, length, name...
Stage 4: Defining query output
In this stager user defines location, size and a
type of variable where every obtained value would
be placed. These variables are called defined variables.
Stage 5: Binding variables
By this stage, Oracle knows meaning of SQL
statement, but still has no enough information to
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execute it. It needs values for all variables existing
in statement. Process of obtaining these variables
is called binding variables.
Program must specify location (memory address) where given value may be found. Since location is specified (binding by reference), a new
binding of variable is not necessary before statement is executed again. We may change value of
variable, and Oracle will search for value using
given address for every execution.
Using binded variables is another way to improve performances of query, and it is connected
to parsing the query. If there is a situation with a
several similar queries, and those queries are different only by value of some variable, in order to
avoid constant parsing a query it is forwarded with
binded variable, i.e. instead concrete value query
is binded with variable in a way: name_variable,
and then in execution stage this value is replaced
by concrete value. In this way we have situation
that query is parsed only once and executed several times using different concrete values.
Stage 6: Parallelization of statements
Oracle can parallelize queries (SELECT, INSERT, UPDATE, MERGE, DELETE), and some
DDL operations such as index creation, creating
a table with a subquery, and operations on partitions. Parallelization causes multiple server processes to perform the work of the SQL statement
so it can be completed faster.
Stage 7: Executing query
When Oracle has all necessary information and
resources, statement may be executed. If the statement in question is a query or an INSERT statement, no rows must be locked since no data existing in database is being changed. However, if
the statement is UPDATE or DELETE, all rows
influenced by these statements are locked so other users of a database may not use them until the
next COMMIT, ROLLBACK or SAVEPOINT.
This ensures data integrity.

2010

technics technologies education management

Stage 8: Accepting data from query
In the fetch stage, rows are selected and ordered,
and each successive fetch retrieves another row of
the result until the last row has been fetched.

Stage 9: Closing cursor
This is the final stage of every SQL statement
processing.

Figure 1. Stages in processing SQL statements
2010
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PL/SQL engine and context switch
PL/SQL engine compiles and executes PL/
SQL blocks and subprograms. It accepts as input any valid PL/SQL block or subprogram and
executes a procedural part of a code, and sends
SQL queries to SQL engine that executes queries
and in some cases returns data to PL/SQL  engine
[4]. This process is called context switching. Fig. 2
gives graphic representation of context switching.
Every change of context between PL/SQL engine
and SQL engine has bad influence on performances. This is a case when in a loop SQL query is
called for every element of collection. Then every cycle of a loop engages PL/SQL engine, and
then for every single query SQL engine. This is
a constant switching that decreases performance,
especially if a number of elements in collection
is large. Bulk operations are the solution for such
problems. Performances improvement is visible
even after four queries executed [4].

FORALL statement
Key word FORALL informs PL/SQL engine
to use bulk binding of collections before sending
them to SQL engine. Syntax is as follows:
FORALL index IN low_limit .. high_limit
   sql_statement;
Index may be referenced only within FORALL
statement and only as a collection index. SQL
statement in example above understands operation of adding, changing or deleting that references collection element. SQL engine executes query
for every value of an index from given range.
BULK COLLECT clause
BULK COLLECT clause shows SQL engine
to prepare all resulting collections before returning to PL/SQL engine. Key words for this clause
are SELECT INTO, FETCH INTO, RETURNING INTO.
Syntax is as follows:
... BULK COLLECT INTO collection_name[,
collection_name] ...
SQL engine bulk binds all collections referenced in INTO list.
Testing data set

Figure 2. Context switching
Principle of bulk operation
The basic advantage of bulk operations is that
they work with several collection elements at the
same time. PL/SQL engine calls only one SQL engine and sends all elements of a collection. The
SQL engine parses query only once, and then executes it for all elements of a collection. Bulk operations are executed by statements FORALL and
BULK COLLECT.
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Comparison of performances in executing PL/
SQL block with and without bulk operations is
done on table STUDENTS. This table will have
different number of rows in order to measure performance differences for different data amount.
Table attributes are shown in Fig. 3.
In order to measure performances for different
amount of data, and to have various data, a procedure is created to populate data in STUDENTS
table. It is populated from tables FIRST_NAMES,
LAST_NAMES and TOWNS with predefined
data. Attributes of those tables are shown in Figs.
4, 5 and 6.

2010

technics technologies education management

Figure 6. TOWNS table
Tables FIRST_NAMES and LAST_NAMES
have fifty names each, and table FIRST_NAMES
besides name has field GENDER for male or female name.
Procedure takes a name and gender from
FIRST_NAMES table and populates them in
fields FIRST_NAME and GENDER in STUDENTS table. Values are taken in random way,
using function:
ROUND(DBMS_RANDOM.VALUE(1,50))

Figure 3. STUDENTS table

Figure 4. FRIST_NAMES table

which chooses one of fifty rows.
Ina same way, using RANDOM function, one
name from the same table is chosen and written in
MIDDLE_NAME field.
Next step is to choose one of fifty last names
from LAST_NAMES table and to write it into
LAST_NAME field.
In EMAIL field, a combination of first name and
second name is written with suffix “@email.com”.  
Field STUDENT_ID is entered using function
sys_guid(). It is a unique identifier given to each
student, comprising of 32 characters.
STUDENT_INDEX is a string of maximum
eight characters in format “xxxxx/yy” where
“xxxxx” value is determined by sequence and
“yy” value is entered as predefined “05”. This
means that we enter assumption that every student
is enrolled in 2005.
PHONE_NUM_HOME field is populated using prefix “021” and a six-digit number generated
using function
DBMS_RANDOM.VALUE(100000,999999)

Figure 5. LAST_NAMES table
2010

Populating PHONE_NUM_MOBILE field is
almost the same, except that prefix is “06” and
eight-digit number follows.
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In DATE_OF_BIRTH field, we enter random
value between 01.01.1985. and 31.12.1985. This
may be obtained using function
DBMS_RANDOM.VALUE(2446067,2446067
+365)
which returns value in given interval.
From table TOWNS we obtain a name of a city
that is entered into fields PLACE_OF_BIRTH
and HIGH_SCHOOL_PLACE, as well as a name
of school that we write into HIGH_SCHOOL_
NAME field. This table has ten predefined values
from which we choose one for population needs.
Student’s GPA during high school is chosen using function
ROUND(DBMS_RANDOM.VALUE(2,5)2)
and written into HIGH_SCHOOL_GPA field.
Other values are predefined and identical for all
entries.
Input parameter for procedure is a numerical value that says how many rows we wish to enter into
a table. It deletes all existing rows in STUDENTS
table and then enters preferred number of rows.
Performances testing
A performance testing is being done using
three procedures. The first one “no_bulk” accesses
data without using bulk functions. It loads ID for
every student and in which year he/she enrolled
for the last year. Loading is done from a database,
row by row. When a row is loaded, value for last
year enrolled is changed and saved in base. This
example is purely illustrative. The code realizing
“no_bulk” procedure is given below.
CREATE OR REPLACE PROCEDURE no_bulk
AS CURSOR c_students IS
SELECT student_id, last_year_enrolled
FROM   students;
v_student_id        
VARCHAR2(32);
v_last_year_enrolled VARCHAR2(4);
v_new_year_enrolled NUMBER;
BEGIN
OPEN c_students;
490

LOOP
    FETCH c_students
INTO v_student_id, v_last_year_enrolled;
    EXIT WHEN c_students%NOTFOUND;
UPDATE students
    SET last_year_enrolled =
round(dbms_random.value(2002, 2009))
    WHERE student_id = v_student_id;
END LOOP;
CLOSE c_students;
END;
Execution time is shown in Table 1. Measurements were done for “STUDENTS” table that has
25000 to 500000 rows. For every value, five measurements were taken in order to obtain precise
real time interval needed to execute procedure.
Using average values of measurements a graph is
determined, shown in Fig. 7.
Table 1. Execution times for “no_bulk” procedure, in seconds
No

T1

T2

25000
50000
75000
100000
150000
200000
300000
400000
500000

2.657
5.265
8.062
10.857
16.484
22.047
36.828
49.515
59.516

2.657
5.313
8
10.671
16.281
24.703
35.688
46.75
59.25

T3

T4

T5

2.672 2.641 2.643
5.266 5.266 5.297
8.125 7.984
8
10.656 10.875 10.882
16.588 16.623 16.277
23.391
23.4 22.647
34.782
35.4 36.688
46.797 50.344
48.2
59.239
58.9 59.112

Second testing was done using procedure
“bulk_proc” with bulk functions. Here we first
load all rows from base, columns “student_id” and
“last_year_enrolled” and we place them in variables “v_student_id” and “v_last_year_enrolled”.
These variables are sequences of corresponding
types. For this process, we need one access to
SQL engine, which prepares all data and returns
them to PL/SQL engine.
Change of values and their placement in a base
is also done by a bulk function “FORALL”.
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Table 2. Execution times for “bulk_proc” procedure in seconds
No

T1

T2

T3

25000 1.188 1.172 1.172
50000 2.453 2.328 2.297
75000 3.561
3.5
3.484
100000 4.656 4.843 4.797
150000 7.047 7.094
7.1
200000 9.484 9.422 9.406
300000 15.156 14.672 16.187
400000 22.578 21.156 19.125
500000 26.39 28.109 27.25

T4

T5

1.171
2.422
3.5
4.657
7.068
9.44
15.531
21.5
26.9

1.173
2.297
3.625
4.8
7.047
9.47
14.995
20.891
27.432

Figure 7. Interdependence of execution time for
“no_bulk” procedure and number of rows
The “bulk_proc” procedure is given below:
CREATE OR REPLACE PROCEDURE bulk_proc
AS CURSOR c_students IS
SELECT student_id, last_year_enrolled
FROM  students;
TYPE t_char_array_32 IS TABLE OF VARCHAR2(32)
INDEX BY PLS_INTEGER;
TYPE t_char_array_4 IS TABLE OF VARCHAR2(4)
INDEX BY PLS_INTEGER;
v_student_id
t_char_array_32;
v_last_year_enrolled t_char_array_4;
BEGIN
OPEN c_students;
FETCH c_students BULK COLLECT
INTO v_student_id, v_last_year_enrolled;
CLOSE c_students;
FORALL i IN 1..v_student_id.count
    UPDATE students
    SET last_year_enrolled =
round(dbms_random.value(2002, 2009))
    WHERE student_id = v_student_id(i);
END;
Execution times for “bulk_proc” procedure are
given in Tab. 2.
2010

Figure 8. Interdependence of execution time for
“bulk_proc” procedure and number of rows
The last testing is done using bulk functions
“BULK COLLECT” and “FORALL” but with
limited number of rows transferred in a single access. For this need, a clause “LIMIT” is added.
Procedure “bulk_limit_proc” uses bulk function
with 1000 rows limit. This procedure is given below:
CREATE OR REPLACE PROCEDURE bulk_
limit_proc AS
CURSOR c_students IS
SELECT student_id, last_year_enrolled
FROM students;
TYPE t_char_array_32 IS TABLE OF VARCHAR2(32)
INDEX BY PLS_INTEGER;
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TYPE t_char_array_4 IS TABLE OF VARCHAR2(4)
INDEX BY PLS_INTEGER;
v_student_id
t_char_array_32;
v_last_year_enrolled t_char_array_4;
BEGIN
OPEN c_students;
LOOP
    FETCH c_students BULK COLLECT
INTO v_student_id, v_last_year_enrolled
LIMIT 1000;
    EXIT WHEN v_student_id.COUNT = 0;
    FORALL i IN 1..v_student_id.count
      UPDATE students
      SET last_year_enrolled =
round(dbms_random.value(2002, 2009))
      WHERE student_id = v_student_id(i);
END LOOP;
CLOSE c_students;
END;

Figure 9. Interdependence of execution time for
“bulk_limit_proc “ procedure and number of rows

In this procedure, in every cycle of the loop we
load 1000 rows from base and place them in corresponding variables. After that in a single step,
using “FORALL” function, those 1000 rows are
written into base with a new value for the last year
enrolled.
Execution times for this procedure are given in
Tab. 3.
Table 3. Execution times for “bulk_limit_proc”
procedure in seconds
No

T1

T2

T3

T4

T5

25000 1.157 1.156 1.157 1.156 1.154
50000 2.321 2.313 2.281 2.282 2.281
75000 3.468 3.469 3.469 3.469 3.467
100000
4.61 4.641 4.625 4.625 4.589
150000 6.922 7.031 6.989
6.9 6.899
200000 9.343
9.25 9.375 9.298
9.3
300000 14.032 14.016 15.437 14.016 14.47
400000
19 19.297 18.967 19.47
19.7
500000 23.797 24.906 24.844 24.625 22.468

Figure 10. Interdependence of execution
times between procedures “no_bulk”, “bulk_
proc”,”bulk_limit_proc” and number of rows

Graph at Fig. 10 shows execution times for all
three procedures depending on number of rows.

492

2010

technics technologies education management

Conclusion
Use of bulk functions significantly shortens
the time needed to obtain data from a database,
executing operations with their values and storing
data back to base. With increase in number of rows
obtained, a difference in execution times also increases. Tests that have been done in this investigation show that average execution time for 500000
rows is decreased from 59.203 seconds without
bulk functions to 27.216 seconds using bulk functions. This saves 31.987 seconds i.e. 54.03%. Use
of bulk functions with limit additionally shortens
this time. Average execution time for this function
is 24.128 seconds, which saves 59.25%.
These measurements are valid for given procedures that load data from table “STUDENTS” and
than, using “RANDOM” function, change value
for “last_year_enrolled” field.
When working with larger amount of data, savings are bigger. Processor usage is decreased, as
well as time to execute queries themselves since a
number of context changes between PL/SQL engine and SQL engine is decreased
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Abstract

Where:

Analysis covers results of tangential stress and
deformations at the point of contact between casing-cement stone, because both values reach their
maximum at this point. Analysis has been conducted for the previously described models, where
calculation has been done for each model for both
cement stone Class G and Cem. Sistem, therefore
calculation for 10 series of most usually used well
designs has been done. Such models are easily
customized to a well design, whether for analysis
of cemented annulus for intermediate or production casing string in various well geometries.

s r = radial stress
s q = tangential stress

a = well radius (m)
r = distance from well axis (m)

Introduction
Drilling a well influences a change in primary stress condition and its redistribution in rock
massif, and this new condition is called secondary stress condition. During drilling of a well,
an opening is created which, at a certain depth in
plane perpendicularly to well axis, is in two dimensional stress condition. Stress condition in
rock massif surrounding the well is determined by
following equations:

 a2 
s r = s x ⋅  1 − 2 
r 



s q = s x ⋅ 1 +
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a2 

r 2 

Figure 1. Distribution of tangential stress sq in a
plane perpendicularly to well axis.
These equations meet condition stipulating that
secondary stress condition becomes equal to primary stress condition (σH) at infinite distance from
the well axis.
Based on the previously mentioned it can be
concluded that tangential stressessq along well
rim are twice a value of horizontal stress component σH which is subject to depth where analysis of
stress condition is conducted and Poisson’s coefficient of rock massif where the well is drilled.
The presented analysis, figure 1, takes into
consideration only the change in stress condition
of rock massif (formation), i.e. uncased and noncemented well, as well as in conditions with lack
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of fluid pressure in the well. Since this would not
be the case in drilling process and oil and gas exploitation, it would be necessary to establish methodology for identifying change in stress condition
in a complex system such as casing-cement stoneformation. In this system, distribution of stress deviates from distribution in rock massif only, and
its layout is given in figure 2. The main purpose of
this paper is to present methodology for identifying real distribution of tangential stress sq in the
mentioned system as the largest component of a
complex stress condition.

Figure 2. Distribution of tangential stress sq in
casing(1)-cement stone (2)- formation (3) system
Tangential stress sq in the well in the casing cement stone – formation system

Figure 3. Change in tangential stress sq depending on distance from well axis

Stress changes in casing, cement stone and
formation have been analyzed for all mentioned
systems. Models show distribution of tangential
stress (sq), radial stress (sr) and deformations.
Charts present changes in stress (tangential and radial) and deformation depending on distance from
well axis for each individual well geometry.

Figure 4. Change in tangential sq stress of cement stone at the point of contact between steel
and cement stone depending on well conditions
496
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Change of well conditions leads to changes in
cement stone which are mostly manifested through
increase of tangential stress sq and deformations.
At the same time, radial stresses sr do not exceed
the limit value, i.e. compression strength.
Discussion
Stress and deformation charts show certain
changes on casing-cement stone-formation system that can be described as follows:
–– Executing analysis of changes in well
conditions (increase of pressure in the well)
difference between values of tangential
stress sq at the point of contact between
casing – cement stone and cement stone
– formation is considerably growing with
the pressure increase. It is also noticed
in this analysis, that difference between
deformation values at point of contact is
considerably increased.
–– In all models, analyzing distribution of
tangential stresses sq it has been noticed
that these stresses are always higher with
cement stone Class G than with Cem.
Sistem.
–– Analysis of all models shows that only with
model I values of tangential stresses sq
exceed limit value of tensile strength st in
real well conditions (sH + st).
–– In model II, production casing K-55 (20.83
kg/m) has been analyzed, where, with
the change of well conditions, tangential
stresses sq did not exceed limit value of
cement stone tensile strength st.
–– As it was the case with previous model,
values of tangential stresses sq with model
III soft formation do not exceed the limit
value of cement stone tensile strength st.
In this model, difference in deformations
is also noticeable however it is slightly
lower (Class G – 18.544 mm, Cem. Sistem
20.497mm).
–– Comparing model II soft formations and III
soft formations, it can be noticed that values
of tangential stresses sq with model II are
higher than with model III.
2010

Model
II
III

sq (MPa)
Class G
11.035
11.029

Cem. Sistem (Flex)
11.015
11.013

–– Tangential stresses sq with model III medium
hard formations in comparison to the same
stresses in model III soft formations are
larger, while deformations are slightly less.
Model
III soft formations
III hard formations

sq (MPa)
Class G

Cem. Sistem (Flex)

11.029
11.0365

11.013
11.0195

Results for model I analysis /medium hard
formation/

Distribution of tangential stress in cement stone
Class G
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Results for model I analysis /hard formation/

Distribution of tangential stress in cement stone
Cem. Sistem

Distribution of tangential stress in cement stone
Class G

Comparative analysis of tangential stressfor
model I /medium hard formation
Distribution of tangential stress in cement stone
Cem. Sistem
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Comparative analysis of tangential stress for
model I /hard formation/
Results of model II analysis /soft formation/

Distribution of tangential stress in cement stone
Cem. Sistem

Comparative analysis of tangential stress for
model II /soft formation/
Distribution of tangential stress in cement stone
Class G

2010
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Results of model III analysis /soft formation/

Comparative analysis of tangential stress for
model III /soft formation/

Distribution of tangential stress in cement stone
Class G

Distribution of tangential stress in cement stone
Cem. Sistem
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Results of model III analysis /medium hard
formation/

Distribution of tangential stress in cement stone
Class G
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sive stress and tangential stress sq is a tensile
stress. The highest value of tangential stress sq of
cement stone is found at the point of contact between steel and cement stone, where obstruction
of established connection usually occurs. Value
of tangential stress sq at point of contact between
steel and cement stone represents tensile strength
which cement stone needs to have in order to prevent connection break when the pressure starts
growing in a well. These stresses grow with pressure increase in the well.
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Summary
Reviewing results of model determined influences of well conditions changes to radial sr and
tangential sq stress of cement stone, growth of tangential stress sq and deformations of cement stone
have been noticed.
Stress values are linearly dependent on well
pressure, meaning, double increase of pressure results in double increase of stress in cement stone.
Analysis shows that radial stress sr is a conpres2010
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Abstract
The basin water cycle affected by human activities presents the duality of natural and human characteristics. On the basis of improved a physically
based distributed parameter model, Soil and Water
Assessment Tool(SWAT) and Tennant method, the
influence of the hydraulic engineering construction
in the upper reaches on the eco-environmental flow
of the middle-lower reaches of the Yangtze River
is analyzed according to the hydraulic engineering
construction plan, we established 4 scenarios. The
results show that, in flood season, the evaluation of
scenario 2 is good to maximum, scenario 3 is minimum to maximum, scenario 4 is fair to maximum;
dry season period, the evaluation of scenario 2 is
good to optimal range, scenario 3 is fair to optimal,
scenario 4 is good to outstanding; In water storage
period, the evaluation of scenario 2,3,4 are optimal
range. The evaluation of the Tennant method is the
exceed to the other scenarios when all the reservoirs
involved in running.The results of the current study
will be proved some references to the regional wa502

ter resources management and reservoir ecological
operation with the influence to eco-environmental
flow of the low reaches, when the schema reservoir
constructed in the upper reaches of Yangtze River.
Key words: Hydraulic engineering construction; Upper reaches of the Yangtze River; Ecoenvironmental flow; Swat model
Introduction
The SWAT(soil and water assessment tool)
model is a distributed hydrological model(Arnold,
J.G, et l.1995), which is developed base on the
SWRRB model. Swat model can reflect the impact of precipitation and runoff under the change
of climate and land use via techniques of IT and
GIS/RS, play an important role in simulating regional water balance and water quality. Recently,
this model is already in widespread use in water
resources management. Srinivasan et al. (1994),
Rosenthal et al. (1995) applied this model to predict of streamflow volume were then tested for
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the Lower Colorado River basin of Texas. Saleh
et al.(2000)applied this model to evaluate the effect of dairy production on water quality in Upper North Bosque River Watershed. G. Onusluel
Gu¨et al.(2008) evaluated existing flow regimes in
a small-sized catchment in Denmark and examines
a simple simulation to help quantify the effects of
climate change on regional water quantities. With
its application, some scholars have improved this
model. Fontaine et al.(2002) add a feature capable
of simulating the runoff in the mountainous terrain by adding snowmelt component to SWAT.
RD Harme et al.(2003)examined several daily
precipitation generators in terms of the hydrologic
response of SWAT model. Zhang D et al.(2005)
developed the weather generator and applied it in
the HiangKou Basin, the HanHiang River, in China. Sang et al.(2010) made appropriate improvement on irrigation module and consumptive water
use module in order to apply it to the water system
in Tianjin city, China.
Recent research has been focused on applying the Swat model to naturally occurring hydrological cycles. However, increased effected
of human activities on hydrology is fast gaining
importance. Before, the hydrological cycle was
based on precipitation, surface runoff river and
groundwater. But now the cycle must also incorporate four human water cycle aspects: taking water, transporting water, using water and consuming
water(Yangwen Jia et al.2006). Due to the abundant rainfall and runoff and dense river network,
the hydropower resources of the upper reaches
of the Yangtze River is rich, and the exploitation
and utilization planning of hydraulic engineering
has been done. There are 34 large reservoirs that
have been construct or being construct, and another more than 30 large reservoirs that have been
planned to construct. This time, the total storage
capacity of large reservoirs in the upper reaches
of the Yangtze River reaches about 200 billion cubic meter. Human activities, especially hydraulic
engineering construction, have altered the hydrologic regimes of the upper reaches of the Yangtze
River. It is necessary to investigate the influence of
the hydraulic engineering construction on the ecoenvironmental flow of the middle-lower reaches
of the Yangtze River. The objectives of this paper
contain the following 3 aspects:
2010

1. Hydraulic engineering construction plan of
the upper reaches of the Yangtze Basin is
investigated;
2. Reservoir control module is improved by
adding reservoir level limit, and discharge
of the reservoir is controlled;
3. Based on improved SWAT model, flow
regimes in four scenarios with different
assemble of hydraulic engineering
construction are analyzed and assessed by
Tennant method to the eco-environmental
flow in the downriver of The Three Gorges
Project(TGR).
Model application in upper reaches of the
Yangtze River regions basin
General situation of upper reaches of the
Yangtze River basin
The upper reaches of the Yangtze River locates at 24°37′-35°54′ north latitude and 90°13′—
111°30′ east longitude(Figure 1). According to
the cascade development planning of hydraulic
engineering, cascade reservoir construction will
be accomplished before 2020, and 40% of runoff will be stored at that time. At least 25 billion
cubic meter Consumptive water was addition in
the upper reaches, and this will be decrease 40
billion cubic meter if South-to-North water diversion engineering implemented. Table 1 shows
large reservoirs in the upper reaches of the Yangtze River. Seen from the built and building reservoirs, it is high hydropower development in the
Wu region and main stream of upper reaches of
the Yangtze River regions oppose to the other
river basins, but the schema reservoirs mostly especially in the Jinsha river basin, which the total
volume of schema reservoirs reach to the 83% of
total runoff of upper reaches of the Yangtze River.
The total volume of schema reservoirs in the upper reaches of the Yangtze River hold up 61% of
total runoff of whole of the Yangtze River regions,
this is not consider the medium and small reservoirs, if consider, will reach at least 70%. Cascade reservoirs will bestrew all the upper reaches
of the Yangtze River except Chishui river, most
nature river will transform to the man-made con503
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trol river(Yang JH.2007). The hydrologic regime
of the upper reaches of the Yangtze River will be
greatly altered by the hydraulic engineering. Water is stored in flood season and released in dry
season, and the period of hydrology progress will
be ahead changed. All this will influence to the
water resources management and allocation. Figure 2 provide total volume in the upper reaches
of the Yangtze River in different decade. Figure 3
is the spatial distribution of the large reservoirs in
the upper reaches of the Yangtze River. Table 2 is
the statistics of medium-sized reservoir in the upper reaches of the Yangtze River.
Fig 2 The total storage capacity of reservoirs
constructed in different ages in the upper reaches
of the Yangtze Basin

Fig 1. The map of the upper reaches of the Yangtze Basin
Fig 3 Spatial distribution of the large reservoirs
in the upper reaches of the Yangtze River

Table 1. Large reservoirs in the upper reaches of the Yangtze River (Total volume>108 m3,regulating
storage volume>3*107m3)
Basins
Number of building and
built reservoirs
Planning and construction
reservoirs
Volume of built reservoir
(108m3)
Volume of building
reservoir (108m3)
Volume of planning and
construction reservoirs
(108m3)
annual runoff (108m3)
504

Jin shajiang Yalong Mintuo Jialing Wujiang
4

10

5

Upstream main stem

9

14

3

2

3

0

285.48

5.9

37.1

30.5

42.9

0

20.8

70

25.3

166

479.6

1300

136.4

260

171.6

73.5

83.3

1565.2

604

1065

698.8

511.1

634.8

3
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Table 2. Distribution of mid-scale reservoirs in the upper reaches of the Yangtze River
Province
Total volume of reservoirs approximate 80*10 m
8

3

Sichuan

Chongqing

Yunnan

Guizhou

89

20

15

15

Materials
Swat model requires a large amount of data. Our
data includes:(1) The DEM of upper reaches of the
Yangtze River, which is SRTM 90m digital elevation data(download from http://srtm.csi.cgiar.org/)
with the scale of 1:250000;(2)Daily weather information in the 105 rainfall stations(Figure 4(d)),
such as precipitation, temperature, wind speed, solar radiation and relative humidity from the national
meteorogical site of China.(3)River flow data from
7 hydrological stations(Figure 4(c)) obtained from
the water resources department of Yangtze hydrographic office.(4)Parameters of 16 land use type
and the land use map(scale of 1:100,000) obtained
from CAS(Chinese Academy of Sciences);(5) Soil
types, attributes and the soil map with the scale of
1:1000,000,provided by the water resources department of Yangtze hydrographic office.(6)Data of 51
large-scale reservoirs(Figure 4(b)) and 139 midscale reservoirs from the water resources department of Yangtze hydrographic office.
Seen from figure 2, mostly reservoirs constructed after 1985, In order to adopt Swat model
with the nature flow, we take 1966-1985 (least
modified period) as study period. Take the data of
1966-1980 to estimate the parameters, and take
the data of 1981-1985 to establish them.

Fig 4(a) Watershed delineation in the upper
reaches of the upper reaches of the Yangtze Basin

2010

Fig 4(b) Distribution and specification of the reservoirs in Swat model

Fig 4(c) Distribution and specification of the hydrologic station

Fig 4(d) Distribution and specification of the
weather station
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Improvement of SWAT model
This study we improved the original reservoir
control module of SWAT model is to half-artificial
reservoir control module. Original and improved
reservoir control modules are showed in figure
5 and figure 6 separately. Original reservoir control module calculated using one of four different methods: measured daily outflow, measured
monthly outflow, average annual release rate for
uncontrolled reservoir, and controlled outflow
with target release. Only one restrict to the lower
and upper bound outflow for every reservoirs in
original control methods. Original reservoir control module is unreasonable to control so many
reservoirs system with different operation schedules in the upper reaches of the upper reaches of
the Yangtze Basin. So reservoir control module is
improved. Firstly, reservoir level limitation is added. As monthly reservoir level is limited, monthly
mean discharge down the reservoir is controlled.
Secondly, the threshold that controls the sub-basin
division is reduced. According to the principle of
sub-basin division of SWAT model, there’s only
one reservoir and pond in a sub-basin which is
difficult to be satisfied in the upper reaches of the
Yangtze basin. The threshold is reduced to guarantee that there’s only a large reservoir in a subbasin(Figure 4(a)). Medium-sized and small reservoirs in a sub-basin are assembled and simplified
to a large reservoir which is controlled by original
reservoir control module. Table 3 is the reservoirs
relationship between Swat model and the fact.

Fig 5. Reservoir control module chart of the
modified SWAT model

Fig 6. Reservoir control module chart of the improved SWAT model
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Table 3. The correspondence relationship between the reservoirs and the assembled reservoirs used in
the model
Reservoirs in the
Submodel
watershed

Correspond with
actual reservoirs

Reservoirs in
the model

Subwatershed

Correspond with actual
reservoirs
10
13-16
50
41
2
40
39
1
9
17,18
38
6
3,4
7
5
36
mid-scale reservoirs of
Sichuan
mid-scale reservoirs of
Sichuan
mid-scale reservoirs of
Sichuan
mid-scale reservoirs of
Guizhou
mid-scale reservoirs of
Yunnan
mid-scale reservoirs of
Sichuan
mid-scale reservoirs of
Chongqing
mid-scale reservoirs of
Sichuan

1
2*
3
4
6
8*
9>
10
11
12
13*
14*
15
16*
17*
18**

1
2
5
6
10
12
13
14
15
16
18
20
21
23
25
26

29,51
30,31
37
28
49
19
46
32
33
25
20
11
34,35
21
12
22,47

27**
29**
30
31*
32*
33*
34
35*
36*
37
38
40*
41*
42*
43*
47

40
43*
44
46
47
48
50
52
54
56
57
60
62
64
65
71

19

28

24,26,27

5

7

20

29

23

7

11▲

21*

31

43

28

42▲

22

33

44

39

58▲

23*

34

48

44

66▲

24*

36

42

45

67▲

25

37

45

46

70▲

26**

39

8

48

72▲

Annotate: > is TGR;▲ is generalization reservoirs; *is building reservoirs;**is Planning Reservoir,
others are built reservoirs.
Sensitivity analysis
Sensitivity analysis is performed to determine
the input factors have the most impact on the model output results and valuable tool for setting up,
improving, testing, and calibrating hydrological
models. The sensitivity is expressed as follows:
n −1

s =∑
i =1

2010

(Qi +1 − Qi ) / Qb
（
/ n − 1) .............. (1)
( Pi +1 − Pi ) /100

Where, s is the sensitivity; Pi is the changed
percent ratio of a parameter at the i time; Qi is the
output result at he i time; Qb is the final result after calibration; i is the time and n is the max time.
The sensitivity analysis was performed involving
the following parameters: curve number (CN2),
the surface runoff lag coefficient (SURLAG), effective hydraulic conductivity in tributary channel
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Table 4. Sensitivity analysis result of SWAT
Water yield
Soil water content
Surface flow
Streamflow into reach

CN2

SURLAG

CH_K

AWC

ESCO

1.62
-1.78
1.87
0.06

12
5
7
8

34
67
36
24

-0.16
0.3
-0.06
0

0.02
0.07
0.04
0

ALPHA-BF GWQMN
0.048
0.093
0.198
0.071

4000
500
200
3000

Ksat
0.16
0.7
0.4
0.3

Table 5. The simulation results of the 7 hydrologic stations in the upper reaches of the Yangtze Basin
Dy

1

2

3

4

5

6

7

Calibration
Validation

0.83
0.74

0.86
0.84

0.84
0.81

0.91
0.88

0.93
0.91

0.88
0.82

0.90
0.87

alluvium (CH_K). the plant available water content (AWC), soil evaporation compensation factor
(ESCO), baseflow recession constant (ALPHABF), threshold water level in shallow aquifer for
base flow (GWQMN), Effective saturated hydraulic conductivity of the reservoir bottom (Ksat).The
result is shown in table 4.
Based on the sensitivity analysis, the parameter AWC,CN2 is found to be a high sensitive to
the hydrological cycle, such as water yield, surface flow, streamflow into reach and so on. The
GWQMN and ALPHA-BF are very sensitive to
Soil water content and surface flow, but they are
less sensitive to Streamflow into reach.
Model calibration and validation
The Swat model applied in the upper reaches
of the upper reaches of the Yangtze Basin is calibrated with daily historical stream flow data from
1966 to 1980. The process of calibration, following the methodology in the Swat user manual, is
as follows: Firstly, specify the sensitive parameter,
mainly AWC,CN2, ESCO and SURLAG. Secondly, rectify the parameters from upper to lower
reaches of the basin. Thirdly, adjust the surface
runoff. Comparison of the simulated and observed
daily stream flow is based on the deterministic coefficient( Dy )(Sun JC,2000).

∑
= 1−
∑

n

Dy
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i =1
n

( xi − yi ) 2
−

( xi − x) 2
i =1

, i=1… n ............ (2)

Where, xi is predictive value; yi is actual
value; x is mean value of predictive series; y
is mean value of actual series; n is the number
of predictive samples; i is the order of predictive
samples.
Using the calibrated parameters and developed
procedures, we validated it by using the same
hydrological station historical data from 1981 to
1985.
The results of calibration and validation are
shown in table 5(1 to 7 represent points of the figure 4(c)). It can be seen that, the simulate results
by the improved Swat model is well.
Scenarios
Inflow and outflow of the TGD reservoir will
be effected by the operation of the reservoirs in
the upper reaches of the Yangtze Basin, hydrology
process of the whole Yangtze Basin will be also
effected. So, this study assembled four scenarios
through Swat model to simulate these hydrology
process with study the change of eco-environmental flow of the middle-lower reaches of the Yangtze River in different scenarios.
The day when the reservoirs in the upper reaches of the Yangtze Basin begin to store water is set
at September 15. Flood season is considered to
start at June 1 and end at September 15, and dry
season is considered to start at November 1 and
end at May 1 of the next year.
Four scenarios are considered in this paper:
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–– Scenario 1
Take all reservoirs out of consideration and the
flow reflects the natural regime. Scenario 1 can be
considered as the comparison reference of other
scenarios.
–– Scenario 2
All reservoirs, constructed and being construct
and planed to construct, are considered.
–– Scenario 3
Reservoirs that have been constructed are considered. The following table 6 shows the reservoirs considered in scenario 3.
Table 6. The reservoirs considered in scenario 3
Jinshajiang Yalong Mintuo Jialing Wujiang
3,4,10,
No
20,30,37 12,19
22,25,34
11,15,47

Scenario 4
Reservoirs that have been constructed and being constructed are considered. Compared with
scenario 3, reservoirs added into consideration in
scenario 4 are showed in the following table 7.
Table 7. Compared with scenario 3, the reservoirs added into consideration in scenario 4
Jinshajiang

Yalong

Wujiang

32,35,41

14,17,23

21,31,33

levels of aquatic habitat maintenance was considered to be the lowest limit for environmental
flow recommendations, which is assumed to correspond to severe degradation of a system. Fair/
good habitat conditions could be ensured if 35%
of the mean annual runoff is allocated for environmental purposes, while an allocation of 60–100%
of the mean annual runoff represents an environmental optimum(V. U. SMAKHTIN et al.2006).
This paper we use Tennant method as criterion to
eco-environmental flow assessment.
Results
Total inflow volume of Three Gorges
cascade reservoirs
We used four scenarios simulated the total inflow volume in the reservoir of TGR for 5
years(the validation years is 5, here we adopt the
same 5 years). Seen from figure7, different operation reservoirs in different scenarios, its regulating
ability is different. The total inflow volume is alternative increased for the four scenarios. Generally speaking, due to the water storage process of
the reservoirs, the inflow of the scenario 2 is the
mostly least.

Eco-environmental flow assessment method
Tennant method separated the mean annual
runoff range into several ecologically important
classes(table 8), which correspond to different
Table 8. Instream flow regions for fish, wildlife, recreation and related environmental resources
(Narrative description of flow)
Flushing or Maximum
Optimal Range
Outstanding
Excellent
Good
Fair or Degrading
Poor or Minimum
Severe Degradation
2010

Recommended base flow regimens
(Percentages of Average Annual Flow)(%)
October ~ March

April ~ September

200
60~100
40
30
20
10
10
0~10

200
60~100
60
50
40
30
10
0~10
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Fig 7. The inflow of the TGR in different scenarios
Inter-annual inflow variation
Reservoir have the function of regulating runoff, different scenarios have the different regulating ability to the runoff. Figure 8 show the interannual inflow variation of the TGR.
From figure 8, inflow of the in scenarios2,3,4 is
obviously increase to the 1 scenarios in dry season,
But in flood season, due to the water storage in the
upstream reservoir, the inflow of scenarios 2,3,4 is
low than the scenario 1 which is approximately nature runoff. At the same time, water storage after
season flood of the upstream reservoir, inflow of the
scenario 2 is obviously low to the 1 scenario.

Flow regime in scenario 1 is almost as same as
the natural flow regime because no reservoir alters flow regime. With more reservoirs taken into
consideration, flow regime is altered more significantly. November 1 and end at May 1 of the next
year are the driest month of a year. Flow of dry
season is increased by reservoirs because water
stored in flood season is released. Reservoirs store
water in flood season and release water in dry season. Reservoirs redistribute water and the regulation capacity is stronger when reservoirs are more.
Hence, the degree of flow regime alteration is
most significant in scenario 2, and less in scenario
3, and lesser in scenario 4. This change respond is
the same to this season of inflow variation. Comparing the results of inflow of TGR, mean flow of
dry season of the TGR is increased more greatly.

Fig 9. The discharge of the TGR in different scenarios

Fig 8. The inflow series of the TGR in different
scenarios
Inter-annual outflow variation

Fig 10. The comparison of the discharge under
the control of the TGR and that in nature

Figure 9 and figure 10 shows the inter-annual
outflow variation of TGR reservoir.
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Eco-environmental flow assessment
Tenant method is taken to assess eco-environmental flow and the results are showed in table 9.
Seen from table 9, June to September is considered as the flood season. Assessed by Tennant
method, the results of scenario 2 vary from good to
maximum, the results of scenario 3 vary from minimum to maximum, and the results of scenario 4 vary
from fairto maximum. In 4 scenarios, the percentage of the mean flow of the flood season to annual
mean flow is 62.81%, 54.86%, 61.23% and 57.77%
separately. As showed in figure, the mean flow of
August in scenario 2 which is the least is 5000 m3/s
less than scenario1. In August, the reservoirs operate with low reservoir level in order to control the
probable flood. The reservoirs store flood water and
release it at the end if the flood process. Figure 10
reveals that the inflow and the discharge of the three
gorges reservoir in August decrease because of the
operation of the reservoirs in the upper reaches of
the Yangtze Basin. November to May of the next
year is considered as the dry season. Assessed by
Tennant method, the results of scenario 2 vary from
good to maximum, the results of scenario 3 vary
from fairto maximum, and the results of scenario 4

vary from good to maximum. The figure shows that
the discharge of March, April and May of the three
gorges in scenario 2 and that in scenario 4 are relatively large. The total reservoir capacity of the reservoirs considered in scenario 4 is much larger than
that of the reservoirs considered in scenario 2, and
the regulation capacity of the reservoirs considered
in scenario 4 is much stronger. At the same time, the
reservoirs will release the water stored in the flood
season in March and April to satisfy the power demand and lead the discharge of the reservoirs to be
larger than the inflow. The reservoir level will be
above the limit level for flood control in March and
April. In May, the reservoirs will release the water
and decrease the reservoir level to the limit level for
flood control. So the discharge is increased. Due to
the strong regulation capacity of the reservoirs considered in scenario 2, the discharge of May reaches
18621m3/s in scenario 2 and is 5939m3/s larger than
that in scenario 1. Assessed by Tennant method, the
result of scenario 2 is good, and that of scenario 3
is fairand that of scenario 4 is good. In August, the
discharge of the three gorges reservoir is smaller
when more reservoirs in the upper reaches of the
Yangtze Basin are considered, because the water is
stored by the reservoirs.

Table 9. Evaluation of optimum ecological flows of at the three schemes by the Tennant method
Scenario
2

Ratio of
Ratio of
Evaluation Scenario
Evaluation
Annual
Annual
result
3
result
average (%)
average (%)

1
2
3

34.25
30.33
37.54

Excellent
Excellent
Excellent

37.77
33.55
49.32

4

44.95

Good

64.58

5

65.25

6
7

57.72
126.19

8

97.84

9

74.46

10

75.48

11

64

12

43.58

2010

Optimal
Range
Excellent
Maximum
Optimal
Range
Optimal
Range
Optimal
Range
Optimal
Range
Outstanding

Ratio of
Evaluation
Scenario 4
Annual
result
average (%)

Excellent
Excellent
Outstanding
Optimal
Range

35.82
31.72
42.5

Excellent
Excellent
Outstanding

34.25
30.33
37.54

Excellent
Excellent
Excellent

52.97

Excellent

44.95

Good

36.58

Fair

48.15

Good

65.67

27.19
103.45

Minimum
Maximum
Optimal
Range
Optimal
Range
Optimal
Range
Optimal
Range
Outstanding

37.58
105.91

Fair
Maximum
Optimal
Range
Optimal
Range
Optimal
Range
Optimal
Range
Outstanding

57.72
126.19

85.73
94.67
69.18
73.35
53

94.63
76.98
72.68
68.81
46.57

97.58
74.46
75.47
64.57
43.58

Optimal
Range
Excellent
Maximum
Optimal
Range
Optimal
Range
Optimal
Range
Optimal
Range
Outstanding
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Due to the regulation of the reservoirs, the flow
regime of the upper reaches of the Yangtze Basin
is altered. The inflow of the three gorges reservoir
in flood season is decreased and that in dry season
is increased. The reservoirs release water stored in
flood season and the environmental demand of the
middle and lower reaches of the Yangtze River is
satisfied. Generally speaking, the regimes of the
inflow and discharge of the three gorges reservoir
are changed to some extent in different scenarios. The discharge of the three gorges reservoir is
increased more greatly in dry season and is decreased more greatly in flood season when more
reservoirs are considered, which reflects the influence of the reservoirs in the upper reaches of the
Yangtze Basin on the three gorges reservoir.
Conclusion
On the basis of improved SWAT model, hydrologic regime altered by hydraulic engineering construction in the upper reaches of the Yangtze River
is analyzed. In general, reservoirs reduce flow of
flood season while increase flow of dry season.
This phenomenon is caused by strong human activity with a large amount of reservoir storage,
leading to great changes to the whole water cycle.
However, assessed by Tennant method, flow regime can still satisfy eco-environmental demand.
Discussion
As have mentioned in introduction, SWAT
model has been improved according to different
study area features. In this paper, reservoir control module is improved by adding reservoir level
limit, and discharge of the reservoir is controlled.
However, eco-environmental demand and power
generation demand aren’t taken into consideration
which needs further study in the future.
The upper reaches of the Yangtze Basin belongs
to the same climate region. Commonly, rainy season starts at the middle June or the late June and
end at the middle September or the late September.
Hence, June to September is taken as flood season
during which reservoirs’ priority is flood control.
At the end of flood season, the middle September
512

to October, reservoirs begin to store water. Now
reservoirs’ total storage capacity reaches 30 billion cubic meter, and it will get up to 200 billion
cubic meter when all planned reservoirs are constructed. If all reservoirs store water at the same
time, flow will be greatly decreased and may not
satisfy eco-environmental demand. Therefore, the
schedule of water storage of reservoirs needs to be
studied in order to alleviate flow regime alteration
and to satisfy eco-environmental demand.
Human activities have led to global ecological and eco-environmental change (Ewa Lupikasza,2009, Shafiqur, 2009, Nicholls, 2006,
IPCC, 2007). As an important aspect of global
change, climate change may alter global or regional hydrologic cycle, and lead to temporal and
spatial redistribution of water resources and direct
influence on precipitation, evaporation, and runoff. It should be noted here that we attempted to
remove possible impacts of climatic variability/
changes on hydrological processes with the aim to
focus our attention on the influences of dam regulation on streamflow regimes. However, it is almost impossible to exactly differentiate individual
effects of climatic changes and human activities
in hydrological alterations to assess flow regime
alteration, it is needed to combine climate change
and human activities and take the interaction of
them into consideration.
The current research provides some references
on the impact of hydraulic engineering construction on hydrological and eco-environmental flow
processes. Regional water resources management
will be greatly benefited from the research results.
In spite of the advantages mentioned above, it
still essential to further investigate the negative
responses of eco-environmental system to hydrological from intensive hydraulic engineering construction in the upper reaches of Yangtze River.
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Experimental determination
of shear strength elements
of the samples by in situ
measurements and by
barton and inclined plane
method, followed by results
analyses for “Tajmiste” mine
Eksperimentalno određivanje elemenata
čvrstoće smicanja na uzorcima merenjem „insitu“ metodom bartona i strme ravni i analiza
rezultata za rudnik „Tajmište“
Miroslav Ignjatovic1, Snezana Ignjatovic2, Radoje Pantovic3
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Mining and Metallurgy Institute Bor, Serbia
University of Belgrade, Mining and Geology Faculty Belgrade, Serbia
University of Belgrade, Technical Faculty in Bor, Serbia

Abstract
Determination of shear strength elements for
rock is closely related to its geological and geotechnical properties. Starting point of our researches was determination of correlations between in situ rock mass and core samples used for
lab testing.
Mechanic properties of rock are very important
for solving many problems in theory and practice.
Underground objects make a complex system,
causing significant changes in rock mass stresses.
Stability of underground objects is essential for
any underground work, which means that stabil514

ity analyses must be performed in order to match
the requirements. Determination of slope stability,
whether the slope is natural or artificial, or underground object stability, is very much dependable
on shear strength elements.
Key words: rock mass, sample, shear strength,
inclined plane, stress.
Sazetak
Određivanje elemenata čvrstoće smicanja stena
u tesnoj je vezi sa inženjersko-geološkim svojstvima stenskog masiva. U vezi sa tim polazi se od
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technics technologies education management

poznatih korelacija koje postoje između masiva
„in-situ“ i uzoraka koji se ispituju u laboratoriji.
Istraživanje mehaničkih karakteristika stena
zauzima značajno mesto zbog važnosti rešavanja
problema u teoriji u praksi. Polazimo sa stanovišta
da objekti u masivu čine zajednički složeni sistem
i posle izrade nalaze se u novim naponskim uslovima. Krajnji cilj je da se stabilnost tako sračuna
da ona ispuni svoj zadatak. Rešavanje problema
stabilnosti prirodnih padina, veštačkih kosina,
podzemnih objekata, ne može se realizovati bez
poznavanja elemenata čvrstoće na smicanje.
Ključne reči: stenska masa, uzorak, čvrstoća
na smicanje, strma ravan, napon
1. Introduction
Analyses of shear strength elements on samples
of shale from Tajmiste mine were performed by
following methods: in the laboratories of Mining
Institute in Belgrade, by in situ tests and by Barton
and inclined plane method, made by M. Ignjatovic
for Ibar coal mines, Serbia [1].
Underground mining works cause changes in
underground stress distribution. Various underground objects, such as tunnels, headings, drifts,
etc., make a complex system [5], causing not only
changes in stress distribution above them, but
also bellows their floor. Determination of shear
strength elements [1] is necessary for tunnel stability analyses, mining method design, theoretical
analyses of underground stress, etc.
Determination of support for underground
openings is also related to shear strength of the
rock. Ever asking question is how reliable are the
results of shear strength elements gained by laboratory testing?
Usual procedure for determination of rock
properties is compressive strength testing, tension strength testing, shear strength testing, etc.
Strength is defined in the moment of breaking,
before the start of massive deformations [8,19].
Rock mass is often crosscut by joints and cracks,
where deformations are more effective, causing
the dividing of rock mass into blocks.
When a specific rock is tested, there is always a
problem i determination of breaking point. When
a task is to determine a stability of a rock, one of
2010

the most important parameters [3] is shear strength
[1], especially shear strength along the joints and
cracks.
Shear strength determination is a well known
procedure, which includes shape and dimensions
of samples, testing equipment, etc [6]. This paper
is about shear strength determination by Barton’s
inclined plane empiric method [11,17].
Samples were taken in Tajmiste mine and six
samples were tested. Simultaneously, laboratory
and field testing were performed [1] in order to
compare and validate results of empiric method.
The aim was to determine whether inclined plane
testing, which is fast and simple, can substitute
traditional laboratory and in situ testing.
2. Experimental determination of shear
strength parameters
Determination of shear strength parameters
was done in the laboratory of Mining Institute in
Belgrade. Shearing of shale samples was done
by Ross – Brown’s direct shearer, on pre – determined planes of six samples.
In situ tests were done at Tajmiste mine, and
shearing test took place in room II, located in
shale.
Remaining shale samples were tested by Barton’s method of direct shearing [1].
The procedure is as follows: Schmidt’s hammer is used for determination of rebound number
before the samples are sawed. After that, the samples are sawed into pairs by special diamond saw,
and then the rebound number is determined again,
both on wet and dry surface. Then, the remaining
parts of samples are slivered, thus gaining pairs
of small samples. Prepared pairs of samples are
placed on inclined plane [1]. Inclined plane is
gradually raised, up to the moment of slipping
(Figure 1a). For samples with fine contact surfaces, inclined plane is used for determination of residual internal shear angle. In this test, upper part
of the pair slipped at 30 ° inclination.
For the pairs made by sawing, slipping occurs
at approximately 30° inclination, while for slivered pairs slipping angle is over 60° (Figure 1b).
For samples with coarse contact surfaces, inclined
plane is used for determination of JRC coefficient.
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In this test, upper part of the pair slipped at 63,2 °
inclination.

where:
σc – uniaxial compressive strength of a joint
(MPa)
γ – density of a dry sample (kN/m3)
R – Schmidt’s hammer rebound number.
Orientation

a)

During the testing, it is very important to pay
attention on the position of the hammer related to
the surface. Rebound number is minimal in cases when the hammer is applied downwards, and
maximal when it is applied upwards. Hammer
always has to be applied perpendicular to sample
surface [1].
Sample dimensions
The testing would not be reregular if the sample
is moved when the hammer is applied. Therefore,
if tha sample is too small, it has to be tightened to
a ground [1]. For testing without tightening, the
samples should be at least 20 cm long in each direction [1], with regular planes.

b)
Figure 1. Inclined plane test of green shale
sample with fine contact surfaces (a) and sawed
surfaces (b)
2.1. Determination of joint contour stress
Determination of this parameter is very important. Influence of outside factors on joint contours
depends on rock properties [12], especially its
permeability. Joint contour strength (JCS) is determined by Schmidt’s hammer, and this strength
is equal to uniaxial compressive strength.
Schmidt’s hammer is an ideal solution for determination of strength by its rebound number.
This way it is possible to determine the values of
JCS from 20 to 300 MPa. Relation between rebound number (R) and compressive strength is:
1gs c = 0,00088 ⋅ γ ⋅ R + 1,01 ................. (1)
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2.2. Determination of basic friction angle φb
and residual friction angle φr
Range of values for basic friction angle was
from 27° to 32°, for shearing planes not exposed
to atmospheric influences [4,20]. The samples
were cut by diamond saw [13,18]. The mentioned
friction angles are strictly applied for the raw and
fresh surfaces but they canot be applied in case
of rock that has been exposed to atmosphere and
weather influences.
Empiric relation between basic (φb) and residual
friction angle (φr) is given in following equation:

j r = 10

o

+

r
R j b − 10

(

o

)

..................... (2)

Value of JRC for shale was determined visually by comparison from the profile, while rebound
number (r) was measured for each sample.
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Pieces of rock were cut by diamond saw in order to get samples for next procedure [15]. New
samples should be washed from dust and dried
on the air. A pair of samples is then placed onto
the plane, which is inclining till the samples start
sliding [1,21]. In this testing, approximate value of
normal stress was 5 kPa. Value of residual friction
angle, φr, was determined directly in the shearing
box and it was around 26°. Schmidt’s number (R)
will be measured later.
Empiric relation between φb and φr for results
gained by inclined plane test, is slightly different
from the previous relation (2):

j r = (j b − 20

o

) + 20

⋅

r
................... (3)
R

where:
R - Schmidt’s number for dry, flat surface
r - Schmidt’s number on wet and coarse surface.
2.3. Determination of JRC by inclined
plane
Inclined plane testing results are the base for
further calculations. Maximal dilatation angle, or
sliding angle (d0) is:
d o = a − j r . ................ (4)
Inclination angle of inclined plane is related to
shear stress τ and normal stress σn:
 t
a = arctg ⋅ 
s n


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


Normal stress, σn, caused by gravity force
which affects upper part of pair of samples, is:

s n = γ ⋅ h ⋅ coc 2a
Where h(m) is the height of upper part of pair
of samples.
Finally, JRC for inclined plane testing is:
JRC =
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a − jr
 JCS 

log
 sn 

....................... (6)

Followed by:




 JCS 
 + j r  ........... (7)
 sn 


t = s n ⋅ tg  JRC ⋅ log


3. Laboratory and field testing
Determination of shear strength parameters
was done in the laboratory of Mining Institute
in Belgrade, based on Ross – Brown principles.
The samples were cut to match the dimensions of
shearer frame.
In situ tests were performed inside Tajmiste
mine [16,19]. There were three sample blocks,
with dimensions 80 x 80 x 32 cm.
Interpretation of laboratory and field test results
is a base for Barton’s empiric equation:

j b = arctg

JCS
t
= JRC ⋅ log
+ s r ........ (8)
sn
sn

where:
τ – maximal shear stress,
σn – normal stress,
φr – residual friction angle.
3.1. Analysis of in situ test results
In situ tests were performed in Room II of
Tajmiste mine, in shale. Based on test results, for
each sample, we’ve made δH – τ and σn - τn diagrams. Test results are given in table 1.
Table 1. Results of in situ tests
Sample Normal stress Shear stress Deformation
block
(σn) kPa
(τ) kPa
(δH) mm
1
2
3

110
325
637

265
352
555

4,90
3,49
5,70

Graphical views of tests in Room II are given
in Figures 2 and 3.
Basic friction angle φb, according to in situ
tests, is 29° 08'.
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3.2. Analysis of laboratory test results
If the samples had visible cracks, shearing was
performed along these weakened planes. Complete test results were given in [1], and final results
are shown here, in the table below.
Shearing test results for solid samples are
shown in table 3.
According to laboratory tests basic friction angle for shale is 31° 43’.
Table 2. Results of shearing tests for samples with
weakened planes in green shale

Figure 2. Diagram δH - τ for shale samples in
Room II

Sample
number

Friction angle
(φb)

Cohesion (c)
kPa

1
12
16
17
28
44

32º 48’
32º 42’
25º 18’
37º 57’
32º 49’
31º 13’

303
289
377
200
296
405

3.3. Comparison of results

Figure 3. Diagram σn - τn for shale samples in
Room II

Reviewing the results of Schmidt’s hammer testing, along with inclined plane testing, we can perform necessary calculations and compare results.
The results of Schmidt’s hammer testing, for
sample 12, are as follows:
–– Schmidt’s number on wet surface		
r = 11
–– Schmidt’s number on dry surface		
R = 13,4
–– density					
γ = 28 kN/m3
–– joint contour strength			
JCS = 49 MPa
–– ample height				
h = 0,0235 m

Table 3. Results of shearing tests for solid samples
Sample number
1
12
16
17
28
44
518

Vertical stress (σ), kPa
400
800
1600
415
865
1749
423
879
1839
386
842
1798
440
856
1871
393
805
1564
423
920
1788

400
590
549
535
520
550
644

Shear stress (t), kPa
800
1600
830
1440
875
1460
810
1215
900
1656
815
1305
955
1530
2010
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Results of inclined plane test on small samples:
–– for smooth surface				
φb = 30°
–– for coarse surface				
α = 63,2°

curate, so this method can be used in each phase
of rock mass analyses, from exploration drilling to
excavation.

s n = γ ⋅ h ⋅ cos 2 a
s n = 28 ,0 ⋅ 0,0235 ⋅ 0,203 = 0,136 kPa
JRC =

a − φr
 JCS 

1og 
s
 n 

=

φ r = (φb − 20

63 ,2 o − 26 ,5 o
= 6,60
49


1og 

 0,000136 
o

) + 20 (r / R )

φ r = (30 − 20 ) + 20 (1 / 13 ,4) = 26 ,5 o



 JCS 
 + φ r 
 sn 


t = s n ⋅ tg  JRC ⋅ 1og 


t = 0,136 ⋅ tg (6,60 ⋅ 5,5 + 26 ,5) = 0,268 kPa
Basic friction angle Øb determined by Barton’s
inclined plane method is 29° 58’
Basic friction angle Øb determined by various
methods:
–– In situ testing 29º 08’
–– Laboratory testing 31° 43’
–– Barton’s inclined plane method 29° 58’.

Figure 4. Shear strength diagram (τ – σ); 1 – in
situ test, 2 – laboratory test, 3 – Barton’s inclined
plane test

4. Conclusion
This paper shows the analyses of results from
various shear strength testing, including in situ
tests, laboratory tests and inclined plane tests. All
samples were gained from Tajmiste mine.
Paper provides methodology for determination
of influence parameters needed for empiric relation between τ and σ. Dependence of friction angle
and shear and normal stress was also examined.
Beside theoretical considerations, this paper
shows relation between parameters, thus enabling
their empiric connection, in order to simplify determination of shear strength and define the breaking curve in τ – σ diagram (Figure 4).
Comparison of test results shows that results of
Barton’s inclined plane testing are reliable and ac2010
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The policy of rural
development and agroenvironmental protection in
the Western Balkan countries
and European union –
comparative analysis
Politika ruralnog razvoja i zaštita agrookruženja u zemljama Zapadnog Balkana i
Evropskoj uniji – komparativna analiza
Koviljko Lovre, Stanislav Zekic, Milivoj Gajic
Faculty of Economics Subotica, University of Novi Sad, Serbia

Abstract
The agricultural policies of the Western Balkans countries during the Communist era resulted
in considerable environmental problems, which
are still present to varying degrees even after a
considerable decrease in agricultural inputs during the 1990s. The existing low input and low intensity agriculture practiced in these countries can
be perceived in certain respects as an opportunity
for environmental sustainability in the agricultural
sector. The concept of rural development is not
new in the Western Balkan countries where agriculture maintains its dominant position in rural
regions. However, it is obvious that an adequate
rural development requires balanced development
of all economic activities, not just agriculture. Additionally, these countries which are preparing for
the membership in the European Union must follow European model of rural development which
promote multifunctional agriculture and the inte2010

gral rural development concept with more respect
to environmental protection.
Key words: Rural development, Agro-environment, Agriculture, the Western Balkan, European Union.
Sažetak
Agrarna politika u zemljama Zapadnog Balkana, tokom komunističke ere, rezultirala je,
između ostalog, i problemima u agro-okruženju.
Čak i posle značajnog smanjenja upotrebe inputa
u poljoprivrednoj proizvodnji tokom tranzicionog
perioda, ovi problemi su u različitom stepenu i
danas prisutni. Postojeći nizak obim upotrebe
inputa i niska intenzivnost poljoprivrede mogu
predstavljati šansu sa aspekta ekološke održivosti
agrarnog sektora. Sam koncept ruralnog razvoja
nije nov za zemlje Zapadnog Balkana u kojima je
poljoprivreda zadržala dominantno mesto u rural521
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nim područjima. Međutim, jasno je da adekvatan
ruralni razvoj iziskuje balansiran razvoja svih
ekonomskih aktivnosti, a ne samo poljoprivrede.
Pored toga, ove zemlje koje se pripremaju za
članstvo u Evropskoj uniji moraju slediti evropski
model ruralnog razvoja koji promoviše multifunkcionalnost poljoprivrede i koncept integralnog ruralnog razvoja koji u sve većoj meri uvažava pitanje zaštite životne sredine.
Ključne reči: Ruralni razvoj, agro-okruženje,
poljoprivreda, Zapadni Balkan, Evropska unija.
Introductory notes
The process of economic transformation in the
Western Balkan needs necessary changes in institutions and attitudes would take considerably
longer. This is particularly the case in the typically large agricultural sectors of these countries.
Even after years of the political, economic and
structural changes, there still is an urgent need for
comprehensive agricultural development strategies, related policy instruments and effective institutional arrangements for sustainable development. Agriculture has long been identified as a
potential source of transformation difficulties and
a substantial amount of information and analysis
has been produced on specific issues concerning agriculture, food and the rural economy. The
countries which have aim to become members
of European Union (EU) must improve competitiveness of their agriculture. However, it is
also important for them to conserve their vital
natural resources and maintain landscapes that
have been created over centuries. Government
policies in transition economics should aim at
facilitating structural adjustment in agriculture,
not only to enhance competitiveness and economic efficiency but also to protect the environment and maintain social welfare in rural areas.
1. Rural development policy in the Western
Balkans countries
The concept of rural development is not new in
the Western Balkan countries. Rural development
programs in these countries were in close connec522

tion with rural population, and the aims were as follows: a) providing employment for the labor force
in the farming sector after the farming season, and
b) providing employment for families in the rural
regions who do not work in the farming sector.
These aims were accomplished through encouraging small and middle firms in the villages, and often
even in some parts of collective farms. Connecting
rural industry with agriculture was often planned in
such a manner so as to suit relatively unqualified
labor force and such industry was mainly work intensive. Many of these industrial and agro-industrial firms were closed during the transition period.
That was understandable having in mind that these
firms were not economic efficiently, and the product quality was below the standard of the countries
in developed market economies.
It is obvious that an adequate rural development
requires balanced development of all economic
activities, not just agriculture. In the Western Balkan countries, the development of infrastructural
network as well as raising general service level is
important, especially in education and health sectors. Within this context, the role of agriculture in
rural development is identified not only through
the reduction in the number of workers employed
in agriculture, but also in connection with the development of sustainable rural industry. Besides,
the development of the marketing services for
farmers is also necessary. By stabilizing the economic conditions in the agricultural sector in the
Western Balkan countries, it will be necessary to
provide technology, equipment, products for plant
protection, veterinary equipment, and there will
be the need for more efficient extension service,
especially in the field of finance. Such processes
will entail better conditions in the sector of processing of farming products, as well as in the input
industry. The most of pre and post farm sectors
could “play” a significant role in rural development (Zekić S, 2008).
According to the Albanian agricultural development strategy from 1998, the improvement
in rural undeveloped regions was left to private
initiative. The resources for financing rural development programs in Bosnia and Herzegovina
are not substantial and mainly depend on foreign donations. In Croatia, the support for rural
development is provided through direct transfers
2010
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to producers of dairy products, fruit and grape in
the so-called “strategic region”, as well as through
financing the development of rural tourism. In
Macedonia, the resources used to revitalize villages have been increased, and this has been accompanied by an increase in government capital
transfers to provide credit investment programs of
agricultural structural development. The support
to investment programs of the development of the
rural areas in Serbia is very modest, which is the
result of severe budget restrictions at the macro
level (Popović V, Cvijanović D, Zivković V, 2003).

Figure 1. Rural, agricultural and active agricultural population in the Western Balkans countries
Source: Zekić S, Gajić, M. Lovre K. (2009), p. 224.

The rural sector in the Western Balkan countries is relatively large – about 48% inhabitants
live in the rural area, and they are largely associated with agriculture – farm inhabitants make
up around 1/3 of rural population – in Albania
even 81% of rural population. It’s relatively a lot
compared to the EU, where 1/4 of inhabitants live
in the rural area, and every fifth person works in
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 (Figure
1). 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. According to all the
criteria mentioned above, Albania represents “the
most rural” and “the most agricultural” country in
the region, which it largely owes to the farm structure. Agricultural structure highly affects the re2010

source structure in other countries in the Western
Balkans as well, which is reflected in the level of
agricultural productivity and the competitiveness
of the agrarian, and consequently the whole rural
sector (Zekić S, Gajić, M. Lovre K, 2009).
2. Policy of agro-environment protection in
the Western Balkans Countries
2.1. Environmental features of agriculture
in the pre and post-transition period
The driving forces for environmental problems
in the Western Balkans countries can be divided
into two main categories. The first problems are
resulting from intensive agricultural production in
the socialist regime, mostly on large farm in social or state ownership. Second, marginalization
and abandonment of agricultural land use due to
the transitional agricultural crisis. These different
challenges posed by intensification and abandonment of farming highlight the complexity of the
relationship between agriculture and environment.
It is clear; on the one hand that in the past, the
institutionalization of agriculture and inappropriate policies has caused many environmental
problems. On the other hand, state ownership of
areas with high natural value in some countries
is a guarantee that the management regime to be
suitable for the preservation of natural resources.
The Western Balkans countries contains a significant proportion Europe’s biodiversity, as a result
of mostly low-input and low-intensity agricultural practices still used in these countries. Good
protected areas systems exist in most the Western
Balkans countries and these should be maintained
and important areas not yet protected be identified.
As with the Central and Eastern Europe countries,
European Commission requires, the presentation
of lists of proposed Nature 2000 sites, and the
adoption of national legislation capable of implementing the Birds (92/43) and Habitats (79/409)
Directives, and identify the areas which fall under
these directives. In the Western Balkans countries
this work should be carried out as soon as possible
because the agricultural development is proceeding in advance of the necessary steps being taken
to safeguard biodiversity.
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As a result of restitution and land privatization, major parts of protected areas in the Western Balkans countries now consist of privately
owned farmed areas. The realization of conservation objectives in areas of high nature value, including small private holdings, is a challenge for
the applicant countries. Private ownership may
necessitate extensive consultation with stakeholder interest groups and the establishment of
compensation or incentive systems to secure the
cooperation of farmers. In the Western Balkans
countries, there is a little if any experience of
either activity.
One new possibility for the Western Balkans countries to secure the long-term conservation of their biodiversity, maintain agricultural land management and help support rural
employment, is to devise agri-environmental
schemes. With the prospect of accession to the
EU, the elaboration and implementation of agri
-environmental measures become highly important as the compulsory element of the Rural
Development Regulation (1257/99).
2.2. Accession to the European Union
The associated the Western Balkans countries desire for membership of the EU has thus
led them to begin a process of review and “approximation” of all their national legislation and
policies to the Acquis Communautaire. EU environmental legislation has developed over the
last 30 years and currently comprises more than
300 legal acts. However, the body of EU environmental legislation, with which the associated countries eventually will have to align their
national legislation and administrative practices
- the so called Environmental Acquis - is considerably smaller. It consists of mainly about 70
directives - some of which, however, have been
amended several times and supplemented with
“daughter” directives - and 21 regulations (European Commission, 1997).
The approximation process includes three key
elements:
–– To adopt or change national laws, rules,
and procedures so that the requirements of
the relevant EU law are fully incorporated
524

into the national legal order (known as
“Transposition”);
–– To provide the institutions and budgets
necessary to carry out the laws and
regulations (known as the “Implementation
or Practical Application”) of the directive;
–– To provide the necessary controls and
penalties to ensure that the law is being
complied with fully enforcement.
In the forthcoming enlargement of the EU the
environmental dimension will represent greater
challenges than in any previous accession. This relates both to the sheer scale of past environmental
liabilities and the gap in the level of environmental protection and legal administrative capacity in
the Western Balkans countries compared with the
situation in the EU.
2.3. Reforms of the agri-environmental
policies
Faced with adjusting to political and economic
transformation, and the continuing environmental legacy, the Western Balkans countries have
attempted deliberately to build up institutional,
informational and financial capacity for environmental protection, using a wide range of instruments. Concerning available policy instruments,
regulation is the most widely applied tool in all
policy fields with the exception of environmentally friendly farming, which lacks a specific legal framework in the majority of countries. The
Western Balkans countries also apply financial
instruments, among which penalties and taxes are
the most commonly used. However, the application of financial incentives is limited to only a
few cases. Many countries regard existing environmental legislation as outdated and inefficient.
In general, environmental policy in state socialist
societies displayed a paradoxical combination of
extensive and detailed environmental legislation,
which in some cases set more exacting standards
above those in the Western Europe.
In all these countries, new environmental legislation has been, or is being passed in order partly
to signify a break from the past pattern of overly
detailed legislation combined with ineffective im2010
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plementation, and partly to bring legislation into
line with EU norms, in anticipation of future EU
memberships.
As regards nature protection, many countries
have recently enacted legislation on protected
areas which complies to various degrees with existing EU legislation. Many also have legislation
on the protection of wild animal and plant species. But the administration and management of
protected areas suffers from a lack of funds and
human resources. Law enforcement and public
awareness of nature conservation are also weak.
The use of standards and fines in the Western
Balkans countries as the primary enforcement
policies has been largely discredited due to lax enforcement under central planning. Enforcement of
standards was not taken seriously and the fines imposed were very low. The implementation and enforcement of existing law continue to be a major
concern in the Western Balkans countries. In most
countries however significant work remains to establish a structure that can fully apply and enforce
the acquis. Adopting EU standards immediately
and expecting compliance is unrealistic. First,
clear benchmarks and sanctions should be established. These sanctions should be strictly enforced
if benchmarks are not met. The challenge is to create a credible enforcement regime. Strengthening
enforcement also requires consistent and fair application of the laws.
In order to implement effectively and enforce
the environmental acquis, existing structures need
to be strengthened and new institutions created,
for which competent and responsible human resources and financial assistance need to be made
available. In the Western Balkans countries the
legal-administrative capacity of Environmental
Ministries, sub national and local implementation
structures, systems of monitoring and enforcement remains inadequate in many cases.
Enforcement, however, is not just a problem for
the Western Balkans countries, but also a growing focus of attention within the European Union.
This is because of the problems of uneven implementation by the existing Member States and the
recognition that compliance problems can arise
even in countries which otherwise have relatively
strong laws and procedures. The fundamental difficulty remains the reluctance of Member States to
2010

acknowledge the requirement for the Community
to possess a more significant role in monitoring
and enforcement policy.
Ministry of democratic governments in the
Western Balkans countries frequently had no experience in administration. They were also consumed by the political necessity of reforming their
economics and societies as rapidly as possible.
This meant that there was generally little time
spent on giving clear direction to the civil service
or improving efficiency. The civil services, which
had served the previous communist regimes with
totally different priorities and working methods,
have had to cope with new regimes. Management
techniques employed in the civil services of many
of these countries arc relatively under-developed
considering the challenges, which they face. Apart
from this, the whole environmental administrative
structure in most countries has been in constant
change during the past decades, which can undermine the effectiveness of enforcement.
Regarding financial support, the main part of
this is provided by national governments. However, international organizations and the EU contribute significantly to activities that focus on the
protection or improvement of water quality, biodiversity, and the promotion of environmental
friendly farming practices. Despite financial assistance from governmental, international, commercial and NGO sources, the need for additional
fiscal support is high, particularly with regard to
meeting the challenges of accession to the EU.
3. The rural development and agrienvironmental policy in European Union
3.1. The rural development policy
Common Agricultural Policy (CAP) of the EU
developed simultaneously with the formation of
the European Community, within the Rome accord
of 1957. Essence of the agreement as it relates to
agriculture streams from the decisions concerning
the inclusion of agriculture within the common
market, implicitly bringing down the preexistent
trade barriers among the six member nations while
at the same time establishing the common trade
and tariff system. Common market, financial co525
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hesion and solidarity, and finally the orientation
towards formation of the economic community
represented the three founding principles of the
Common Agricultural Policy.
Introduction of the structural programs (funds
in essence) into CAP was envisioned already within the European Community plans of 1963. Mansholt Plan of 1968 was meant to insure the reduction of the price support by introducing objective
methods of price formation coupled by improved
productive capabilities designed to supplement
the planned decrease of the input usage. Reality,
though, proved that the price support was still by
far the preferred method. This system, inherently,
was much more beneficial for large producers thus
in time it inevitably resulted in deepening of the
economic gap within the agricultural sector of the
Community at the same time resulting in ever increasing stocks of products. At the same time such
support system did not in any way influence the
level of productivity and/or the improvement in
the productive structures. High prices allowed the
survival of non-efficient producers with the corollary in uneconomic level of labor force in the
agricultural sector.
The goal of the reform of 1992 (MacSharry
Reform) was to substitute the price support measures by the system of direct payments, as well as
to develop the comprehensive rural development
policy. The main goal of the reform, as decided by
the Ministerial Council in May of 1992, was to reduce the overall price level, introduce productive
restrictions, while at the same time compensating
the producers via the direct payment system.
Subsequently, Maastricht agreement (1992)
incorporated the clause that directed all of the
sectoral policies in a direction of the social and
economic cohesion of the community while at the
same time paying due attention to the protection of
natural resources and towards the implementation
of the higher health standards. Such orientation
was subsequently reinforced within the Amsterdam agreement of 1997, which are already mention the main objectives of CAP added following
three: namely protection of natural resources, improvement of regional cohesion, and the improvement of the level of health codes. AGENDA 2000
agreement defines additional dimensions and directions of the development of CAP that are in
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line with the desired strategic goal of achieving
higher quality and safety of food, insuring the adequate standards of living for farmers, improvement of agricultural structures, integration of the
ecological and natural protection standards within
the CAP, integrated sustainable rural development
through the economic diversification of the rural
economy. Goals as defined within the AGENDA
2000 imply the necessity of switching off from the
system of direct payments to predominantly structural measures and the system of payment in areas
as defined in cultural, regional, and/or ecological
standards. Thus, Common Agricultural Policy
has evolved into Common Agricultural and Rural
Development Policy (CARPE). The main aim of
CARPE represents the development of economically efficient and ecologically sustainable agriculture, while at the same time promoting system
of integral rural development within the EU.
Evolution of the new rural development policy
requires transformation of the agricultural policy of
the EU from strictly sectoral policy that includes,
through agricultural market, the support for agricultural producers, to more integrated policy that
would allow for the support of the diversified activities of the EU rural areas. From the outset of the
CAP that essentially was directing major portion
of the Community budget towards the rural areas,
CAP has come to the present point that will necessarily have to be characterized by the abandonment of the former market (price) support for the
agricultural sector, towards more balanced system
of direct payments directed towards the areas that
are eligible to receive those funds based upon predefined cultural, ecological, and/or rural development standards. In its essence the shape of the goals
of the new and improved rural development policy
is rather clear, yet what remains to be seen is how
this policy will deal with the problems defining
measures and defining fundamental principles that
are to guide the CAP. The main goal of CARPE is
defined as achievement of the economically efficient and ecologically sustainable agriculture while
at the same time stimulating the process of the integral rural development of the EU.
The aim of the 2003 Common Agricultural
Policy reform was to additionally strengthen the
rural development policy and to simplify its implementation. The reform will increase coherence,
2010
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transparence and clarity, and the member states
and regions will have more freedom to carry out
their own programmes. By introducing special
funds and programme instruments, the new policy
should be much simpler for implementation, management and control. The new approach will create an authentic strategy for EU rural development,
enhance the control, evaluation and reporting, and
promote the bottom-up approach. (Bogdanov N,
2004). The strengthening of the support for rural
development policy has been manifested through
increasing funds devoted to promotion and measures of support for rural development. Therefore,
through modulation, the direct payments for big
farms, with direct support of over 5000 €, were
reduced by 3% in 2005, 4% in 2006, and 5% in
2007. This can “release” the resources for financing additional measures of support for rural development amounting to 1.2 billion € annually. This
represents a significant spread of activity of current
instruments of rural development towards promoting food quality, conforming to high standards and
improving the cattle breeding conditions. A part of
the resources provided through modulation (20%)
will stay in the country where the resources have
been generated, while the rest will be redistributed
between member states, according to the amount
of arable soil, the number of workers in agriculture
and GDP per capita. The reduction of direct support will not be applied to peripheral EU regions,
and the new member states will be exempt as well,
until direct payments to farmers in these countries
do not reach those of the 15 “old” member states.
According to the Article 9(1) of the Council
Regulation of 20th September 2005 (Council Regulation – EC, No 1698/2005), new directions of the
strategic EU rural development were projected for
the period between 2007 and 2013. Five months
later, on 20th February 2006, the Agricultural Council adopted the proposed Regulation. The Strategy
promotes the multifunctional role of agriculture to
preserve the landscape appearance and diversity,
enhance the quality of farm products, protect the
cultural and natural heritage in rural regions, etc. In
addition, it identifies the regions which are important for realization of previously defined priorities
of the Union. According to the Strategy, each member state should draw up a national strategic plan in
order to begin preparations for rural development
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programs. Within the given period, the EU rural
development policy will be focused on: a) promotion of knowledge and innovations, and improvement in competitiveness of the agrarian and forest
sectors; b) improvement in environmental protection in rural regions, and c) increasing the quality
of life in rural regions and diversification of rural
economy, which can be enabled through the development of local infrastructure and human capital,
thus improving the employment opportunities in
non-agricultural activities (EU Commission, 2006).
Financing the rural development policy is enabled
by European Agriculture Fund for Rural Development – EAFRD, which was founded on 21st June
2005 (Council Regulation – EC, No 1290/2005)
The total sum of resources allotted to the rural development policy for the period between 2007 and
2013 is amount 88.78 billion €, out of which almost
2/3 or 56.0 billion € comes from EAGGF Guarantee section, and approximately 1/3 or 31.1 billion
€ from Guidance section. The LEADER program
will provide 1.5 billion €.
The new rural development policy must inherently represent symbiosis of several factors. In the
first place those factors would include the efficient
agricultural policy, and sustainable rural development; the interrelation among those factors is to be
much improved in comparison with the past. It is
of essence to reduce the potential and real conflicts
between the agricultural production and the environmental aspects of the rural regions as a whole,
which in itself represents the very essence of the
sustainable economic development. In the second
instance, original instruments of CARPE have to
be transformed from the previously distorsionary
and misbalanced approach to agriculture, whereby
some sectors do receive high level of economic
stimulus, at the expense of the others; additionally
quota policy as a dissimulate factor should be reconsidered. Thirdly, new rural development policy
should lead towards a closer integration of European agriculture into global food system than was
the case in the past.
Measures such as these should lead, globally, to
less distortion effects brought on by the effects of
subsidies as well as of the import quota system. In
addition, positive implications of the above measures should allow European farmers to “prove”
their competitiveness in the global marketplace.
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3.2. The policy of agri-environment
protection
Since 1992, the Community has supported agricultural production methods, which respect the
environment and biodiversity. The Agri-Environmental Regulation (EEC 2078/92) was one of
the accompanying measures of the CAP Reform
in 1992, which fundamentally changed EU policy, placing more emphasis on the integration of
agricultural and environmental policies. One of
the most important aims of the Regulation was to
promote and encourage agricultural production
methods compatible with the protection of the
environment and the maintenance of the countryside while, at the same time, contributing to
the provision of an appropriate income for farmers (European Commission, 1992). Member States
were required to submit, by the 30th July 1993,
draft regulatory frameworks for the implementation of five-year (1993-1997) agri-environmental
aid schemes. The level of payment made to farmers engaging voluntary in agri-environmental aid
schemes are established according to three criteria: costs incurred, income foregone, and incentive elements (which must not normally exceed
20% of the former). As the Commission states:
“premium should be regarded as compensation
for the costs of delivering environmental public
goods and cannot be regarded as subsidies in an
economic sense” (Lovre K, 2002).
Agri-environmental schemes have been running in the majority of Member States for seven
years. By 2000, more than 160 Agri-environmental
programs had been approved, representing 18% of
total EU farmland. The participation target (15%
farmland) set by the 5th Environmental Action Program has therefore been achieved. However, looking at the environmental benefits of the programs,
it is clear that there is room for improvement. According to the report of the Community’s Court
of Auditors, the Regulation 2078/92 and agrienvironmental policy in terms of its implementation, has proved most effective in maintaining
extensive and environmentally friendly farming
systems and practices. It has proved notably less
effective in bringing about any major de-intensification of agriculture in the most sensitive areas in
terms of environmental pollution, either because
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of poor take-up rates or because schemes have not
been targeted in such zones. Poor promotion of
agri-environmental programs was identified as a
factor-restricting uptake in several Member States.
Agri-environmental measures have had very little effect in converting intensive practices to extensive farming. One of the main reasons for this
unsatisfactory performance is the Commission’s
and Member States’ weaknesses in resource targeting, program design, approval and evaluation.
It can be concluded that too little monitoring is
built into some of the schemes. This is partly because little attention has been paid by European
Commission on the evaluation of the program
and the adequate baseline surveys of important
habitats and species against which progress could
have been measured is missing. Poor design and
implementation of agri-environmental programs
across many Member States have resulted in few
benefits to species and habitats of high conservation importance. Few programs approved under
the regulation have been used to help fulfill the
requirements of important European legislation
such as the Birds and Habitats Directives. This
has resulted from the fact that few Member States
have clearly stated conservation strategies for
their programs setting out priority species and target habitats and areas. In addition, the implementation of programs turned out to be very costly in
terms of their administration and control (Lovre
K, 2002).
The allocation of funds was determined
mainly by the priorities of governments and
regional authorities. This resulted in high financing in some countries and regions with
less urgent environmental problems, while
pressing environmental needs remained unaddressed in countries which did not implement
comprehensive programs. Besides the above
mentioned criticisms, there are some further
negative characteristics of the schemes (European Commission, 2000):
–– Much of the EU agri-environmental policy
can be seen as seeking to undo what the
more traditional aspects of CAP have done;
–– The proportion of the EAGGF budget
going to agri-environmental schemes is
less than 5% of that going to other forms
of direct aids;
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–– Regions benefiting the most from agrienvironmental aid are not necessarily
the poorest or the most threatened by
environmental or farm income decline;
–– The failure to develop environmental
indicators on the basis of which the impact
of the programs could be quantified;
–– With respect to control, the Commission
does not routinely visit Member States to
verify the data or analyses submitted by
them nor do the EU Agri-environment
Unit personnel routinely conduct missions
to verify that programs are in practice
providing good environmental value for
money;
–– With respect of staff requirement, the
Commission underestimated the workload
and failed to deploy enough human
resources for the Agri-environment Unit.
Following agreement on the Agenda 2000
reforms, agri-environmental measures became
a component of the new rural policy strand of
the CAP. The Rural Development Regulation
1257/99, covering the period 2000-2006. states
that “a prominent role should be given to agri-environmental instruments to support the sustainable development of rural areas and to respond
to society’s increasing demand for environmental services” (European Commission, 1999).
The Common Agricultural Policy reform, represented in the document “Agenda 2000” includes
measures for protection of the new EU rural policy, while the latest 2003 CAP reform emphasizes
the protection of agro-environment and “sustainable agriculture“, which can be carried out in two
ways. The first approach, cross-compliance, links
all new Single Payment Schemes, as well as other measures of direct support to: environmental
protection in agriculture, food safety, animal and
plant welfare as well as the improvement of cattle
breeding conditions. In addition, there are new
explicit requirements directed towards farm producers, which are related to keeping the farmland
in good agricultural and environmental conditions and to reducing the support and introducing
sanctions in case that these requirements are not
met. The approach mentioned has already been
included in CAP, and it will become much more
2010

significant and obligatory as the Single Payment
Scheme, introduced with this reform, finally starts
being applied to EU agriculture. The second approach is represented through agro-environmental
protection measures. Environmental protection in
agriculture will be promoted through measures of
rural development that are included in the agreement concerning the CAP reform, as well as
through additional funds which are available owing to modulation. As far as other improvements
related to agro-environmental protection are concerned, the EU support will increase by 85% for
costs in regions marked as Objective 1, and by
60% for other regions. In order to be more effective, these measures should be, to a greater extent,
adjusted to specific local features or even specific
farm features.
Conclusions
The agri-environmental problems that exist in the Western Balkan countries partly result
from decades of inappropriate management and
intensified agricultural production on social/state
farm units. As a result of the reduced government
support for agricultural production in the 1990s,
there has been a decrease in use of agricultural input and, inevitably therefore, a reduction in some
of the pressures on the environment. Conversely,
concern for biodiversity loss as a consequence of
land abandonment is increasing among the Western Balkan countries. The Western Balkan countries possess vast areas of high nature value which
contribute considerably to the biological diversity
of Europe. To keep these natural assets and at
the same time to develop and manage economically and environmentally sustainable framework,
forms a major challenge. As agricultural sector
productivity improves, especially where agricultural policies stimulate intensive use, there is a real
possibility that environmental risks will increase.
The reality of using low input level can be perceived as an environmental opportunity for the
region. However, this situation is only an opportunity if agricultural production can be increased
without again increasing pollution. Since official agricultural policies in most Western Balkan
countries aim to reverse the decline in yields and
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provide relatively little support to environmentally friendly types of farming, there must be concern
that this opportunity might be missed. One way of
encouraging sustainability in the agricultural sector is the development and implementation of well
targeted agri-environmental policies. These policies would support biodiversity conservation and
nature friendly farming methods, and also provide social benefits to rural communities whereby
supporting labor intensive farming methods and
funding additional conservation work in the countryside; they can help to retain rural employment.
In view of an enlarged Europe, they have a
crucial importance because they are a production-decoupled farm income support which is,
therefore, more likely to be compatible with
WTO commitments than other subsidies.
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Abstract
Mountainous highway goes through complex
geographic and geological regions and causes
safety problem. Understanding the mechanism
of crash occurrence well and providing effective
safety improvement measures is a challenging task
that traffic engineers and researchers have to confront. In the past decades, many studies focused
on the safety issue of urban road have resulted in
numerous of models and methods to quantify the
safety effects of geometric, traffic variables, environmental, and human factors on the occurrence
of crash at specific locations. The similar concerns
on mountainous highway, however, have rarely
been performed. This paper presents the details
of an investigation aimed at identifying critical
geometric factors contributing towards higher
crash rate in mountainous highways. The objectives of this research are to (1) demonstrate the
relationship that crash occurrence is associated to
geometric variables in different ways, (2) inspire
the insight regarding causes of occurrence and
countermeasure, and (3) provide concrete proposals in improving the current Technical Standard
of Highway Engineering. Based on 5426 motor
vehicle crashes collected on three freeways (Jingzhu, Chengyu and Shenda) in the mountainous areas of Southeast, Southwest and Northeast China,
2010

contributory geometric factors are divided into
three categories: including horizontal alignment,
vertical alignment and cross section, and then detailed effects of geometric variables (e.g., radius
of horizontal curve, angle of deflection, grade, radius of vertical curve, number of lanes and lane
width, presence of shoulders and subgrades, etc.)
are separately discussed and quantified through
the relation with crash rate. Results of this study
shows current standard of roadway design has not
given full attention to mountainous highways, and
geometric design in these regions should involve
much stricter requirements of technical parameters, as proposed in this research.
Key words: Mountainous highway, crash occurrence, geometric factor, horizontal alignment,
vertical alignment, cross section
1. Introduction
For over 20 years, China has witnessed rapid
economic growth and urbanization promotion. Its
vast rural mountainous areas (mountain, plateau
and hilly area), covering more than 85% of the
total land territory of China, however, are generally marginalized from this development process.
In recent years, government’s priorities, enormous
efforts and various policies have been made to ad531
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dress these issues, and fortunately, the effects are
significant, in which a substantial rise in the number
of traffic crashes, injuries and fatalities are a key
concern. A recent government report surveyed from
four typical provinces, including Fujian, Guangdong, Zhejiang and Shandong, by the National Policy Agency shows these crashes account for more
than 60% of all crashes, more serious in Southeast
and Southwest China [1]. Owing to the mountainous landscape, the number of mountainous highway crashes has increased from 693 in 1997 to approximately 1,300 in 2007 in Fujian [2]. In Europe
and US, the sharp increase of accidents related to
highway within mountainous regions, costing more
than several billions of dollars annually [3~5].
Over the past years, with the enormous losses
to society resulting from crashes and fatalities
on mountainous highways, numerous researches
have continually sought a variety of quantitative
ways to gain a better understanding of factors and
causes that affect the occurrence likelihood of
crashes so as to provide decision-making support
for policies and countermeasures for reducing the
crashes and facilities [6~9]. Recently, the National
Highway Traffic Safety Administration (NHTSA)
et al have expressed concerns over 8 highways
from mountain areas in Yunnan, Sichuan and Guizhou and argued that about 37.5% cases have been
caused by geometric factors, contributing towards
fatal collisions and fatalities, among which improper segmentation contributes 26.5%, nonfattening warning sign 19.2%, and more serious in
tunnels than on open stretches of highway [10].
By contrast, safety condition has been enhanced
significantly, with extra used management measures, such as warning signs marked by “don’t
fool yourself, speed kills” et al.
In the research ﬁeld of traffic safety, it is important for us not only to identify the contributory factors but also to learn the contribution of geometric,
human, and environmental factors to the problem at
hand well [11~13]. Wang et al used rear-end crashes over 2003-2005 on mountainous two-lane highway in Gansu to analyze the relationship between
the highway’s safety level and geometric features,
which shows that accumulated vertical slope length
has significant contribution to crashes and too long
successive down slope should be avoided [14]. This
indicates the importance of warning sign settle532

ment. Brauers et al argued that safety issues should
be considered in the multi-objective optimization
of road design alternatives in highway design [15].
By investigating the crashes observed in 2004 and
2005 on the Attica Tollway, Kopelias et al presented
a long list of potentially contributing factors, downhill grade sections, and curves, lack of speed limit,
etc. In the presentation at TRB 86th Annual Meeting, they even argued that such geometric roadway
characteristics and the presence of rain or wet pavements may likely contribute to about 5~10% of the
total crashes [16].
To provide a broad overview, mountainous highway presents a hazardous environment to drivers,
induced by the presence of complex topography,
diverse terrain, environmental barriers and lack of
facilities, et al. Thus, crash avoidance is a systemic
work and design, construction and operation management are all involved elements [17]. As previously mentioned, the issue that still remains is to assign crashes records from mountainous highways to
the geometric conditions, though both approaches
have worked well for investigation purposes. There
is no uniformity in the characteristics of crashes in
China. For example, in Gansu, Heilongjiang, and
Guangdong, all crash observations are contributed
to different causes and thus, they have occurred
different days under environmental and pavement
conditions. It is, therefore, important to understand
the association between geometric factors and crash
data so that effective policies could be implemented to control the safety on mountainous highway.
There are few studies in this area and the studies
which exist tend to use a regression approach and a
limited data series for crash analysis. As such, more
robust empirical evidences, and precise improvement measures, are required.
The focus in this study is to explore the effects
of various geometrics on crashes using a statistical
analysis approach. Typical mountainous highways
are used as a case study and disaggregated into 3
full length cases: Chengyu Freeway (338km), Jingzhu Freeway (109.175km), and Shenda Freeway
(50km). Crash data and geometry are extracted
from the Traffic Accidents Analysis and Reporting (TAAR) database, and appropriate method was
developed to assign 5426 crashes to geometric locations with respect to 3 highways. For a precise
measurement, the count of the number of crashes is
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viewed as a function of various geometric contributing factors (e.g. radius of curvature and gradient).
Several statistical models such as a linear-regression or Poisson-lognormal model are proposed.
The rest of the paper is structured as follows:
ﬁrst, a summary of current literature on the effect
of geometry of mountainous highway on crashes
and statistical models are presented. This is followed by a description of the data used in this
study including the crash rate comparison between 3 typical cases. The analysis section primarily focuses on the signiﬁcant geometry variables
and their relationships with crashes followed by a
presentation and discussion of the results. Finally,
conclusions and recommendations for further research are discussed.
2 Data Description
In this study, the Chengyu Freeway (K0~K338)
in Chongqing, Jingzhu Freeway (K0~K109+175)
in Guangdong and Shenda Freeway (K191~K241)
are chosen to conduct this research, the former two
representing the mountainous samples and the left
for hilly one, respectively. The crash data available
are from the Traffic Accidents Analysis and Reporting (TAAR) system, developed by the Ministry of
Public Security (MPS) and currently used in these
three provinces. These are officially reported traffic accident data that have been recorded in the National Traffic Accident Data System (NTRADS).
Analysis data are obtained from the accident, casualty and causes of the NTRADS and segment
infrastructure messages (e.g., number of lanes, segment length, radius of curvature and gradient) are
extracted also obtained from the same source.
Multiple-type crashes (fatal, serious or slight),
are considered in this study and 5,426 observations are extracted from the NTRADS database,
Table 1. Crash data of three typical highway
Highway

Section

Chengyu
Jingzhu
Shenda

K0~K338
K0~K109+175
K191~K241

2005
594
745
130

which present all officially crash records occurring
on these three mountainous highway during 20052008. Table 1 summarizes the crash distribution
during each year. Obviously, Jingzhu Freeway has
witnessed a significant higher crash rate, because
this freeway links the developed Pearl River Delta
(Hongkang, Marco, Guangzhou, Shenzhen) to
China mainland and loads a very large AADT than
other two freeways.
In this study, average crash rate (CR) of segment i can be then considered as the average
count of crashes (ACC) per 100 million entering
vehicles (100MEV), obtained as:
CR i =

ACC i
´ 108 .................. (1)
365 AADT i ⋅ Li

where
ACCi = crash count of segment i, ACC;
AADTi = average daily volume of segment i,
pcu/day.
Li = length of segment i, km.
Geometric factors, also known as predictor
variables in this study, examined in this study include horizontal alignment (curve radius, angle
of deflection), vertical alignment (grade, vertical
curve), and cross section (number of lanes, type of
cross sections, height and gradient of subgrade).
Some factors are neglected, due to the error in
both worthless and incomplete crash message.
Otherwise, the modeling results would be misleading. An appropriate method is brieﬂy needed
for assigning crash data to the correct variables.
Here, stepwise logistic regression is used to model
the relation between them and identify signiﬁcant
factors determining crash count, frequency, and
injury severity and take into account of the magnitude of adjusted odds ratios for each variable
while controlling for other potential confounding
geometrics.

Crash1
2006
2007
631
616
862
487
110
102

2008
460
584
105

Total

Aver_Leng2

2301
2678
447

1.514
6.132
2.235

1. According toNTRADS, crashes are categorized by severity into 5 levels: fatal injury (type k), incapacitating – injury (type A),
non-incapacitating injury (type B), and possible injury (type C), and no injury (type O).
2. Aver_Leng = Average number of crashes per length per year in cra/(km·year)
2010
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3 Crash Features Detection and Comments
The contributory factors are categorized into
three components consisting of: horizontal alignment includes (1) maximum curvature; (2) angle
of deflection; vertical alignment includes (3)
grade; (4) radius of curve; and cross sections, and
presents some corresponding countermeasures.
3.1 Horizontal Alignment
3.1.1 Radius of horizontal curve
Safety performance of mountainous highway
has a close relation with the maximum value of
horizontal curvature, for more crashes have occurred at curves, especially steep ones. Figure 1
shows the crash rate distribution with the relation
of radius length of curves and Table 2 gives 8 cases with respect to Technical Standard of Highway
Engineering.

tical result, 76.84% crashes occurred at curvature locations and these with less value of radius witnessed
more crashes, as shown in Figure 1.
When the radius exceeds 1500m, AR increases
with decreasing radius, and at 3000m radius, AR
reaches 71.13A/HMV, the average level of whole
Jingzhu Freeway. More importantly, when the radius decreases to about 1200m, the minimum value in
hilly areas, AR is about 5 times of the average value
and 1200m is its point of inflexion. Therefore, minor
radius should be avoided in mountainous highways.
It should also be pointed out that traveling on
curves with same or similar radius behaves safer
than that with different radius. Especially, it is
much more dangerous when a small radius curve
is inserted into long and straight line. For example,
as shown in Figure 2, location A (a curvature of
1240m) has witnessed 10 crashes over the time
of 2005~200. Location B is a typical black spot
compositing of two 1000m radius curves and 18
crashes have occurred there overt he same time.
1). Location A at K62+500
2). Location B at K37+250

Figure 1. Number of crashes with respect to radius of curvature
Obviously, AR values declines with the increase of curvature. For example, we collect 84
segments with curves in Jingzhu Freeway totally,
among which 85.71 percent of curves ranges over
700~4000m and the maximum and minimum are
500m and 8000m, respectively. According to statisTable 2. Crash rate with distribution of radius of curves
Length of radius [m]

500

Chengyu

-

Jingzhu
Shenda
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1500

2000

3000

4000

5000

CR equals to

R2

99.76

103.53

57.22

46.25

243.56

145027R-0.9491

0.833

393.68 315.37 207.11 142.06 106.94

76.27

55.71

46.21

143746R-0.9473

0.826

60.23

44.05

36.08

189087R-1.0152

0.917

-

650

1000

243.56 193.61

256.38 168.36 112.09

84.17
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Figure 2. Two typical black spots in Jingzhu
Freeway
Therefore, it is an effective way to improve
the minor radius of curve for better safety performance: a. specific traffic safety improvement project is strongly suggested (e.g., total eradication of
minor radius of curve, setting of safety facilities),
and its effectiveness has been proved by previous
researches [18, 19]; b. traffic signs have to be set,
on the condition that it has not been undertaken
location improvement for geographical or funding limitation, and sight guide signs, speed limit
signs, pavement markings, deceleration zone,
etc, all help decrease the occurrence likelihood of
crashes; c. it is also helpful to develop the cheaply
emergency lane beyond the curve.
3.1.2 Angle of deflection
Angle of deflection has direct influence on the
driving safety. In the geometric database of Jingzhu Freeway, the maximum and minimum angles
of deflection are 8°02′59″and 100°41′09″, respectively, nearly equal to those of Chengyu Freeway.
For Shenda Freeway, the minimum angle of deflection is only 4°08′, less than the required 7°
and the maximum is 45°. Crash rates vary with
the radius of curve, as shown in Figure 3. For a
certain radius from an overall viewpoint, Figure
4 presents the angle of deflection affects the CR
in a different mode for the Southern and Northern
highways in China.

2010

Figure 3 Crash rate with radiuses of curve

Figure 4 Crash rates comparison of Jingzhu and
Shenda Freeways at angles of deflection
Let’s make a deep insight into these two figures, we could reach:
a. The relation between CR and angle of
deflection could be measured by cubic
functions.
b. The average angles of Jingzhu and Chengyu
are 36.7° and 32.3°, larger than the average
20.9° of Shenda Freeway, for the later
lies in hilly regions with relative simple
geographical environment.
c. If angle of deflection is less than 26°, CRshenda
< CRJingzhu or CRChengyu, and we reach the quite
opposite results, when angle of deflection >
26°. This is due, in the small angle of case,
more crashes occur susceptible to poor sight
distance or the influence of longitudinal.
d. We see the lowest CR values, when the angle
of deflection varies over 25-40° and 15-25°,
for Jingzhu Freeway and Shenda Freeway,
respectively. This is because drivers could
have a sound view sight, when the angle of
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deflection remains within this scope and to
some extent, the driving fatigue and tension
are relieved. Otherwise, part of curve are
beyond driver’s sight and discontinuous
pavement view is more prone to crashes, as
shown in Figure 5.

running field of vision best, b. Angle of deflection
should be less than 30°, and c. Angle of deflection
should be no less than 7°.
3.2 Vertical Alignment
3.2.1 Grade
During recent years, more accidents, especially
trucks involved cases, have occurred at locations
with bigger grades. In emergency brake, driving
vehicles at down grade always need longer time to
stop through longer brake distance than that of up
grade. From Figure 4, it also tells us that locations
at down grade witnesses more crash occurrence.
Table 6 presents a comparison of CR values at locations of down and up grades.

a. Design of major angle of deflection

Figure 6. Comparison of crash rates at locations
of down and up grades

b. Design of minor angle of deflection
Figure 5. Schematic design of angle of deflection
for roadway safety
In selection and design of alignment, something
should be considered in order to ensure highway
traffic safety: a. Safe value of angle of deflection
ranges from 15° to 25°, of which 20° can meet
the request of visual characteristic of driver and
536

Reconsidering the above listed Figure 6, it is
clear that both types of CR values come to a great
increase with a crease grade, when grade > 4%
and CRdown is about 1.5~1.8 times of CRup. This
is partially due to less effective brake system performance and unconsciousness of over-speeding,
while traveling at down grade.
Table 3 presents the statistical crash rates at
grades, according to crash records of type K and
type A of Chengyu Freeway. Obviously, segments
grading -4~-3 and 4~5 have big crash rates than
the average level 10.225 ACC/(MEV·KM)-1.
More seriously, the total 5.992km segments with
3~4 grade even confront the hideous more than
four times rate of crashes in 54.756, prone to be
involved in crashes.
Therefore, for mountainous highway, a. grade
should be limited within 1.5~2.5% and maximum
should not exceed 3% at hilly regions; b. if traf2010
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Table 3. Crash rate at down and up grade of Chengyu Freeway
Grade /% Crashes in 2007 Crashes in 2008 Sum of crashes Length /m AADT /pcu Value of crash rate

(-5, -4)
(-4, -3)
(-3, -2)
(-2, -1)
(-1, 0)
(0, 1)
(1, 2)
(2, 3)
(3, 4)
(4, 5)
Sum

5
12
7
14
32
14
5
6
10
6
111

6
8
5
6
21
11
9
3
4
2
75

186

11
20
12
20
53
25
14
9
14
8

Crashes here include only those of type K and type A;
Crash rate is measured in ACC per 100MEV per kilometer;
AADT = the average estimation of segment’s AADT records;
*4787 = the average AADT along the whole length of Chengyu Freeway.

27914
20504
23277
66747
103405
58490
30764
33244
5992
9662
380000

5419
4267
4267
5403
4675
4675
5419
5206
4267
4267
4787*

19.92
62.63
33.10
15.19
30.04
25.05
23.01
14.25
150.02
53.16
28.01

fic volume is heavy and AR is high, installation
of speed-limit signs, emergency lane or auto-radar
control equipment helps reduce the occurrence
of downgrade crashes, especially on the side of
downgrade [16, 20, 21], as shown in Figure 7.

c) pavement marker
Figure 7. Proposed safety measures for locations
prone to crashes
a) reminding sign

b) speed reduction zone
2010

It should be pointed out that long steep downgrade has always been considered as traffic black
location, for example, Badaling Freeway (61.9km)
is famous for its high rate of crashes and since November, 1998 to May, 2005, 458 crashes have occurred with 236 injuries and 94 deaths and particularly, the segment K51~K56 is called the ‘death
road’ with 170 crashes, 111 injuries and 43 deaths
over the same period. It is reported that this location is a 1600m long steep downgrade (more than
4%) with about 40 percentages of heavy trucks in
traffic volume, and Brake fail is the main cause
of crashes1. In this study of Jingzhu Freeway
1

http://zhidao.baidu.com/question/38984781.html
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(K25~K52), with an average grade is -2.97%, 366
crashes involving 72 injuries and 29 deaths have
observed from April, 2003 to August, 2005 and
thus, this location is also anther ‘death road’ [22].
Two typical locations (C and D) prone to crashes
in this highway are shown in Figure 8.

minimum may increase the sight distance over the
crest. The minimum length of sag curves is generally determined by considerations for motorist
comfort or discomfort due to vertical acceleration,
or by appearance2.
Therefore, crest curve generally sees bigger CR
values than that of sag curve, as can be seen from
Figure 9. Small curve sometimes brings limited
sight distance, particularly over crest and it is also
easy to cause sight error in estimating the slope.
All these of course induce higher risk of being involved in crashes.

1. Location C at 27+200
Figure 9. Crash rates related to radius of vertical curve

2. Location D at K38+000
Figure 8. Two typical segments of long steep
downgrade in Jingzhu Freeway

As we all know, “Highway Engineering Technical Standard” prescribes minimum curve radius
for all classification highway (see Table 4), and
from the viewpoint of traveling safety, curve generally has three critical values: 200m, 400m and
2000m. However, most of minimum radiuses proposed in this national technical standard are not
suitable for the mountainous highways, which
are prone to cause crash injuries and deaths [20,
23]. Therefore, such series of proposed minimum
radiuses should be improved in this research, as
shown in Table 4.

3.2.2 Radius of vertical curve
The longitudinal profile consists of straight
grades joined by vertical curves. In addition to
smoothing the vehicle from one grade to another, the vertical curve increases the sight distance,
particularly over crests. The other type is concave
vertical curve, also known as sag curves. At crest
curves, it should provide enough stopping sight
distance or appearance and thus, lengths above the
538

3.2.3 Combined geometric factors
Each crash is caused by various factors and
Table 5 shows the CRs in ACC per 100MEV per
kilometer related to geometric radius of curve and
grade of Jingzhu, Chengyu and Shenda Freeways.
G015 is a mountainous first class highway in
Heilongjiang and the segment of K122~K127
2

http://www.usq.edu.au/users/ayers/tengmod03.htm
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Table 4. Minimum radius suggestion
Type of highway

Guodao2

Design speed (km/h)
Used
Minimum /m
Suggested
Used
Minimum without
superelevation /m
Suggested
Used
Limited1 /m
Suggested

Shengdao3

Xiandao4

120 100
80
60
100
60
80
1000 700 400 200 700 200 400
1000 800 600 400 800 400 600
5500 4000 2500 1500 4000 1500 2500
5500 4000 2500 1500 4000 1500 2500
650 400 250 125 400 125 250
800 600 400 200 600 200 400

40
100
200
600
800
60
100

Xiangdao4
60
200
400
1500
1500
125
200

30
65
100
350
400
30
60

1. Limited factors includes topography, geology, and environmental conditions, etc.
2. Guodao, namely interstate freeway, is a limited access divided highway with grade separated junctions and without traffic
lights or stop signs.
3. Shengdao is generally first class highway, linking the cities in a province, for example S305 (Rongxian – Fushun) in Sichuan.
4. Xiandao and Xiangdao mainly refer to two or four lane roads and the latter is low volume road.

Table 5. Crash rate distribution related to grades and radiuses of curve
Radius of curve /m
4000 or more
3000~3999
2000~2999
1000~1999
500~999
Mean

Grade / %
0~0.99

1~1.99

2~2.99

3~3.99

4~5

26.4
39.7
45.7
53.9
90.3
51.2

19.6
35.2
49.5
69.5
88.5
52.4

46.8
60.2
73.4
96.2
114.2
78.2

103.4
129.6
156.8
177.2
182.0
149.8

143.7
159.3
176.8
201.9
274.5
191.2

(200m height difference), section of Paodaogou,
has 7 points of grade change and the maximum is
5.8% among the average 4.2%. It also has 4 angles
if reflection and corresponding radiuses of curves
are 600m, 300, 300m and 200m. Thus, such complex environment induces more crashes. From
October, 1995 to September, 2008, 112 crashes
have observed on this ‘death road’ and caused 126
injuries and 63 deaths. In June, 2006, an emergency lane was installed at K125+300m and more
signs were equipped together (see Figure 10).
Fortunately, safety level has been improved significantly with no deaths and serious injuries and
the medium and minor crashes have been reduced
more than 70% 3.

3 This example is cited from: Dai T.Y. Research on the
technology of safety guarantee for high grade highway.
Post-doctoral research report of Harbin Institute of
Technology, 2008
2010

Mean
68.0
84.8
100.4
119.7
150.0

a) Emergency Lane I

b) Emergency Lane II
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c) Location claim sign

d) W-beam Guardrail
Figure 10. Safety improvement measures of Paodaogou Section in G015

to use high subgrade and otherwise, enough traffic
claim signs and other kind of safety facilities must
be equipped together. Steep gradient of subgrade
is also prone to cause crashes. If the gradient is
properly made (decreasing gently), the solution
here will look perfect and comfortable. Suppose
the decrease of gradient is significant or sudden, or
both, most drivers become extremely nervous and
may cause crashes. Suggestions here merely lie
in: the height of subgrade should be a little higher
on both edge, and the effect of groundwater, rainfall, snowfall, frost, frozen soil, and instability of
slope, etc., should be considered ahead with the
least destructive effect on the intensity and stability of subgrade.
Another factor that is worth investigating is
the roadway number of lanes. Figure 11 shows
the percentage frequency distributions of vehicles
involved in fatal crashes by roadway number of
lanes. Four categories of roadways are considered
with reference to the number of lanes: two lanes
(divided or undivided) and three or more lanes (divided or undivided), which is determined whether
the cross-section is continuous. For example, to a
local highway with two lanes going east and two
going west, the number of lanes is coded as two,
if two directions are separated by a median in the
middle (a divided cross section). Otherwise, the
number of lanes is coded as four.

3.3 Cross Section
Runoff crashes on mountainous highways are
a safety issue for China. In Shenda Freeway for
example, runoff crashes comprise a forth of all
observations (108 of a total 447). Moreover, rear
end crashes were the second most common type of
crash. For low class rural highways in mountainous regions, a typical cross section is 8.5m, with
3.25m travel lanes and 0.5m shoulders (i.e., 6.5m
carriageway plus 2 × 1.0m hardstrips). To address
capacity issues, however, the minimum width of
cross section is limited in 3.75m travel line, 3.75m
hardstrips on each side and 0.75m grass verges on
each side for freeway.
Additionally, turnover is another common type
of crashes with a higher crash rate, which is mainly caused by high subgrade design of roadway, especially for the freeways. Therefore, it is better not
540

Figure 11. Percentage frequency distribution of
fatal runoff, turnover and rear-end crashes by
roadway number of lanes

Here, 1. two lanes: divided; 2. two lanes: undivided;
3. three or more lanes: divided; 4. three or more lanes:
undivided.
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Re-considering the fatal crashes (type K and
type A) that has occurred on Jingzhu, Chengyu
and Shenda Freeways, the data mining results in
Figure 5 show that among the fatal crashes that occurred on roadways with fewer lanes (two lanes),
33.9 percent (divided) and 43.4 percent (undivided) are runoff crashes, while among the crashes
that occurred on highways with three or more
lanes, 37.3 percent (divided) and 32.3 percent (undivided) are runoff crashes. In contrast, the occurrences of turnover crashes are more frequent on
roadways with three or more lanes as compared
to two lanes both in the case of divided and undivided cross sections. Figure 11 also tells us that
geometric design or rehabilitation strategy (e.g.,
building more lanes or divided cross section roadway) is likely to reduce rear-end crashes, which
may. However, undivided cross section may not
be the recommended preferred alternative for
safety consideration.
The major contributing factor to the high
number of runoff, turnover and rear end crashes
is high speeds, and environmental factors (e.g.,
rain, snow, fog, etc) influence the vehicle’s brake
performance as well as driver’s ability of driving. So those agencies are focusing on attempts
to limit the traveling speed, for example, mountainous highway has a speed limit of 100 km/h.
However, some experts have argued that the speed
limit should be reduced to no more than 80km/h
for highways with more bridges and tunnels in
Guizhou, Chongqing, and Fujian [10]. Of course,
approximate speed limits should be designated to
local segment, with respect to road geometry or
environment, and the length of this segment can
not be too short, for traveling speed consistent is
required. It should be noted, however, an unfortunate observation is the greater emphasis placed
on other enforcement means, such as roadway geometry or automatic cameras, rather than speed
enforcement by the police.

2010

4. Conclusion
Having the intention of identifying contributory roadway geometric factors, which contributes towards higher severe injuries and deaths, in
mountainous highway crashes, a series of statistics
investigation research has been performed. The
considered geometric aspects that affect or relate
to its operational quality and safety a highway include: roadway curvature (horizontal and vertical
alignment); cross sections (e.g., number of lanes
and lane width, presence of shoulders and curbs).
All these features are visible to the driver and affect driving performance. In this study, 5,426 crash
records over the time of 2005-2008are extracted
from three typical mountainous highways, namely
Jingzhu Freeway, Chengyu Freeway and Shenda
Freeway, which represents Southeast, Southwest
and Northeast regions of China.
By this research, it is clear that the results of this
research provide a discussion of causes of crashes
in mountainous regions and present some suggestions of design parameters of roadway, compared
with the current Technical Standard of Highway
Engineering. Safety design of alignment is 1000m
inflexion of curve radius and AR over curves of
less than 200m radius is twice at least as that of
more than 400m radius. The minimum point between AR and angle of deflection could be used
to determine the optimum angle of deflection exists and in this study, it is 20°, and the acceptable
scope ranges over 15~25°. Additionally, bigger
grade means more possibility of being involved
in crashes and long steep downgrade should
be avoided as much as possible, as can be seen
from the facts of Badaling Freeway and Jingzhu
Freeway. Therefore, it is strongly suggested that
such long steep downgrade has to be limited in
1.5~2.5% in grade, and the maximum should not
exceed 3%. Moreover, number of crashes involves
type of cross sections of roadway and subgrade is
more prone to cause high rate of crash occurrence.
The research presented in this paper assumes
that the overall safety performance can be quantified by sufficient crash observations. However,
the effects of human factors are not discussed,
because of data limitation. Actually, the application of human factors in highway design is essential. The driver’s performance of path choice and
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evaluation of immediate conditions and decisions
making relating to speed profiles, lane changes,
headways, overtaking, and speed change, are all
internal contributory factors to fatal crashes as
well as driver’s own features (e.g., age, sexy, experience of driving, state of marriage, etc.). The
authors believe that it will become an important
topic that has not ever been drawn intensive attention in past and further research will focus on
a system design of safety management and improvement for mountainous highway locations in
the overall areas of China.
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Geomechanical laboratory
conditions of rock fracture
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Abstract
The paper presents theoretical basis of the fracturing on aspect of geo-mechanic and laboratory
confirmed experiments by the complex state of
stress. Experiments were performed in the laboratory on samples of rock, with relations of h/d = 1,5
and diameter d=54[mm] in triaxial cell. The main
stress σ1 acts along the axis of the tested sample,
and the other two stresses are directed normal to
the axis of the cylinder. It is clear that the character of fracture is under heavy influence of lateral
pressure σ3. If σ3 is small, up to 20 [MPa] fractures are irregular. By σ3=20 to 30 [MPa], triaxial
tests confirm the fracture network at an angle of
approximately 60 degrees. By σ3 over 30 [MPa] in
gray sandstone comes to the appearance of fractures. Fracture of the material performed by the
process of sliding along tangential stress planes
without cracking.
Key words: fracture, main maximal stress,
main minimal stress, shearing stress, normal stress
Introduction
Geo-mechanical studying of fracturing conditions requires knowledge of the relationship between fracturing process and consequences that
arise in rock massif. This includes determining the
correct theory of the fracturing process and accurate diagnosis of fracture properties in fractured
rock. Depending on the starting point, it can be
given different definitions, but viewed only geomechanically, the fracture is surface at which was
loss of cohesion of date rocks. In general, fractures
in which appear relatively scrolls can be defined
as faults, while the fractures in which there are no
noticeable scrolls are defined as cracks, figure 1.
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Fault

Cracks
Figure 1. Schematic diagram of faults and cracks
1. Geological conditions of fracturing
Based on the research of various cases of rocks
fracturing, they are usually expected to brittle collector rocks with small porosity, where is developed the tectonic activity. In this case the fractures
are large and very widespread and are called macro
fractures. Less brittle rocks with a large integrated
porosity have limited and very small fractures area
and relatively small openness and they are called
micro fractures or cracks. Fractures that occur as
a result of stress increase, due to the debilitation
that comes in certain areas, may belong to different geological occurrences:
2010
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–– disorders in cases of up thrust and fault
–– deep erosion covered rocks, which causes
the concentration of the secondary stress in
a weakened condition of the surface
–– changes in rock volume due to decreases of
the groundwater level
–– temperature changes in the igneous rocks
2. Geomechanics conditions of fracturing

Figure 3. Normal and shearing stress in the angle
plane ψ by King Hubert
The balance of the stresses in the plane t - n is:

∑ Fi ,n

= 0; Fi,t = 0

For direction n:
s=

s1 + s 3
2

+

s1 − s 3
2

⋅ cos 2ψ + t 3,1 sin 2ψ

. ......... (1)

For direction n:
t=

Figure 2. Stress disposition and expected fracturing plane
In the rock massif, the elementary volume of
rock is in the geostatic stress condition. Adopting
common presentation of the main stresses over
three normal directions and determining the three
normal vectors as the main stresses, figure 2, from
the aspect of geomechanic, fracturing occurs when
the radial pressure stresses in element of the borehole increases so much that it becomes tightening
stress. The ratio between normal stress σ and shear
stress τ acting along the plane that is perpendicular
to the σ1 and σ3 expressed as a function angle ψ
between the largest and the main stress σ1 and the
plane AB, Figure 3 The balance of forces that acting on the triangular prism ABC is following:

s1 − s 3
2

⋅ sin 2ψ + t 3,1 cos 2ψ

.................. (2)

Using construction of Mohr circle, figure 4, on
the basis of changes in the angle ψ, equation (1)
and (2), it is possible to write in the function of the
main stresses s 1* and s 3* acting in the main directions of planes marked ψ = ψ1 and ψ = ψ2 = ψ1 +
90º. If the ψ1 and ψ2 are main directions of stress
and if the principal stresses s 1* and s 3* are known,
equation (1) and (2) shall have the following form:
s=

s 1* + s 3*
2

t=

+

s 1* − s 3*

s 1* − s 3*

2
ψ = ψ 1 +ψ '

2

⋅ cos 2ψ ' ................. (3)

⋅ sin 2ψ '

.......................... (4)

From numerous experimental laboratory researches it has learned that the τ shearing stress is
directly proportional to the normal stress

t
= t g ψ = t g (ψ 1 + 4 5 o ) ................. (5)
s
ψ, angle of internal material friction.
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Figure 4. Mohr’s stress circuit (normal and
shearing) in the plane ψ
Based on Mohr’s circle of stress, fractures will
ψ

occur in the plane which makes an angle 45 o + .
2
The formation of sand with internal friction
angle ψ = 30º, the fractures will be s 1 = s 3 in the
plane which makes an angle of 45 º with the direction of the smallest of the main stress, figure 5.

Figure 5. Connection between σ, τ and ψ for sand
in the plane of fracturing

Figure 6. Sample of examined rock in a complex
state of stress

Figure 7. Results of appear fractures at different
lateral pressures
4. Conclusion

3. Laboratory testing of rock material
Experiments were performed in the laboratory
on samples of rock, with relations of h = 1,5
d
and diameter d = 54 [m ] in triaxial cell. The main
stress σ1 acts along the axis of the tested sample,
and the other two stresses are directed normal to
the axis of the cylinder, figure 6.

546

From figure 7, it is clear that the character of
fracture is under heavy influence of lateral pressure σ3. If σ3 is small, up to 20 [MPa] fractures are
irregular. By σ3=20 to 30 [MPa], triaxial tests confirm the fracture network at an angle of approximately 60 degrees. By σ3 over 30 [MPa] in gray
sandstone comes to the appearance of fractures.
Fracture of the material performed by the process
of sliding along tangential stress planes without
cracking, figure 8.
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Abstract
This paper will show a new solution for monitoring changes of database elements. Since every
software is a dynamic system with constant changes and additions, it also applies to the database,
which is often the most important part of that system. In such an environment it is very important to
keep track of changes made by developers of information system, with the possibility of returning
to the previous version, if the need arises. As far as
business applications, there are several high quality solutions for versioning (tracking changes) of
program code. The situation is more complicated
when it comes to database elements.
This paper will first give the results of research
on what is the current situation regarding the database versioning. Will then be shown the logic of the
new software solution that aims to simplify, accelerate and provide better security in changing database.
In the end, through comparison with existing solutions, will be shown the benefits of the new system.
Key words: database, version control, programming, monitoring changes
Introduction
File versioning is a very important component for the teams involved in the development
and maintenance of software. When it comes to
tracking changes, most organizations had found
a suitable solution, but only when the application
source code is in question (using Visual Source
Safe, Tortoise SVN, etc.). Weak points are da548

tabase elements: tables, views, indexes, stored
procedures, user defined functions, triggers etc.
Some developer teams have designed an excellent
system for monitorng the changes of application
software (written in languages such as C # and
VB.NET), while there is no system for monitoring changes of database elements. The reason for
this situation lies in the following: monitoring the
application source code is easy because the source
code is stored in a file (and change of any file is
easy to track using one of the above mentioned
programs), while database elements are not in separate files but are integrated in the database itself.
There are organizations whose information processing systems largely rely on the various database
elements (stored procedures, user defined functions
and views). It is important to ensure proper system
to monitor and record the changes of the above elements, with the possibility of returning to a previous
version if the need arises. In addition to modification of existing elements, it is important to monitor
adding of new elements, such as new tables, new
functions, stored procedures and so on.
Special case is the modification of existing
tables with data. In this case, particular attention
should be paid to avoid data loss (exporting data
to another table or file before changes are made).
2. Current situation
This chapter will describe the current situation
when it comes to monitoring changes of the database. In order to aquire the informations, a research was conducted, consisting of two parts:
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1. Interview with field experts who work in
certain companies (database administrators
in the banks, software companies
employees);
2. Internet research.
The first part of the research consisted of interviews of IT professionals with responsibility of
developing and maintaining databases. Interview
consisted of the following questions (no previous
choice):
1. What database management system your
company uses?
2. Do you have any system for monitoring
changes of database elements?
3. If any, briefly describe it.
The survey was conducted over the sample of
twenty companies (banks, software companies,
and companies that deal with technical and communication activities).
In each of these companies one of the following situations was found:
1. There is no solution for monitoring changes
of the database elements (in some cases the
changes are made directly to the production
server without testing);
2. Changes are made to the test server and
programmer who made a change (adding
table, changing stored procedure, etc.) is
required to send an e-mail notification to
DB administrator specifing the elements
changed and requesting transfer of a new
version to a production server;
3. Monitoring changes is done by SQL
(Structured Query Language) scripts
versioning. Each element is scripted into
individual .sql file after which these files are
loaded into the repository.
Figure 1 shows the representation of each of
the three stated solutions.

Figure 1. Representation of existing solutions
As for the Internet research, there are also
found various versions of script versioning solution. These versions differ mainly only by the fact
which software is used for scripts versioning (Tortoise SVN, Visual Source Safe ...).
Each of the these three situations will be discussed in following. The paper will show advantages and disadvantages of each situations.
2.1. The lack of database monitoring solution
This situation is certainly the worst case, in
some cases it goes so far that there is no even a
test server, and all changes made directly to the
production server. Information system that has no
solution for monitoring changes of the database
elements is facing the following problems:
1. The absence of log file or a table where it
would be seen who, when and what changed;
2. It is not possible to restore a previous version
of the element if the need arises;
3. The possibility that several programmers are
working on a same element at the same time
which can lead to conflict and work loss;
4. Increased possibility of error if only one
person carried out changes without anyone
else having insight into what was done;
5. Reduced database security since every
programmer has the ability to make changes
on production database
To companies in which this situation was found
some of the following solutions were proposed.
2.2. Administrator notification by email
In some companies each progrmmer is obliged
to inform the database administrator by e-mail

2010

549

technics technologies education management

about changes made. The advantage of this solution
is that it does not require additional software but relies on a defined procedure that every programmer
must follow. The environment consists of:
1. one production server;
2. one or more test servers;
3. database administrator;
4. one or more database programmers.
Procedure is following:
1. Programmer makes changes to the test server
(changes stored procedure, user function, or
view, adds table, etc.);
2. After changes are made and tested, the
programmer informs database administrator
by e-mail that changes are completed
(informing him which elements were
changed and what exactly was done);
3. Administrator checks the changes and
transfers it to production server
Adventages of this solution:
1. No need to install additional software;
2. Database administrator has a list of changes
in e-mail history;
3. Increased database security since only
the administrator can change elements of
production database.
Disadventages of this solution:
1. There is still a possibility that several
programmers are changing the same
element at the same time, which can lead to
work loss;
2. It is not possible to restore a previous version
of the element if the need arises;
3. There is a possibility that initial version of
element on test server is not the same as in
production. Therefore, the programmer is
forced to manually transfer element from
production to test before changes are made
(which in turn can lead to loss of changes
other programmer has made);
4. It is possible that developer makes changes,
but forgets to writean e-mail to administrator
so that changes can not be transferred to
production.
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2.3. Script versioning
The third solution currently in use is script versioning. The environment is same as in previous
solution. In order to implement this solution it is
necessary to do the following:
1. All elements on a production server must
be exported to SQL scripts, creating one file
per each element;
2. Install file versioning software (Visual
Source Safe, Tortoise SVN itd);
3. Scripts are imported into file versioning
repository;
4. Each programmer must make a working
copy of a repository on his/her computer.
When changing the element it is necessary to
take the following steps:
1. Copy element’s script from a repository to a
local working copy;
2. Delete existing version of an element from
the test server and execute the script (so
that the initial version on the test server is
identical to the version on the production);
3. In some way (verbal, e-mail, company
intranet) let other programmers know that
element is being changed;
4. Once the developer has made and tested
changes he/she must make a script of a new
version of element;
5. That script must be placed in a working
copy and commited into repository;
6. Database programmer must inform
administrator about changes made;
7. DB administrator copies new version of
the script and excecutes it on a production
server.
Adventages of this solution:
1. Script versioning software is keeping history
of all changes made;
2. Increased database security since only
the administrator can change elements of
production database;
3. It is possible to restore a previous version
of the element if the need arises.
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Disadventages of this solution:
1. Procedure for changing an element is quiet
complicated (as can be seen from procedure
description stated above);
2. Problem of changing of the same element
simultaneously by several programmer is
still not fully resolved;
3. There is still a need for a programmer to
manually inform the administrator about the
changes made.
3. New software solution
Subject of this chapter is the logic of the new
software solution for monitoring changes of the
database elements.
3.1. Organizational structure and
responsibilities
Designed environment has the following elements:
1. Team of programmers who need to
make changes to elements of the database
(adding tables, adding and changing views,
procedures and user functions, etc.);
2. One production and one or more
test servers (test servers are used for
development and testing);
3. Database administrator (person responsible
for the functioning of a database).

1. Speed and ease of use;
2. Competitive work (avoiding problems that
may occur if more developers would tries to
change the same element);
3. Automatic notification of database
administrator.
As aforementioned, software enables programmers fast and easy usage, while database administrator monitors and controls all the changes
made. The software’s primary function is transfer
and synchronization between elements of the test
and production server while keeping history of all
changes made and allowing the restore of the previous version in case of an error.
3.3. Elements of a software system
Software system consists of the following elements:
1. Web service to synchronize versions of
elements and record changes;
2. User interface application.

3.2. Primary and secondary goal
The primary goal of this solution is to provide
all functionalities offered by solutions already
used, as follows:
1. Keeping history of all changes;
2. Ability to restore a previous version of the
element;
3. Database security by allowing only the
administrator to change elements of
production database.
Secondary goal is to remove some of the shortcomings of currently used solutions, primarily refering to:
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Figure 2. Software architecture and elements
Web service contains the business logic of the
application and is executed in the application server environment. Service accepts orders from the
developers and DB administrator and runs them
on database servers.
The user interface application is distributed to
all members of the development team and DB ad551
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ministrator. The specified interface should be intuitive and should enable users to quickly and easily
perform the desired operation.
3.4. System prerequisites
Before the system is put into use it is necessary
to fulfill the following requirements:
1. Database restore of test server in order to
ensure that the initial state of elements on the
test server is the same as on the production;
2. DB administrator should (through regulation
of access) prevent programmers to execute
ALTER, DROP and CREATE commands
on the production database;
3. DB administrators and developers should
be provided with user manual and the
procedure by which to work.
3.5. System operation
System operation will be shown on a concrete
example: DB developer needs to make changes on
the stored procedure. The assumption is that all
prerequisites are met and that the necessary software components are installed on the respective
computers. The steps are as follows:
1. Programmer logs into the apllication under
his/her username;
2. Programmer runs the application and
immediately gets a list of all stored
procedures on the production server;
3. With a single click programmer marks
an element he/she that wants to change.
At this point, a web service notes which
stored procedure programmer indicated
for amendment (information is stored to a
table on a production server). Web service
also automatically creates „DROP and
CREATE” script for this procedure and
executes it on test server thus ensuring that
the initial version of procedure is identical
to the one on a production server;
4. After the procedure is specified for
amendment programmer makes and tests
the necessary changes (all on test server).
DB administrator is able to see at any time
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that a procedure is indicated for amendment.
If some other developer tries to change the
specified procedure software will have the
above table to see that this element is already
selected for changing and another developer
will be shown the appropriate message;
5. When programmer makes and tests changes
new version of stored procedure must be
transfered to the production. Using software
programmer makes it clear that he/she
finished his part of the job stating what
amendment are made;
6. In the log table, stored procedure is marked
as „ready for production”, and in that
moment DB administrator recieves an
e-mail (administrator is able to see list of
all elements which are ready for production
database);
7. Administrator checks the changes made
and if everything is all right (by a single
click) transfers new version of a procedure
from test to production server. This is done
as follows:
- web service scripts the current version of
a stored procedure on a production server
and saves it to the file with appropriate
name;
- web service scripts new version of a
stored procedure on a test server
- new script is executed on a production
server;
- in the log table, stored procedure is
marked as „completed”.
Same way changes are made to existing elements, it is possible to add new elements, but in
this case steps 1, 2, 3, and 4 would not be performed.
3.6. Description of the implemented software
Web service contains the logic of the system.
The most important operations that service performs are:
1. automatic transfer of the latest versions of
elements from production to test server (this
operation is performed when the programmer
indicates an element for amendment);
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2. automatic transfer of the latest version from
test to production (this is done only by
database administrator when changes are
made and tested).
Element transfer from production to test server
is done the following way:
1. On a production server, program reads SQL
code (CREATE script) for a given element
and stores into a string variable (not into a
file);
2. Program deletes element from a test server,
if for some reason deletion is not possible
operation is aborted and programmer gets
an appropriate message;
3. String variable is passed to database
command and executed on a test server; this
way we get a version which is identical to
the one on production.
Pseudocode of this operation with additional
comments is given below.

The procedure of transferring element from
test server to production is similar except that the
current version on production server is not deleted
but saved in a file.
In addition to transfer, web service also performs following operations:
1. Inserting and updating records in the log
table;
2. SELECT commands are used to retrieve list
of elements (procedures, functions, views);
3. Every time element is marked for editing or
ready for production email is automatically
sent to database administrator;
4. Log review;
5. List of elements marked for editing or ready
for production.
All changeable values (connection strings,
email addresses, file system paths) are kept in configuration file so that it is possible to change them
without changing the source code.

Function transferToTest(String elemName)
*/passing name of the element being transferred
String prodCon = Settings.production */ con. string to connect to the production database
String testCon = Settings.test
*/ con. string to connect to the test database
String sqlCode = ‘’
*/variable which will contain the SQL code with CREATE command
Try
		
{
			

sqlCode = readElementCode(elemName, prodCon)

			

if deleteElement(elemName, testCon)

			

createElement(sqlCode, testCon)

			

else

			
MsgBox(„Element cannot be deleted because another programmer has already marked
it for editing.”)
			
Endif
		
}
		
		
Catch e as Exception
			
{
				
MsgBox(e.message)
				
Exit Function
}
End Function
2010
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Function transferToProduction(String elemName)
String prodCon = Settings.production */ con. string to connect to the production database
String testCon = Settings.test
*/ con. string to connect to the test database
String sqlCode = ‘’
*/variable which will contain the SQL code with CREATE command
String path = Settings.path
*/ file system path
Try
		
{
			

sqlCode = readElementCode(elemName, testCon)

			

if saveElement(elemName, prodCon, path)

			

createElement(sqlCode, prodCon)

			

else

			

MsgBox(„Element cannot be saved into TXT file!”)

			
		
}

Endif

		
Catch e as Exception
			
{
				
MsgBox(e.message)
				
Exit Function
}
End Function
4. Advantages of a given solution
The most important advantages of this new solution are:
1. Speed and ease of use;
2. Concurrent work support;
3. Inability to lose changes of database elements
and tracking who and when made changes.
4.1. Speed and ease of use
As we could see from the examples, users can
mark a preferred element for editing with a single
click and the latest version is transferred to the test
server. It is also enough to type in description of
changes made and click once to mark an element
as „ready for production”. Table 1 shows a comparison of additional operations when changing
stored procedure.
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4.2. Concurrent work
None of the current solution does not resolve
the problem that occurs when several programmers start to modify same element at the same
time. New software resolves this problem by
marking an element as „being edited” (information is stored in a log table). If another programmer tries to edit that element he/she will get an
appropriate message and request will be denied.
4.3. Emproved changes monitoring
In each of the current solutions (whether it
comes to communication by e-mail or SQL scripts
versioning) it is necessary for a programmer to inform the administrator about the changes made.
It is a weak point because programmer can easily
forgets about it. This problem is solved in the new
software in the following way:
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Table 1. Comparative review of amendment process
SQL script versioning

New software solution

1. Copy element’s script from a repository to a local working copy;
2. Delete existing version of an element from the test server and
execute the script (so that the initial version on the test server is
identical to the version on the production);
3. In some way (verbal, e-mail, company intranet) let other
programmers know that element is being changed;
4. Once the developer has made and tested changes he/she must make
a script of a new version of element;
5. That script must be placed in a working copy and commited into
repository;
6. Database programmer must inform administrator about changes
made;
7. DB administrator copies new version of the script and excecutes it
on a production server.

1. Select a stored procedure
we want to change a
transfer the latest version
to test server;
2. After changes are made
and tested, single click is
enough to mark procedure
as „ready for producion”;
3. Give a short description
of the changes made;
4. Administrator transfers
new version to production
(also with a single click).

1. Every time a programmer marks an element
as „being edited” database administrator
receives a notification email (which
programmer, which element, date and time
element was marked);
2. Administrator is able to see the list of
elements being edited;
3. Every time a programmer marks an
element as „ready for producion” database
administrator receives a notification email
(which programmer, which element, date
and time element was marked);
4. Administrator is able to see the list of
elements marked as „ready for producion”.
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5. Conclusion
This paper aimed to present a new software solution to a problem that is present in the database
implementation process. The greatest advantage
of this solution is ease of use (most of which benefit employees), without losing any functionality
that such system should provide. The ease of use
is implemented through automation and synchronization: operations that in the current solutions
require several manual actions are now performed
automatically and synchronously, which reduces
the possibility of human error. New solution provides another important advantage and that is
speed. Software testing and performance improving activities are currently underway.
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Media practice – influences
and compromises or
creative response to
auditorium requirements?
Mirjana Kovacevic, Branislav Egic
Audio Konstruktor doo, Serbia
Abstract
It may be said that the impact produced by media is omnipresent, created by interest economicpolitical groups as well as individuals, media owners and employees, with more or less success, but
with a single common goal – generating power that
subsequently becomes an object of their trade. The
aim of this research survey is to present the attitudes
of the media employees on this issue, highlight the
fact that impact over the editorial policy of any media organization is just directly opposite of socially
desirable practice and that efforts should be made
to alter such practice. The research we conducted,
the application of adequate mathematical–statistical methods as well as analysis of the contents and
practice, helped us recognize these claims and offer problem solutions best mirrored in advancing
communication of media organizations with auditorium, and raising awareness of both the general
population and media employees on the want of
media literacy, critical media observation and the
awareness that independent and objective media
and proper function of the public service are the basis for exercising citizen rights and freedoms.
Key words: media, media literacy, impact, editorial policy, social responsibility
Introduction
The influences exerted by groups or individuals over media industry is a constantly discussed
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but not publicly debated subject, and the evidence
corroborating such statements is rarely substantiated by extensive research that would entail all
stakeholders. Our point of interest was the position of the Public Service Manager on this issue,
taken into consideration that this institution was
set up by Vojvodina Assembly (which also selects
and appoints managing team and Program Board
of this organization), from the other side, this institution should be held accountable to the citizens
of Vojvodina. The results obtained in this organization were compared with results achieved by
research in Vojvodina commercial media, on the
same issue. Afterwards, we compared final indicators with views of the auditorium on media practice in general. Our objective was to underline the
significance of this problem and positions of managers of both the Public Service and commercial
media on this matter and to compare the unique
position of the sectors in which they are employed
in their media organizations.
The research sample comprised 206 respondents
from the Vojvodina Public Sector and 165 subjects
of the commercial media divided in seven subsamples, according to sectors where employed (managing team, marketing, journalism, production,
technical, finance and logistics departments). The
instrument we used in our research was questionnaire that covered several subjects, and this concrete question was presented in closed form with
5 modalities, out of which the respondents could
choose two. The scope of the research covers subject matter C1: assessment by the respondents on
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external influences over the editorial policy of their
media organization with modalities: editorial policy
of competitors, political impacts, the influence of
sponsors and advertising companies, the interests of
the auditorium, there are no significant impacts. Accordingly, operative task was set up in the research
to establish difference between enterprises and sectors regarding assessment by the respondents on
external impacts over the editorial policy. Taken
into consideration previous experience, the essence
of the problem, subject and scope of research, as
well as methodological approach in this work, it is
possible to set up basic hypotheses. Definition of
hypothesis for applied procedure was made in the
following way: The MANOVA procedure is used
for testing hypothesis H1 stating: There are no significant differences between some sub samples of
the Vojvodina Public Service and commercial media regarding observed subject matter A1- There are
significant differences among some subsamples of
the Vojvodina Public Service and commercial media regarding observed subject matter. Discriminative analysis procedure is applied for testing H2:
H- There is no clearly defined border between the
subsamples of Vojvodina Public Service and commercial media regarding observed subject matter.
A2 – There is a clearly defined border among some
sub samples of the Vojvodina Public Service and
commercial media regarding the observed subject
matter. MANOVA procedure or Roy’s test is used
for testing hypothesis H3: H3 – There is no significant difference among subsamples of the Vojvodina
Public Service and commercial media regarding individual characteristics; A3 – There is a significant
difference among some sub samples of the Vojvodina Public Service and commercial media regarding individual characteristics.
The results were processed by relevant mathematical–statistical procedure. The purpose of application of the mathematical–statistical analysis is to
determine characteristics of every sub sample and
homogeneity and distance among them in relation
to derived characteristics, in order to ensure reliable
and precise forecasting and prognosis. Care should
be taken to keep as many items of information gathered over the course of the research as possible. We
conducted analysis in three steps as follows: testing
hypothesis on similarities and differences, determination of the measure of difference with definition
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of characteristics and graphic outline. The characteristics of the subject matter C1, assessment by the
respondents on external influences over the editorial policy, have non-parametric features and are
therefore analyzed by non-parametric procedures
on the basis of modalities frequency. We used multivariate procedures of MANOVA and Discriminative analysis. In order to avoid loss of information, by identification of the best links and insights,
on non-parametric measures, sizes, the data were
scaled on contingency tables. In line with this procedure, on the basis of the frequency, every class is
marked with real number. The fact that it is possible
to apply procedures related to ratio scale indicate
that new knowledge is gained in this way in the research survey, which would not have been obtained
by implementation of procedures and methods related to non-parametric scales. Out of univariate
procedures, Roy’s test was applied, Pearson’s contingency coefficient, (c) and multiple correlation
coefficient (R). Calculation of discrimination coefficient results in characteristics that define specifics
of subsample and characteristics that should be excluded from further processing, in other words it results in reduction of the observed range. Moreover,
the outline of the homogeneity of subsamples, distance among them and Klaster analysis aim at the
best possible analysis of the observed phenomena.
The most important research results are graphically
presented.
The procedures proving similarities or differences among subsamples confirm the hypothesis
of similarity or refute it (confirming alternative hypothesis), or indicate the existence of differences.
Critical value p is used for testing the hypothesis,
which presents conclusion risk. If p > 0.100 there
is no reason to refute the initial hypothesis. Two
significance thresholds shall be used for refuting
the initial hypothesis. In case that 0.10 > p > 0.05,
alternative hypothesis is accepted with increased
conclusion risk, if p< 0.05 alternative hypothesis
is accepted stating that there are important (significant) differences.
Media and influences
Nowadays media are subjects of manipulation
in every sense: through contracts with sponsors
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and relation with advertising companies, investment into development of new technologies and
methods of communication, through public relations profession in every segment of economy and
society, covering and presenting state propaganda
that spreads propaganda as item of information,
etc. What is often perceived as credible piece of
news, more often than not is just an item of information deftly or shoddily served, by political note
or through propaganda. We live in the circumstances and time where the gap between what the
worlds is really like and the way powerful interests groups are trying to model it, is dramatically
growing wider. With some reservation we may
claim that everything that is matter of public debate is at the same time a matter of deception, since
the relevant piece of information has already undergone sassessment by some interest group prior
to its public presentation. The advantages put forward by digitalization, primarily manifested in the
possibility of montage of images and sound have
made manipulation and distribution easier than
ever. Photographs showing masses of people are
subsequently viewed with disbelief by the people
who actually attended the same event. Denials of
fake interviews and falsely addressed and signed
statements are published on the least read pages
of daily papers, scandals and sensational headlines
dominate cover pages, referring to allegations on
the ensuing pages. In the forthcoming years the
fraud and trickery in media shall become more
sophisticated, rendering discernment between
real and false information, less and less possible.
The lack of media literacy, obvious in our society,
which was once believed to be overcome with new
education reforms and computer technologies development, resulted in the fact that media are now
more trusted than direct participants of an event or
traditional authorities – family and school. Even
though it is considered that the triangle of the pedagogical impact on children and young people is
set up by the family, school and media in equal
proportion, we are concerned that these relations
shall soon be modified to the benefit of those who
are always available and continually at the same
place present for every problem they may have
– media. Already at the pre-school age the children realize that the company and entertainment
provided by the media can always be found at the
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same place, without moods shifting and pedagogical sanctions. The curriculum and syllabus of all
subjects of the primary school recommend the usage of media, as source for children to get insight
in their characteristics and possibilities. But, since
the control segment is the main shortcoming of
the educational process in our country and in the
neighboring countries, the autonomy in planning
and creation of the teaching is used according to
individual abilities and affinities of the teaching
staff. These reasons made us ponder about how
much we, as a society, are equipped for media
consummation and whether the people who create media messages (not just in media, but also in
the moment of development of an event covered
by media) are aware of these facts, have used the
situation as it is and started with exercising their
influences and how much they are exposed to various influences.
The results of the investigation by Media
Center and USA non-governmental organization
IREX from 2003, conducted among journalists
in Serbia, corroborate previous observations on
the existence of the pressures over the creators
of media programs. The researcher believe that
part of the problem stems from the facts that the
struggle for new values interfered with engaged
journalism, promotion based on political affiliations, paid agitation for political favourites, turning blind eye to ‘’ours’’, political propaganda,
pressures, blackmails…. The respondents further
believe that businessmen took the leading position
in jeopardizing the freedom of media; they also
highlight the massive subordination of journalists
and inferiority of the profession. Moreover, they
allege that owners of the media houses do as they
like, that they have the upper hand and exert their
influence over the editors. ’’ The basic impression
stemming from the entire poll is that politicians,
political parties, ministers and the people from the
political arena in charge with public relations, attempt, with more or less success, to take control
over the media, on everyday basis, most frequently resorting to inadmissible methods, ranging
from threats to bribing journalists. All interviewed
journalists said that they sustained pressures every day from politicians and that it happened to
their colleagues as well. The journalists accuse
politicians of the following misdeeds: spreading
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lies and deliberate distribution of misinformation;
manipulation of facts, concealment of facts, lack
of transparency in their work and closing their
doors to journalists who try to check the information, electioneering, even bribing journalists in
some editorial boards in order to distribute desirable information through them; blackmails; taking control over media; threats, disparagement
of journalists or incomprehension of their role in
society ’’.¹ IREX researches stress that journalists
did not detach themselves in any of their replies
or marked that the relevant attitude was observed
only in a small number of politicians, the general
impression is that the stated allegations are not at
the level of incident, but rather general style. Although the mentioned data date back from couple
of years ago, it appears that the situation regarding
this problem deteriorated, since the general media
image and offer is becoming worse and worse,
and the monotony dominating Serbian media is no
longer concerning but actually calls for engagement with serious strategy of the state. The existence of Republic Radio Diffusion Agency (RRA)
does not mean anything by itself, taken into consideration the fact that it was set up by politically
delegated subjects. Clearly defined regulations,
mechanisms and media legislation are the missing
elements. The compromises tailoring media discourse nowadays resulted in poor quality of programs (mainly reality show formats) that attract
the attention of the audience. It is often argued that
exactly this kind of program has the highest ratings, although the assessment by media regarding
media programs preferences is always made long
time before the onset of broadcasting of any program. Whether the media tailor preferences or just
respond to them is an issue that may be viewed as
a logical problem of truth, which also may be tackled also from the mathematical logic aspect. Thus
any argument proving, corroborating or justifying
this, may be viewed from some other standpoint
and completely differently described and depicted. What is in essence the criterion of ethics and
truth about rating or popularity of some programs:
the fact that is has been offered or the fact that it
has been watched? If we look upon the example of
the BBC public service, their practice of research
and monitoring of the needs of the audience, the
method of feedback of perfected information,
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both through media regulations and through direct
communication of BBC with audience (especially
since the establishment of internet), than we realize that the offer tailored by this media house is
conditioned upon different business principles and
rules of conducts of all participants in this process.
The public of the Great Britain is obligated to delegate its representatives into the council of citizens that gathers inputs from audience, while regulatory agencies monitor the work of both. Media
critics do not miss a single day to raise their voice
and appeal on citizens regarding various aspects
or relevance for the media programs and contents,
disregarding ownership structures and political affiliations of media organizations or their management teams. Financial statements are available at
BBC site throughout the year, and may be sent to
citizens at their request, since this public service
is paid by citizens themselves. The dissatisfaction
of the Serbian citizens regarding public service is
caused by the program policy and the method it
is tailored, the way funding raised from citizens
is used, the lack of communication with audience
and channels for its opening, human resources
policy and many other factors, which certainly
should be primarily publicly debated and subsequently subject to media legislation.
The European future of our country and the
countries in the vicinity calls for critical approach
of individuals regarding media programs, reduction of political and economic pressures over the
media creators, as well as raised awareness on
the importance of the media education, the lack
of which is basis of the problem discussed. The
awareness on the need and existence of the public
service must also be built since its existence is an
essence of the objective informing.
Social responsibility of media
No matter which specific problem is discussed
with regards to media, the question that pops up
is social responsibility of their work and engagement. If our exemplar is BBC as a house that gave
birth to the concept of public service and Great
Britain as a country with earliest media legal
framework, which subsequently grew into model
for the whole world, we notice that their relation
2010
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with audience through multi-channel communication, is actually basis of their socially responsible work and sustainable development, as well
as trust they enjoy from citizens. From the other
side, good insight into the preferences of the auditorium, again accomplished through excellent
communication, allowed them to exert influence
on social-political situation in their country and in
this way make changes desirable by citizens and
to develop awareness that civic initiative and socially responsible conduct of all, both individuals
and corporations, can produce great changes and
improve the quality of life. The highest expectations in the sense of socially responsible conduct
regarding media in any country are cherished in
relation to public service . Given the legal obligation of paying subscription fees, the citizen believe
that they should be consulted not only about the
contents and quality of the programs offered, but
also about their standard of living, the problems
they face, understanding of the new legal provisions and norms, etc... The citizens aspire to make
influence upon the legislative framework and regulations, to publicly voice their views, opinions
and constructive criticism regarding shortcomings
observed in practice or illegal actions they witnessed. The media are obliged to cover all these
phenomena exactly in the sense of the socially- responsible manner.
However, the trend noticeable in regards to socially responsible conduct of the domestic media
organizations is organization of various humanitarian actions, and not appealing, research or reaction
to occurrences and events. Our goal is to highlight
the fact that existence of pressures over the editorial
policy of any media organization is directly oppo-

site from the socially responsible behaviors and that
efforts should be made in order to change this practice. It is exactly this feature that should be stressed
in program contents as social responsibility – media
free from pressures of any kind are the basis for exercising civic rights and freedoms.
Empirical section
In public service, Radio Diffusion Institution
of Vojvodina, Vojvodina Radio –television as well
as in commercial media in Vojvodina in October
2009, we conducted research among managers at
all levels : from management team, through directors and heads of sectors, editors of series or programs, aiming at getting the best possible insight
into practice, possibilities and aspirations of the
managing staff in these institutions, the conditions
for their work, or socio-political circumstances
they are faced with and the way they respond to
hem, as well as their observance of the wishes
and standings of the auditorium. In this work we
shall deal with analysis of the reply to question:
Are there any external influences over the editorial
policy of your media organization?
The table (No.1) shows characteristics that
would be analyzed with range and frequency of
every class. Numerical values in the column below
code of characteristics refer to frequency of class.
Criteria characteristics - the type of the enterprise
(type of enterprise) is given in the first column,
while estimations on the existence of any external
pressure over the editorial policy of their media
organizations are given in the next columns.

Table 1. An outline of the assessment by the respondents on the question of external pressures over the
editorial policy of their media organization, with range and classification
type of
enterprise
0
1
2
2010

Ukupno 0
commercial
media 165
public
service 206

editorial
policy of
competitors

political
impacts

the influence of sponsor
and advertising
companies

the interests
of the
auditorium

there are no
significant
impacts

319

237

296

204

297

52

134

75

167

74

0

0

0

0

0
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Analysis of the assessment by the
respondents on the existence of any external
pressure over the editorial policy of their
media organization per types of enterprises
In accordance with previously set draft research,
the subject matter: assessment of the respondents
on external pressures over the editorial policy per
types of enterprises shall be analyzed. Numerical
and percentage representation shall be outlined in
the first section. The second part shall present analysis of differences between the subjects from public
service and commercial media, i.e. the hypotheses
shall be proved or refuted, in order to estimate the
results obtained and appropriateness of further consideration, set directions and methodological priorities of their processing. Afterwards, conditional
to existence of proper conditions, characteristics of
every type of enterprise shall be defined as well as
distance and homogeneity among them. Finally, the
obtained results shall be graphically presented. The
analysis shall cover 5 assessments on possible external pressures over the editorial policy: editorial
concepts of the competition, political pressures, impacts by sponsors, interests of the auditorium, there
are no significant influences. Every assessment has
2 modalities: reply NO, reply YES.
The tables show numerical (n) and percentage (%) representation of the assessment by the
respondents on external pressures over the editorial policy for 2 types of enterprises with 5 assessments. The important differences among them and
inside the level shall be indicated. Descriptive procedure can only hint some characteristics of the

certain levels of assessments on external pressures
over the editorial policy, while the importance of
the difference between types of enterprises shall
be additionally analyzed.
It may be noted (table 2) that for commercial
media (commercial) the most frequent assessment is the reply NO (reply NO) given by 137
respondents (83.0%) out of total 165, which is significantly higher that the frequency of assessment
reply YES (reply YES) (28 respondents 17.0%
p=.000). As for public service (public) frequency
of the assessment reply NO (reply NO) (182 respondents 88.3%), is significantly higher than frequency of the assessment reply YES (reply YES)
(24 respondents 11.7% p=.000).
The difference between the respondents from
the public service and commercial media : for assessment reply NO - the highest representation is
found in the public sector (88.35%); for assessment
reply YES , the highest representation is found in
commercial media (16.97%). On the basis of the results obtained it is possible to distinguish characteristics of any type of enterprise in relation to editorial
policy of the competition - commercial media have
poorly expressed assessment reply YES, reply NO,
reply NO, the public service has poorly expressed
assessment reply NO, reply YES, reply NO. Since
p = .142 it can be said by method c2 – test, no correlation has been found between respondents of these
2 types of enterprises and modality editorial policy
of the competition.
It can be said (table 3) that for commercial media (commercial) the most frequently found assessment is reply NO (reply NO) given by 140 re-

Table 2 – Numerical (n) and percentage (%) representation of the assessment of the editorial policy of
the competition, per types of enterprises
Replay NO
Commercial media
Public service

n
137.
182.

Replay YES
%
83.0
88.3

n
28.
24.

%
17.0
11.7

Table 3 – Numerical (n) and percentage (%) representation of the assessment of political pressures,
per types of enterprises
Replay NO
Commercial media
Public service
562

n
140.
97.

ReplayYES
%
84.8*
47.1

n
25.
109.

%
15.2
52.9*
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spondents (84.8%) out of total 165, which is markedly higher than frequency of the assessment reply
YES (reply YES) (25 respondents 15.2% p=.000).
As for the public service (public) the frequency
of the assessment reply YES is (reply YES) (109
respondents 52.9%). The difference between the
respondents from the public service and commercial media: for assessment reply NO the most
represented is commercial sector (84.85%);, much
higher than public (47.09% p=.000). As for assessment reply YES, the most represented is public sector (52.91%);, and it is significantly higher
than commercial sector (15.15% p=.000). On the
basis of the results obtained it is possible to single
out characteristics of every type of enterprise in
relation to modality political influences – it follows – commercial sector has poorly expressed
characteristics reply NO, reply YES, reply YES,
public service has poorly expressed characteristics
reply YES, reply NO, reply YES. Since p = .000
c2 - test, a c= .364 with interval of trust (.293;
.435) which does not contain zero, it can be said
that there is low correlation between the respondents of the public service and commercial media
regarding modality political influences.
It can be said (table 4) that for commercial sector (commercial ) the most frequent is assessment
reply NO (reply NO) made by 113 respondents
(68.5%) out of total 165, which is significantly
higher than frequency of the assessment reply
YES (reply YES) (52 respondents 31.5% p=.000).
As for public sector (public) the frequency of the
assessment reply NO (reply NO) (183 respondents
88.8%), is significantly higher than frequency of

the assessment reply YES (reply YES) (23 respondents 11.2% p=.000).
The difference between respondents regarding
assessment reply NO: the most represented is public sector (88.83%);, much higher than commercial (68.48% p=.000). Regarding assessment reply
YES the most represented is commercial (31.52%);
much higher than public (11.17% p=.000).
On the basis of the results obtained it is possible to discern the characteristics of every type
of enterprise in relation to impacts by sponsors, it
follows, commercial sector has poorly expressed
characteristics reply YES, reply NO, reply NO,
public sector has poorly expressed characteristics
reply NO, reply YES, reply NO.
Since p = .000 c2 - test, and c= .244 with trust
interval (.155; .333) which does not contain zero ,
it can be said that there is low correlation between
the respondents regarding modality the impact by
sponsors.
It can be said (table 5) that for commercial
sector (commercial) the most represented is assessment reply YES (reply YES) made by 119
respondents (72.1%) out of total 165, which is
significantly higher than frequency of the assessment reply NO (reply NO) (46 respondents 27.9%
p=.000). Regarding public sector (public) the representation of the assessment reply NO (reply NO)
(158 respondents 76.7%), is significantly higher
than frequency of the assessment reply YES (reply
YES) (48 respondents 23.3% p=.000).
The difference between the respondents: for assessment of the reply NO the most represented is
public sector (76.70%);, much higher than com-

Table 4. Numerical (n) and percentage (%) representation of the assessment impacts by sponsors, per
types of enterprises
Replay NO
Commercial media
Public service

n
113.
183.

Replay YES
%
68.5
88.8*

n
52.
23.

%
31.5*
11.2

Table 5. Numerical (n) and percentage (%) representation of the assessment: interest of the auditorium, per type of the enterprise
Replay NO
Commercial media
Public service
2010

n
46.
158.

Replay YES
%
27.9
76.7*

n
119.
48.

%
72.1*
23.3
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Table 6. Numerical (n) and percentage (%) representation of the assessment there are no significant
influences, per types of enterprises
Replay NO
Commercial media
Public service

n
146.
151.

Replay YES
%
88.5*
73.3

n
19.
55.

%
11.5
26.7*

Table 7. Significance of the difference between the respondents in relation to assessment on external
influences over the editorial policy
MANOVA

n
5

F
36.480

p
.000

Table 8. Significance of the difference between respondents in relation to assessment of external impacts over the editorial policy
editorial policy of competitors
political impacts
the influence of sponsors
the interests of the auditorium
there are no significant impacts

mercial (27.88% p=.000). For assessment reply
YES, the most represented is commercial sector (72.12%);, much higher than public (23.30%
p=.000).
On the basis of the results obtained it is possible to distinguish characteristics of every type
of enterprise in relation to interests of the auditorium , it follows, commercial sector has poorly expressed characteristics reply YES, reply NO, reply
NO, the public sector has poorly expressed characteristics reply NO, reply YES, reply NO.
Since p = .000 c2 - test, and c= .438 with trust
interval (.373; .503) which does not contain zero
, it can be said that there is a moderate correlation
between the respondents from the public service
and commercial media, regarding modality interests of the auditorium .
It can be said (table 6) that for commercial sector (commercial) the most represented assessment
is reply NO (reply NO) made by 146 respondents
(88.5%) out of total 165, which is significantly
higher than frequency of the assessment reply
YES (reply YES) (19 respondents 11.5% p=.000).
Regarding public sector (public) the representation of the assessment reply NO (reply NO) (151
respondents a 73.3%), is significantly higher than
564

c
.076
.364
.244
.438
.186

R
.076
.391
.252
.488
.189

F
2.158
66.636
25.049
115.434
13.680

p
.138
.000
.000
.000
.000

frequency of the reply YES (reply YES) (55 respondents 26.7% p=.000).
The difference between the respondents: for
assessment reply NO, the most represented is
commercial sector (88.48%); significantly higher than public (73.30% p=.000). For assessment
reply YES, the most represented is public sector
(26.70%); significantly higher than commercial
(11.52% p=.000).
On the basis of the results obtained it is possible to single out characteristics of every type of
enterprise in relation to modality: there are no significant influences – it follows - commercial sector
has poorly expressed characteristics reply NO, reply YES, reply YES, public sector has poorly expressed characteristics reply YES, reply NO, reply
YES. Since e p = .000 c2 - test, and c= .186 with
trust interval (.097; .274) which does not contain
zero, it can be said that there is low correlation of
the respondents from public service and commercial media regarding modality, there are no significant influences.
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Analysis of the difference between the
respondents in relation to assessment of
external influences over the editorial policy
in their media organizations
In this chapter we shall either prove or refute
claim that there are significant differences between
the respondents in these 2 types of enterprises
(commercial, public) in relation to 5 modalities
on external influences over the editorial policy of
their media organizations.
Since (table 7) p = .000 hypothesis H1 is rejected and alternative A1 accepted, implying significant difference between the respondents in these
media organizations.
Since pn > .1 there are no reasons not to accept
the hypothesis H3, meaning that no significant difference is noted between 2 types of enterprise and
respondents regarding: editorial policy of the competition (editorial policy of the competition .138).
Since p <.1 alternative hypothesis A3 is accepted, implying the existence of the significant difference between some respondents in 2 types of enterprises regarding : political influences (political
influence .000), influence by sponsors (influence
by sponsors .000), from interest of the auditorium
(we depend only on the interest of the auditorium
.000), there are no significant influences (there are
no significant influences .000).
Since (table 9) p = .000 for 5 synthetisized
modalities on external impacts over the editorial board, hypothesis H2 is refuted and alternative
hypothesis A2 is accepted, implying the existence
of the significant difference and clearly defined

border between some respondents in relation to
assessment of external impacts over the editorial
policy for: editorial policy of the competition, political pressures, impacts by sponsors, interests of
the auditorium, there are no significant influences.
Discrimination coefficient indicate that the
highest contribution to discrimination between
respondents from different types of enterprises in
relation to assessment on external influences over
the editorial policy is found regarding (i.e. that
the difference is highest): interests of the audience (we depend only on the interests of the audience - rating) (.105), political impacts (political
influence) (.081), influence by sponsors (impacts
by sponsors) (.058), there are no significant influences (there are no significant influences) (.027),
editorial policy of the competition (editorial concept of the competition) (.003).
Characteristics of the respondents per types
of enterprises in relation to assessment of
external influences over the editorial policy
On the basis of the hitherto considerations of
sample containing 371 respondents, in accordance
with applied methodology, it is possible to logically deduce characteristics of each of 2 types of enterprises, in line with sequence of the discrimination degree. Starting from the highest difference:
from interests of the audience, political influences,
impacts by sponsors, there are no significant influences, editorial concept of the competition, with
discrimination coefficient by sequence: 0.105,

Table 9. Significance of the difference between the respondents in 2 types of enterprises in relation to
assessment on external influences over the editorial policy
Discriminative

n

F

p

5

36.330

.000

Table 10. Discrimination coefficient, between the respondents of the various types of enterprises in
relation to assessment on external influences over the editorial policy

2010

Assessment

Discrimination coefficient

the interests of the audience
political impacts
influence by sponsors
there are no significant influences
editorial policy of the competition

.105
.081
.058
.027
.003
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0.081, 0.058, 0.027, 0.003. It should be noted that
in regards to assessment of the respondents on influences over the editorial policy there are latent
(concealed) characteristics that contribute, along
with other features, to the difference between the
enterprises although this difference is not significantly expressed in themselves and it is: editorial
concept of the competition (.138,).
Characteristics commercial - Regarding assessment: from interests of the audience the frequency of the “reply NO” (reply NO) is less than
in public sector (27.88%, 76.70%), as for “reply
YES” (reply YES) it is higher than in public sector
(72.12%, 23.30%). In regards to assessment political influences the frequency of the “reply NO” (reply NO) is higher than in public sector (84.85%,
47.09%), regarding “reply YES” (reply YES) less
than in public sector (15.15%, 52.91%). Regarding assessment impacts by sponsors frequency of
the “reply NO “ (reply NO) is less than in public
sector (68.49%, 88.83%), regarding “reply YES”
(reply YES) higher than in public sector (31.51%,
11.16%), regarding “reply YES” (reply YES) less
than in public sector (11.52%, 26.70%).
Characteristics public - Regarding assessment:
from interests of the audience the frequency of
“reply NO” (reply NO) is higher than in commercial sector (76.70%, 27.88%), as for “reply
YES” (reply YES) less than commercial (23.30%,
72.12%). In regards to assessment political pressures the frequency “reply NO” (reply NO) is less
than in commercial sector (47.09%, 84.85%), regarding “reply YES” (reply YES) higher than in

commercial sector (52.91%, 15.15%). Regarding
assessment of the impacts by sponsors the frequency of “reply NO” (reply NO) is higher than in
commercial sector (88.83%, 68.49%), regarding
“reply YES” (reply YES) less than commercial
(11.16%, 31.51%), regarding “reply YES” (reply
YES) higher than in commercial sector (26.70%,
11.52%). Since p= .000 indicates clearly defined
border between the respondents from the public
service and commercial media, it is possible to determine characteristics of the types of enterprises
in relation to assessment on external influences
over the editorial policy.
On the basis of the assessments of the respondents on external influences over the editorial
policy it can be said that: Subsample commercial
media has following characteristics - regarding:
from interests of the auditorium the reply YES,
for political influences the reply NO, for impact
of sponsors the reply YES, for there are no significant influences the reply NO, for editorial policy
of the competition the reply is YES. The sub sample public service has following characteristics for: from the interests of the audience the reply
is NO, for political influences the reply is YES,
for impacts by sponsor the reply is NO, for there
are no significant influences the reply is YES, for
editorial policy of the competition the reply is NO.
The table no. 11 indicates that commercial media depend exclusively from the interests of the
audience and this is where the highest discrimination coefficient is noted in relation to public
service. In addition, some of the respondents as-

Table 11. Characteristics of the respondents from the public service and commercial media, in relation to assessments on external influences over the editorial policy
the interests of the audience
Polical impacts
influence by sponsors
there are no significant influences
editorial policy of the competition

Discrimination coefficient

Commercial media

Public service

.105
.081
.058
.027
.003

replay YES
replay NO
replay YES
replay NO
replay YES,

replay NO
replay YES
replay NO
replay YES
replay NO,

Table 12. Homogeneity of the respondents of 2 types of enterprises in relation to assessment of external influences over the editorial policy
Commercial media
Public service
566

m/n

%

117/165
162/206

70.91
78.64
2010
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sessed that they depend on the impact by sponsors
and editorial policy of the competition. In view of
the public service it should be noted that some respondents believe that there are no significant influences over their work, while others think that
some kind of pressure is evident. These indicators
make us ponder the objectiveness of information
in both cases, as well as re-examine the kind of
influence that is wanted to be achieved through
public service.
Defined characteristics commercial (commercial) has 117 our of 165 respondents, homogeneity is 70.9% (higher), meaning that 48 respondents
have other characteristics and not the characteristics of their group.
Defined characteristics public (public) have
162 out of 206 respondents, homogeneity is 78.6%
(higher) since 44 respondents has other characteristics.
Calculation of Mahalanobis distance between
the types of enterprises gives another indicator
of similarities or differences. Distances of various spaces can be compared. Results from table
indicate that distance between the respondents of
different types of enterprises is: commercial and
public (commercial and public) higher.
Graphical outline of the position and
characteristics of the respondents of 2
types of enterprises in relation to 3 most
discriminative assessment on external
influences over the editorial policy
Elipses (type of the enterprise of the respondent) indicate relationship and characteristics of
every respondent of each out of 2 types of enterprises commercial (1) public (2)), in relation to
3 most discriminative characteristics on external
influences over the editorial policy: from the interests of the audience (pt12), political impacts
(pt10), influences by sponsors (pt11).

The chart 1. Elipses of the respondents of each
out of 2 types of enterprises in relation to assessment on external influences over the editorial
policy: from the interests of the audience (pt12),
political impacts (pt10)

Legend: commercial (1); public (2); replay NO (pt120); replay YES (pt12-1); replay NO (pt10-0); replay
YES (pt10-1).

Apscisa (horizontal axis is of auditorium interest (pt12) and has 2 degree scale, assessment,
while ordinate (vertical axis) is political influences
(pt10) and has 2 degree scale of assessment.
The chart (1) shows that in relation to the axis
the interests of the auditorium, subsample public (2)
the most represented is the assessment reply NO,
while for the subsample commercial (1) the most
represented is assessment reply YES . In relation
to axis political influences, for sub sample public
(2) an assessment reply YES is dominant, while for
commercial (1) dominant assessment is reply NO.
Apscisa (horizontal axis) is: from the auditorium interests (pt12) and has 2 degree scale , while
ordinate (vertical axis ) is influences by sponsors
(pt11) and has 2 scale of assessment.
The chart (2) indicate that in relation to axis:
from auditorium interests, subsample public (2) the
most represented assessment is reply NO, while for
subsample commercial (1) the most represented is
assessment reply YES. In relation to axis the impacts by sponsors , for subsample public (2) dominant assessment is reply NO, while for commercial
(1) dominant assessment is reply YES.

Table 13. Distance (Mahalanobis) between respondents of different types of enterprises in relation to
assessment of external influences over the editorial policy
Commercial media
Public service
2010

Commercial media

Public service

.00
1.42

1.42
.00
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The chart 2. Elipses of the respondents of each
out of 2 types of enterprises in relation to assessment on external influences over the editorial
policy: from the interests of the audience (pt12),
influences by sponsors (pt11)

Legend: commercial (1); public (2); replay NO (pt120); replay YES (pt12-1); replay NO (pt11-0); replay
YES (pt11-1).

Apscisa (horizontal axis) is political impacts
(pt10) and has 2 degree scale of assessment while
ordinate (vertical axis) is influences by sponsors
(pt11) and has 2 scale of assessments.

The chart 3. Elipses of the respondents of each
out of 2 types of enterprises in relation to assessment on external influences over the editorial
policy: political impacts (pt10), influences by
sponsors (pt11)

Legend: commercial (1); public (2); replay NO (pt100); replay YES (pt10-1); replay NO (pt11-0); replay
YES (pt11-1).

The chart (3) shows that in relation to axis
political impacts, subsample public (2), the most
represented assessment is reply YES, while for
subsample commercial (1), the most represented
assessment is reply NO. In relation to axis the im-

Table 14. Characteristics and contribution of a feature to the characteristics of sector: assessment of
the respondents on external influences over the editorial policy
Commercial media

Public service

dpr %

replay YES*, replay NO, replay NO*, replay YES,
38.32
replay NO
replay NO*
replay NO*, replay YES, replay YES*, replay NO,
Political impacts
29.56
replay YES
replay YES*
replay YES*, replay NO, replay NO*, replay YES,
Influence by sponsors
21.17
replay NO
replay NO*
replay NO*, replay YES, replay YES*, replay NO,
There are no significant influences
9.85
replay YES
replay YES*
replay YES, replay NO,
replay NO, replay YES,
Editorial policy of the competition
1.09
replay NO
replay NO
hmg %
70.91
78.64
*double value of the replay, ’’ more distinct value of the replay, hmg% homogeniety, dpr% the contribution of
the feature to characteristics
The interests of the audience

568
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pacts by sponsors, for subsample public (2) dominant assessment is reply NO, while for commercial (1) dominant assessment is reply YES.
The feature of every subsample - type of enterprise, mostly define modality: from interests of the
auditorium since the contribution of the feature to
characteristics is 38.32%, then, political influences
(29.56%), impacts by sponsors (21.17%), there are
no significant influences (9.85%), editorial concept
of the competition (1.09%). Homogeniety is for
commercial 70.91%, for public 78.64%. On the basis of the results obtained and their interpretations,
following conclusions can be drawn: In view of the
assessments by the respondents on external influences over the editorial policy (MANOVA .000 and
Discriminative .000) show that there is a significant
difference between 2 types of enterprises for: from
the interests of the auditorium (.000), political influences (.000), impacts by sponsors (.000), there are
no significant influences (.000). The difference has
not been noted in regards to the editorial policy of
the competition (.138), with discrimination, from
the interests of the auditorirum (.105), political influence (.081), impacts by sponsors (.058), there are
no significant influences (.027), editorial policy of
the competition (.003). Since, in most cases, alternative hypothesis A1, A2 and A3 are accepted , which
is to say that differences and clearly defined borders
have been established, the characteristics have been
set as well as homogeneity of every subsample.
On the basis of the assessment by the respondents on external influences over the editorial
policy it can be said that: Subsample commercial
media has following characteristics: for: from the
interests of the auditorium, the values are reply
YES*, reply NO, reply NO; for political influences, the values are reply NO*, reply YES, reply
YES; for impacts by sponsors, the values are reply
YES*, reply NO, reply NO; for there is no significant influence , the values are reply NO*, reply
YES, reply YES; for editorial concept of the competition, the values are reply YES, reply NO, reply
NO, while homogeneity is 70.91% (117/165). The
sub sample public service has following characteristics: for:from the interests of the auditorium, the
values are reply NO*, reply YES, reply NO*; for:
political influences, the values are reply YES*,
reply NO, reply YES*; for impacts by sponsors ,
the values are reply NO*, reply YES, reply NO*;
2010

for there is no significant influence, the values are
reply YES*, reply NO , reply YES*; for editorial
policy of the competititon, the values are reply
NO, reply YES, reply NO, while homogeneity is
78.64% (162/206).
In order to bring to light and better explain the
characteristics of the respondents we shall also
present replies in accordance to sectors within the
company separately in the public sector and separately in the commercial media. These results are
essentially important when viewed from the perspective of the common approach and functioning
of the management practice in media. The review
of the ensuing data shall provide ensight into the
closeness, relations and homogeneity within and
among the sectors of the public service and especially within the sectors of commercial media.
The specifics of the public sector is that the most
similar opinion are shared by the respondents employed in technical and production departments,
followed by logistics, managing team and journalist, the third group comprises finance and marketing departments. Within the sector, the most common approach was noted in respondents in production, technical and logistics department.
It is interesting to note that respondents from
the journalism department do not have strong assessment ‘’reply YES’’ on any single offered modality, just like the production department. The
least degree of discrimination appeared in regards
to modality political influences, so that it can be
said that higher number of the respondents (104
out of total 206) confirmed the existence of these
influences. In addition, a small group of respondents believe that there are no significant impacts
over their editorial policy. Contrary to this, the respondents from commercial media claim that the
strongest impact over their editorial policy comes
from the interests of the audience, as well as that
there are political influences, but they do not have
share the same attitude regarding this assessment
among the sectors, the same applies to the respondents from the public service. The dominant reply
that the strongest impacts over the editorial policy
are made by the interests of the audience is followed by replies related to impacts by sponsors
and the editorial policy of the competititon.
As for the management team of the public
service it should be noted that it is closest to the
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-

Influence of sponsors

.119

-

Editorial policy of the
competition

.059

-

Political impacts

.016

replay
YES*

replay
NO*
replay
YES”
replay
YES
replay
YES”

replay
YES*
replay
YES*

-

-

replay
NO
replay
replay NO”
NO*

Journalism

.132

replay
YES”
replay
YES

Production

-

Marketing

Finance

replay
NO*

Managing
team

Techical d.

.154

The interests of the
audience
There are no significant
influences

Logistics d.

Discriminative
coefficient.

Table 15. Charateristics of the respondents of the public sector in relation to reply to question ’’Is
there any external impact over the editorial policy of your media organization’’

replay
NO”
replay
NO”
replay replay replay
YES* NO* NO”
replay
replay
YES
NO”
-

-

-

*double value of the replay, ’’ more distinct value of the replay, hmg% homogeniety, dpr% the contribution of the feature to
characteristics

marketing

Production
dept.

Journalism

replay replay
NO YES*
replay replay
NO” NO*

Managing
team

replay
YES”

Logistics

.557

Finance dept.

Technical
dept.

There are no
significant influences
The interests of the
audience

Koeficijenat
diskriminacije

Table 16. Characteristics of the respondents of commercial media per sectors, in relation to reply to
question: Are there any external influences over the editorial policy of your media organization?

-

replay
NO”

-

-

replay
YES”
replay
replay
Influence of sponsors
.129
replay NO*
replay YES”
YES*
NO
The editorial policy of
replay replay
replay
.111
replay YES
the competition
YES
NO
NO”
replay
replay
replay
Poltical impacts
.080
replay NO*
YES”
YES*
NO
*double value of the replay, “more distinct value of the replay,
.337

-

-

-

replay YES*

Table 17. Homogeneity of the respondents from the public sector, per sectors, in relation to replies to
question: Are there any external pressurs over the editorial policy of your media organization?

m/n
%
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technical
dept.

finance
dept.

logistics

managing
team

marketing

production
dept.

journalism

17/20
85.00

4/5
80.00

2/6
33.33

10/15
66.67

7/12
58.33

13/15
86.67

74/133
55.64
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Table 18. Grouping of the respondents from the public service, per sectors in relation to replies to
questions: Are there any external pressures over the editorial policy of your media organization?
sectors
closeness

technical dept.,
production
dept.
.54

managing
team,
journalism
.79

finance
dept.,
marketing
.97

logistics,
managing
team
1.06

technical
dept.,
logistics
1.85

technical
dept., finance
dept.
2.26

Table 19. Homogeneity of the respondents from commercial media in relation to assessment on external impacts over the editorial policy, per sectors
technical
dept.

finance
dept.

logistics

managing
team

marketing

roduction
dept.

journalism

12/21
57.14

4/5
80.00

5/5
100.00

25/32
78.13

11/19
57.89

21/29
72.41

47/54
87.04

m/n
%

Table 20. Grouping respondents from commercial media per sectors in relation to reply to question
’’Are there any external impacts over the editorial policy of your media organization’’
sectors

marketing,
journalism

technical dept.,
managing team

marketing,
production
dept.

finance
dept.,
logistics

technical
dept.,
marketing

technical
dept., finance
dept.

closeness

.51

.84

.86

1.40

1.76

3.17

journalism sector, and that homoegenity of these
respondents is not high, although expected, given
the role they have in creation of the overall image and the general impression of the Vojvodina
public service. The higher homogeneity is present among the respondents from the commercial
media, since they come from various ownership
structures and media organizations in which they
are employed have different concepts, sizes, their
frequencies cover different areas, etc., but, they
share the same attitudes, led exclusively by the
market trends and aiming at sustainable development. The commendable aspect of the management team of the public service is that in majority of cases they answered that the only think they
depend upon is just the interests of the audience,
which is certainly one of the more significant factors public service management should care about.
The interests and affinities of the audience should
always come first no matter whether we talk about
the creation of new contents or reporting, i.e. reporting statements, etc. It only remains for them
to pass their impressions on the importance of interests of the auditorium on both horizontal and
vertical management hierarchy in the public service. Regarding respondents from the commer2010

cial media we note (table 20) that the sectors of
marketing and journalism are the closest, while
the most common attitudes within the group are
shared by respondents from the logistics, journalism, finance departments and then management
team (table 19).
Analysis and comparasion of the results of
research of auditoriaum with attitudes of
media organizations management
The questionnaire made in line with Likert’s
model, based upon the theory of usage and satisfaction or reward, was used as an instrument
in survey of the opinions of the auditorium. We
polled the total of 449 respondents from the area
of Vojvodina and asked them to estimate some
phenomena, in this case the media practice. We
wanted to find out how much the respondents
monitor the work of media in our country and in
the region, the level of their satisfaction with the
offered media programs, especially with the work
of the public service and to which extent they are
willing to participate in creation of the program
offer. Moreover, we took interest in finding out
571
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whether and to which extent they were interested
over the control of the work of media in the sense
of breakdown and distribution of the funding. For
this survey we shall present just the results useful
to us and in relation to the subject on the pressures
over the editorial policy of media. We analyzed
the claims:
1. Institution “citizen councils” should be
introduced into the public media service
(RTS, RTV), that would control its work: a)
yes, because the citizens finance this service;
b) yes, because in that case the citizen could
express their wishes as to programs they
want to see c)yes, since it would lessen the
impact of politics over the editorial policy; d)
yes, this would build larger trust into media
service; e)no, since citizens do not have any
experience and knowledge on this issue ; f)
no, since it would bring about deterioration
of the program quality .
2. Citizen’s supervision should be established
over the commercial media as well: a)yes,
since the voice of people must be heard;
b)yes, primarily because of the influence
exerted over the young people; c)yes, since
it would improve the quality of program; d)
no, since citizens do not have experience and
expertise on this issue; e)no, since citizens
do not pay for these programs directly.

Chart 4. An outline of the views of the audicence
regarding claim – the introduction of “citizen
council” for the supervision of the media would
reduce the political pressures over the editorial
policy
It is clearly evident from the enclosed (chart 4)
that citizens, 321 of them, consent that the political pressures are present and that they should be
reduced if not prevented by their civic initiative.
Talking about public service and establishment
of the institution ’’citizen council’’, the audito572

rium estimated that it would not bring about the
deterioration of the program quality. The results
of the processed data indicate strong belief of the
citizens as well as their self-confidence and awareness that they could contribute a lot to improvement of the public service program quality along
with the fact that political pressures on this servies
are evident. Another reason due to which the respondents (384) are of the opinon that institution
“citizen council“ should be established in public
service is the fact that they provide funding for it.
Their logical presumption is that if they are paying
for something than they should at least know the
purpose and the way the funds are spent, or, the
programs for which the money was used should
be the offer desired by the public. A large number of respondents expressed the opinion that in
this way the impact of politics over the editorial
policy should be greatly diminished, the media
should under no circumstance represent the ruling majority, coalition or any other political option in our country, but should above all inspire
new concepts, new ideas, knowledge and creativity, and ensure representation of democratic and
other civic values. Everything mentioned thus far
should build stronger trust in the public service,
313 respondents agree totally or mostly with this
option. Out of 449 respondents, 80 is not certain
as to how much the institution ’’citizen council’’
would add to building trust into public media service. These conclusions are further corroborated
by the result of survey research conducted among
the public service menagers, out of which almost
one half believe that there are political impacts
over their editorial policy and that discrimination
coefficient among their sectors is the least in relation to this offered modality, or that this is the
most frequently found reply among the respondents from the public service. The citizens (288)
are not agreeable with the proposal to establish the
institution ’’citizen council’’ in the public service
of our country (RTS, RTV) presuming that they do
not have proper experience and knowledge about
it and they do not believe that this would bring
about deterioration of the program quality (322
respondents). To the contrary, respondents (315)
think that the voice of the public should be heard
also in regards to program policy of commercial
media and that civic supervision should exist there
2010
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as well. The supervision of citizens over the commercial media should also be instituted because of
the impact over the young people, as claimed by
332 respondents, as well as on the grounds of belief that the program quality would be improved
in that case, as claimed by 237 respondents, while
108 are not certain about this. The respondents
(227) do not agree at all or mostly do not agree
with the claim that they do not have experience
or knowledge on how to supervise and imrove the
work of commercial media (although there are
106 of them who are not certain), as well as with
the claim that they do not pay commercial media
directly, 99 of them are not sure about this. To the
contrary, the opinion of citizens who do not know
anything about this job is as much important. The
claim that expertise is neither prerequisite nor necessary for membership in this body is evidenced
by the practice of the council of auditorium in
Great Britain, comprising citizens who among
themselves delegate members for voluntary performance of this job.
Conclusion
The influences over the media organizations
shall not vanish by themselves; neither will any
owner take initiative to this end. Such a change
shall be effected only thanks to huge public pressure and raised public awareness. Accordingly, the
role and taks of the expert public is clear, everybody must give incentive for something like this
to happen, explain, instigate and streamline by
communication channels available to general pubic. The changes will not take place if these survey researches are published only in professional
literature. It takes enormous efforts to raise the
problem at higher level, loads of work and appealing, a lot of media cricisim which seems to have
vanished into thin air. In our vicinity, the Republic of Croatia has faced similar problems earlier,
but they managed to get at least the legal framework1 which clearly defines who should and can
be member of a program council of a public service, i.e. that this function can not be carried out
1 Mučalo, M., Public services or commercial contests,
Political idea, Vol XLI, (2004.), no.1: 52
2010

by holders of political functions or persons who
are in any way professionally connected with the
work of public service. It is understandable that
this is just a step in reduction of the influence over
the work of the public service, but this suffice for
the time being for Serbia also, since every step forward actually marks progress in raising conscientiousness on this problem.
Along with referral to the onset of the problem
presentation, when we mentioned modeling reality
by information filtrated by powerful interest groups
and individuals, we shall present some observations
of the authority figures that dealt with this problem
most. Canadian media theorist Noam Chomsky
in his extensive analysis, distinguishes five filters2
through which an item of information must pass,
in order to become an item of information: filter of
the corporate ownershiph structure over media, filter of advertising and meda commercials, filter of
“professional” sources that provide only “reliable
information”, filter of privileged denials and filter
of auto censorship or pragmatic adoption of the official discourse. He, among other things, warns that
such a discourse is not only produced by the state
which is yet another segment in the power complex. Present concept of informative scheme, as a
response to CNN’s informative program throughout the day, can no longer be considered as modeling just information but also events, for mass
broadcasting, with the aim of making impact over
the awareness and positions. The globalizationcaused phenomena, warned off by Makluan (Marshall McLuhan) or Lipman (Walter Lippmann) are
environment and pseudo-environment, diametrally
one opposite another, they describe an individual as
capable of building his environment but warn off
his disappearance, given the growing multimediallization and influences an individual is exposed to.
Galbrajt (J.K. Galbraith) stressed also that an
item of news is produced and distributed with
three socially important goals: as part of the political communication, capitalistic production and
trade, and in order to satisfy the needs of consumers. Despite the claims that media no longer have
any impact over the auditorium, and that they do
2 Herman, E., Chomsky, N. (1988) Manufacturing
Consent: The Political Economy of the Mass Media,
New York: Pantheon Books.
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not affect establishment and changes of attitidues,
we see the struggle of all stakeholders who hold
power or aspire to get it, to be present and control
the media. George Gerbner (theory of cultivation)
who himself worked as journalist, and later on as
part of the management of San Francisco chronicle, had also practical experiences for his subsequent theorietical concepts in which he warns off
about the role of media, reflected in their growing doctrine in line with ruling establishment, and
that media can be and are used as an instrument
of control and acquiescence of socio-economic
conditions and political circumstances. It is therefore no wonder that there are influences over the
editorial policy of the media organizations by the
stakeholders interested in mentioned effects.
On the basis of the comparative research results
we conclude that efforts to exert impacts over the
managers of the media houses are present, no matter whether we are talking about the public service
or commercial media, although media menagers
do not agree on presentation of such attitudes, nor
on determination of their nature. We can ask here
the questions related to ethics and moral, or sincerety of the respondents regarding their replies,
and the way they see editorial policy, from the perspective of the way they assumed the position of
managers in media hosue, or some other position.
The competences of media expertise and literacy
have never been a precondition for performance
of such duties.
We expect that creation of media programs shall
be more and more directed towards interaction, the
area we established in our researches that is poorly
developed in our media environment. Better recognition, understanding and response to the media
programs consumers is the primary task of all media managers irrespective of th fact whether their
function is directed towards creation and distribution of the contents or marketing and promotion.
The growing differentiation of the public calls for
its growing fragmentation for identification and
understanding of these segments, everything with
the aim of more effective creation of program. If
fragmentation and differentiation of the audience
is made only from the aspect of achiving power or
attempt to exert influence of any kind, than we are
left without the space for exercising our freedoms,
rights and equalities. Political and economic im574

pacts over the editorial policy of media can sufficiently be observed through marketing presence,
there is no need to monitor them further from that.
A barrier to such pressures is public media services and the awareness on the need for socially
responsible work, i.e. media literacy of the general
population. The European future of ours and the
countries in vicinity call for a critical attitude towards media programs, lessening of political and
economic influences over the media creators, as
well as higher awareness about the importance of
media education, the lack of which is the basis of
the problem discussed.
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Abstract
Changes in any sphere of human activity involve not only certain risks, but also certain betterments and improvements. Changes in the educational system are especially sensitive because any
error in this area will become evident only after
a certain delay, which can be utterly undesirable
if one bears in mind that it takes a lot of time to
have educated personnel assume their place in the
economy and society of their country. It is generally known that the wealth of a nation is also
measured by its educational resources. The aim of
this paper is to assess the efficiency of Belgrade’s
government secondary schools of mechanical engineering by applying the DEA method.
Key words: Nonprofit organizations, efficiency, DEA method.
1. Introduction
Nonprofit organizations differ among themselves according to their structure and purpose,
which aggravates their formulation and more comprehensive definition. In general, nonprofit organizations (in further text: NPOs) represent (accord2010

ing to [7]) collective forms of individual action or,
in other words, the means by which people pursue
their aims that may not be financially profitable.
The management of a nonprofit organization is
very difficult because there is no single measure
of its performance. In contrast to the for-profit sector, emphasis in the nonprofit one is laid on the
voluntarity of its activities. Naturally, the motive
must exist in both sectors. All differences in the
use of the term “profit” are derived from the nature
of their organization and tax treatment. Secondary
schools of mechanical engineering, which are analyzed in this paper, are interesting due to the variety of student profiles they offer and their continuous need to improve them and supplement them
with new ones. Serbia has 451 secondary shools
with about 300,000 students; about 74 per cent (or
332 schools) accounts for secondary vocational
schools and the rest for high schools. The profile
of high school students changes more slowly.
Data envelopment analysis (DEA) is a modern
operational research method, which is used in a
comparative analysis of the efficiency of the entities that operate under similar conditions, use more
inputs and create more outputs. Although DEA is a
more recent method, it ranks among the most successful operational research methods and has a very
575
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wide range of applications (banking, health care,
education, agriculture, macroeconomics, military
applications, etc.). The development of DEA was
motivated by the need to assess the efficiency of
nonprofit organizations, such as schools, hospitals,
kindergartens and the like. The starting point was
the efficiency principle. According to this principle,
the desired aims or objectives should be achieved
with minimum effort or, better said, with minimum
employment of resources, so that the authors of the
DEA method defined the efficiency of a given unit
as the ratio of the weighted sum of its outputs to the
weighted sum of its inputs.
In assessing the performance of nonprofit organizations, it is most often necessary to consider a
number of different inputs and outputs. Therefore,
in order to assess the efficiency of such an organization, one must solve the problem of aggregating
the observed inputs (outputs) in one virtual input
(output). To that end, it is first necessary to express
input and output data in mutually comparable value scales (scaling problem) and then determine the
relative significance of inputs and outputs (assigning weighted coefficients, or the weighting problem). The DEA method allows each unit to freely
select the values of weighted coefficients in such a
way as to maximize its efficiency, while the scaling problem is solved uniformly, by expressing efficiency numerically between 0 and 1.
For the efficiency assessment of the schools
in question, the appropriate inputs and outputs,
as well as the appropriate values of weighted coefficients were selected. If the efficiency index
of a school is 1, such a school is considered efficient and vice versa: if the index is lower than 1,
such a school is considered inefficient. If a school
is efficient, this means that – with the values of
weighted coefficients determined by it – no other
school can achieve a higher output value for a given input, while in the case of inefficient schools
this is not so. On the basis of the calculated values
of their efficiency indices, DEA classifies schools
into relatively efficient and relatively inefficient.
The identification of inefficient schools is strong,
because they are inefficient although they selected
the most favourable weights for their inputs and
outputs. On the other hand, the identification of
efficient schools is weak, because it may happen that some schools appear to be efficient just
576

because they included favourable weights in efficiency measurement. In addition to relative efficiency, DEA provides other useful information
for the functioning of all schools. For each inefficient school DEA identifies the sample group
that is comprised of the schools being efficient
with the weights of the inefficient school. These
sample schools serve as an example of good operating practice to inefficient schools. DEA also
provides efficient input and output levels for each
inefficient unit with which it will become effcient.
Although DEA is not a ranking method, primarily because its measure of efficiency is relative, many authors apply it for practical reasons –
to select the best unit, or the best group of units, on
the basis of the efficiency index. The best known
DEA model (see [1]), which is used for this purpose, was developed by Andersen and Petersen
(super-efficiency assessment model).
We applied the DEA method to government
secondary schools of mechanical engineering in
the Belgrade District, using a number of different
inputs to generate a number of different outputs.
It was ascertained that the available resources and
organization of secondary schools of mechanical
engineering exerted influence on the quality (level) of students’ knowledge, measured by faculty
entrance exam results. The research relating to
relative efficiency assessment achieved limited results for objective reasons. The underlying reason
was undoubtedly the incompleteness of the data
on student input quality. This problem could be alleviated by:
–– Including a greater number of faculties in
the analysis;
–– Applying a more comprehensive school
facility assessment method;
–– Including all secondary schools of mechanical engineering in the country in the
analysis;
–– Including all vocational schools in the analysis.
Regardless of the problems encountered during
this research (such as the incompleteness of certain data, nonexistence of a uniform database in all
schools and the like), the DEA results are significant
and can be useful not only to the observed schools,
but also to a great number of employed in the education sector. We hold that such a model of school
2010
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efficiency assessment and relevant information can
also be very useful to the Ministry of Education. In
addition, it can provide the basis for more advanced
research and assessments in the education sector.
Nonprofit organizations (NPOs) differ significantly from for-profit ones. They represent collective forms of individual action or, more exactly,
the means by which people pursue their aims that
are not necessarily profitable, or are forced upon.
According to D. Horton Smith (see [7]), the “voluntary” or “nonprofit” sector refers to “all individuals, groups, roles, organizations and institutions
in society whose aims primarily include voluntary
action and those are especially nonprofit organizations”. The term “voluntary action” refers to
something that is not forced upon; rather, such an
action is carried out in expectation of some physical benefit, or due to commitment to some idea.
During the past twenty or so years, the typology of NPOs underwent a number of changes but,
in essence, it can be applied in two basic ways,
depending on whether the classification of NPOs
is based on their major purpose, or primary ones.
The authors of the typology of NPOs, D. Horton
Smith, B. R. Baldwin and E. D. White, prefer the
latter typology. In creating this typology, its authors studied in detail whether some NPOs were
substantively different in terms of their purpose.
Thus, the classifications that failed to make such
a distinction were rejected. In this connection, the
basic categories of NPOs include (see [7]):
In order to provide conditions for the efficient
and effective accomplishment of its mission, an
NPO must clearly determine why its organization exists, its purpose and the reason for its existence. It must also set its aims, which are derived
from the organization’s mission, as well as the efficiency standards, measures and time-limits for
projects, in addition to using the feedback from
the measures implemented under its programmes,
thus affirming the fine tuning mechanisms in the
system. In order to survive and become efficient,
NPOs must be flexible and adjust to changes in
their environment. A prudent NPO will know
when time has come that it should relinquish some
less prominent, nonprofit functions to others (the
business or government sector). There are always
new needs and problems that can be addressed,
as well as new ways to deal with old problems
2010

and needs. Therefore, the relinquishment of some
functions by an NPO should not be regarded as its
failure or loss, but as the sign of its success.
2. Data envelopment analysis – dea
The development of the DEA method was
motivated, first of all, by the need to assess the
efficiency of nonprofit organizations, such as
schools, hospitals, kindergartens and the like. The
starting point was the efficiency principle, which
was introduced by Farrell for producing organizations. According to this principle, the desired aims
should be achieved with minimum effort or, better
said, with minimum employment of resources. In
view of the fact that in assessing the performance
of organizations, especially nonprofit ones, it is
most often necessary to consider more inputs and
outputs which are – according to their nature –
mostly different and expressed in different units
of measurement. It is also necessary to solve the
problem of aggregating the observed inputs (outputs) in one virtual input (output). In this connection, it is first necessary to express input and
output data in mutually comparable value scales
(to solve the scaling problem) and then to determine the relative significance of individual inputs
and outputs or, in other words, to assign weighted
coefficients to inputs and outputs (to solve the
weighting problem). In such circumstances, the
authors of the DEA method defined the efficiency
of the observed unit in the following way:
h = weighted sum of outputs
weighted sum of inputs.
In practice, it is very difficult to assess inputs
and outputs and then to determine the joint set
of weighted coefficients, because some units are
rather biased in assigning weights to their inputs
and outputs. For example, if school efficiency is
assessed, it can be observed that some schools assess their achievements in some fields (technology,
sports) differently than others. Thus, the authors of
the DEA method adopted the view that the method
for determining the values of weighted coefficients
did not have to be unbiased. Instead, all units whose
efficiency is assessed should agree on:
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–– The inputs and outputs that should be taken
into account and
–– The minimum permissible values of
weighted coefficients.
The scaling problem is solved by expressing
efficiency numerically between 0 and 1, while
each organizational unit is free to determine the
values of weighted coefficients in such a way as
to maximize its efficiency, whereby the weights
must have non-negative values, while the quotient
of the virtual output and input of each unit must
be higher than 1. The authors of the DEA method,
Charnes, Cooper and Rhodes, emphasize that a
unit can be considered efficient only if the following conditions have not been met:
–– Any output can be increased without
increasing any input and without decreasing
any other output, and
–– Any input can be reduced without reducing
any output and without increasing any other
input.
The basic characteristic of the DEA method is
that its measure of efficiency is relative. In other
words, each unit is assessed as being relatively efficient or relatively inefficient. It is important to
note that the identification of inefficient units is
strong, while the identification of efficient units is
weak, since they may be efficient only because the
inclusion of favourable weights in the assessment
of their efficiency. Data envelopment analysis is
a successful new method for the empirical establishment of the best practical frontier of production and its authors (see [6]) highlight the following characteristics of DEA:
–– Attention is focused on individual observations and not on population averagings;
–– The analysis includes the values with more
inputs and outputs, which are expressed in
their natural units;
–– The individual summary measure for each
entity is determined according to the use of
input factors in the production of the desired
outputs;
–– The functional form of production input-out
ratio is not required;
–– Input and output values can be included at
any moment;
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–– The prices and weights for input and output
factors are not required in advance;
–– Each entity is assessed according to the
same criteria.
2.1. DEA Models
The development of the DEA model began
when Charnes, Cooper and Rhodes (see [5]) proposed to solve the optimization problem of linear
fractional programming for each unit. In the same
work, they formulated input-oriented CCR primal
and CCR dual models. Input-oriented models assume that the observed units operate under constant returns to scale.
In 1983, Fare and Grosskoph (see [13]) proposed output-oriented DEA models. In 1984,
Banker, Charnes and Cooper expanded the original CCR DEA models by allowing the units to operate under varying returns to scale and defining
BCC DEA models accordingly.
CCR and BCC DEA models can be primal and
dual. The first model is also referred to as “weighted”, while Athanassopoulos uses the attribute ”defence” for this DEA model, since the weighted coefficients, which enable the unit’s maximum efficiency, are assigned to the remaining units that try
to “defend” their efficiency. The dual model has
an envelope form, so that the name of the method
(DEA) is derived just from it. When a hypothetical
composite unit cannot be constructed outside the
existing units, the k-th unit is efficient. The dual
DEA method is also called “offensive”, because
the efficiency of the k-th unit is “attacked” by using a composite unit.
The differences between CCR and BCC DEA
models, shown in Table 1 and Figure 1, primarily
involve the following:
Table 1. Measurement of the efficiency of units
using the CCR and BCC models.
Unit Input Output CCR model BCC model
J1
J2
J3
J4
J5
J6

3
4.5
6
9
11
9

1
6
4
7
8
6

0.25
1.0
0.5
0.583
0.545
0.5

1.0
1.0
0.65
0.861
1.0
0.5
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–– The CCR model (represented by the direction
from the origin of the coordinate system in
Figure 1) measures total technical efficiency,
while the BCC model (represented by the
full line in Figure 1) measures only pure
technical efficiency;
–– The efficiency index of the CCR model is
always lower than or equal to the efficiency
index of the BCC model;
–– The CCR model requires constant returns
to scale, while the BCC model allows
changeable returns to scale;
–– Input and output-oriented CCR models
provide interlinked solutions, so that it is
sufficient to solve any of these models in
order to interpret the solution.
–– The solutions of an input-oriented BBC
model differ from those of an output-oriented
BCC model, so that if both interpretations of
the solution are necessary, the solutions of
both models are necessary as well.

Source [17]

Figure 1. Measurement of the efficiency of units
using the CCR and BCC models.
In an input-oriented DEA model the aim is to
achieve the existing output level with minimum
input involvement. A unit (e.g. school) is relatively inefficient if it is possible to reduce any input
without reducing its outputs and without increasing any of the remaining inputs. An inefficient
unit can become efficient by reducing its outputs,
whereby its inputs remain the same.
In an output-oriented DEA model the aim is to
maximize output using the existing input level. A
unit (school) is relatively inefficient if any output
can be increased without increasing its inputs and
reducing any of the remaining outputs. An inef2010

ficient unit can become efficient by increasing its
outputs, whereby its inputs remain the same.
Accordingly, efficiency in an input-oriented
DEA model is improved by proportionately reducing its inputs, while the output orientation of the
model requires a proportionate increase in its outputs. In this paper we used an input-oriented CCR
DEA model for school efficiency assessment and
the Andersen-Petersen model (see [1]) for school
ranking.
2.2. Procedure for Applying the DEA Method
The DEA method includes several different approaches and models, which are interlinked and
jointly used for assessing the efficiency frontier and
relative efficiency of the observed units. The DEA
method provides the information being of significance for managing the operation of both efficient
an inefficient units. As for inefficient units, DEA
finds the way to achieving their efficiency. As for
efficient units, the DEA method provides the information on how they can become more efficient. In
order to successfully apply the DEA method to assessing the performance of the observed units, all its
phases must be implemented in full. In conducting
the efficiency study using the DEA method, Martić
proposes (see [19]) four phases:
–– Defining and selecting the units whose
relative efficiency should be assessed;
–– Determining the input and output factors
being relevant to and suitable for assessing
the relative efficiency of the selected units;
–– Selecting an adequate DEA model and
–– Solving the DEA model and analyzing and
interpreting the results.
1. The DEA method enables the assessment
of the relative efficiency of “comparable” units,
which is aimed at improving their performance.
In order to apply this method, it is necessary to
ensure that the differences among similar units are
measurable. Thus, in selecting the units for relative efficiency assessment by the DEA method, it
is necessary:
–– To ensure a homogeneous group of units
(where a comparison makes sense) and
–– To identify the differences among those units.
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In selecting the units that will be included in the
analysis, it is necessary to solve the problem of the
group size or, more exactly, the number of units that
will be compared. To be included in the analysis, a
unit must meet the following conditions:
–– There must be the data on all input and
output factors;
–– The data on input and output factors for
each unit must refer to the same period and
–– The observed period must be “natural”, in
accordance with the seasonal cycle, budget,
school year or day period.
2. In selecting input and output factors it is
necessary to consult with the people working in
the units that will be assessed in order to properly
identify the most important inputs and outputs.
The analysis should include all important inputs
(i.e. the resources that are used) and all important outputs. At the beginning, the list of the factors that will be used to assess the performance of
the selected units should be as long as possible.
Namely, it should include all factors that may have
any impact on the performance of these units. The
factors can be either partially or fully controlled by
the units and can also include environment factors
(which are not controlled by the units). We also
differentiate between quantitative factors (readily accessible) and qualitative factors (which may
cause some difficulties when being converted into
their numerical values). However, all factors must
be classified into input and output ones, depending
on their nature, that is, the direction of their impact
on efficiency.
It is recommended that the next step should be
to introduce the limited number of carefully selected factors. The final choice of input and output factors also depends on the availability of the
relevant data. The analysis can include only those
factors whose intensity data are available for each
observed unit. The procedure for selecting input
and output factors consists in the reduction of their
initial list (including plenty of them), so that only
the most important ones remain. In some hitherto
efficiency studies, the initial list included more
than 50 factors and was then reduced to ten or so
factors for the analysis. In this connection, it is
proposed (see [19]) to reduce the list of factors in
three steps, based on:
580

–– The opinion of experts in the line of business
of the observed units;
–– Quantitative analyses that are not DEAbased and
–– Analysis of the initial DEA results.
3. The DEA method is comprised of the family
of models which interpret the results in different
ways. In order to select an adequate DEA model
for the efficiency assessment of selected units, it is
necessary to determine:
–– Whether they operate under constant or
variable returns to scale;
–– Whether it is easier for them to reduce inputs
or increase outputs;
–– Whether there are exogenously fixed outputs
and/or inputs;
–– Whether some input and/or output factors
express only the presence or absence of
some characteristic, or must be expressed as
ordinal data;
–– Whether all input and output factors are
equally significant and
–– Whether it is necessary to rank efficient
units, etc.
4. The result of the DEA method is the measure
of relative efficiency, which is determined for each
unit. The DEA method also provides the information being of significance for the further operation
of both efficient and inefficient units. In order to
explain the efficiency indices of the observed units
and manage their further operation, based on the
optimal solutions of the selected DEA models, the
reports (see [19]) containing the following information can be obtained:
–– Distribution of virtual inputs and outputs;
–– Cross-efficiency matrix;
–– Benchmark (sample) units for inefficient
units;
–– Target inputs and outputs for inefficient
units;
–– Monitoring of changes in efficiency over
time;
–– Assessment of resource redistribution
among units.
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3. An example of the application of the
dea method to assessing the efficiency
of belgrade’s government secondary
schools of mechanical engineering
The educational results of a school are not only
the product of its efficiency, but also of the parameters that can be regarded as the factors of its environment. The method that enables school efficiency assessment, taking into account multiple educational results, is the DEA method. This method
assesses the performance of schools by measuring
their educational results (outputs) and contextual
variables (inputs) that influence outputs.
For the efficiency assessment of government
secondary schools of mechanical engineering in
the Belgrade District an input-oriented CCR DEA
model with constant returns to scale was used. The
sample was comprised of 15 schools and the base
year was school year 1994-95. The presented results are based on the data for 3 inputs and 3 outputs. Since the DEA method enables different (in)
efficiency analyses and assessments, the sample
schools for inefficient schools were selected, in
addition to the target input and output values that
would make them relatively efficient. The schools
were ranked according to the Andersen-Petersen
model and cross-efficiency matrix. A comparative
analysis of these two school ranking models was
also made in order to get a more comprehensive
picture of the efficiency of the observed schools.
All observed schools offer the educational profiles in the field of mechanical engineering and
metal processing. The analysis covered only the
students attending a four-year programme. The
schools whose efficiency had to be assessed are
presented in Table 2.
The data on these schools, which are presented
in tabular form (see Table 3), refer to the students,
their socio-economic status, teaching staff, school
facilities, etc.
We presented only the table showing the data
on school 7. The identical tables were created for
all 15 observed schools (see [17]). On the basis of
the data on these schools, the list of input-output
factors was reduced to 3 input and 3 output factors, which are presented in Table 4.
The input parameter relating to the number of
teachers could also be measured by the number of
2010

teachers with varying degrees of experience, or by
their earnings. However, in order to provide easier
access to the relevant data and bearing in mind the
different composition and number of employed
in these schools, the proportional number of
employed or, more exactly, the number of teachers corresponding proportionally to the observed
group of students, was included in the analysis, on
the input side.
The proportional number of employed in the
school is obtained as the ratio: (total number of
employed × number of base-generation enrolled
students) / total number of students in the school.
As an illustration, we will explain how the data
on school 7 were obtained. The total number of
employed is 130 (see Table 3), number of basegeneration enrolled students is 205 and the total
number of students is 1,482. Accordingly, the
proportional number of employed is: (130 × 205)
/ 1482 = 17,982 or, more precisely, there is one
teacher per 17,982 students (see Table 9).
Student input quality is an educational resource, since the school increases its value by its
educational and upbringing activities. Namely,
this resource can be measured only if there is the
national testing plan, so that in our case its value
was measured on the basis of the average number
of scores obtained by students, by scoring the relevant elementary school subjects and the average
number of scores in the Serbian language and literature obtained by students at the entrance exam.
The maximum number of scores that can be obtained by students is 100, out of which 40 scores
account for the entrance exam.
School facility assessment provided an objective and subjective school assessment. Table 3 shows
that this factor includes a number of parameters influencing, either directly or indirectly, the quality of
students’ and teachers’ work and stay in the school.
An objective assessment was made on the basis of
the relevant data obtained in the schools, while a
subjective one, based on the independent assessment of several factors concerning the external and
internal school environment, was intended to be a
supplement to an objective assessment. The first 6
parameters in Table 3, from the “average number
of students/class“ to “m2 of outdoor sports space“,
refer to an objective school assessment, while
the last 6 parameters, from “school courtyard“ to
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Table 2. The list of secondary schools whose relative efficiency is assessed.
Item No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Source [11]

School name and location
Petar Drapšin Technical School, Belgrade
Polytechnical Academy – Secondary Technical School, Belgrade
School of Electrical and Mechanical Engineering, Belgrade-Zemun
Technical School, Belgrade-Železnik
Pančevo School of Mechanical Engineering, Pančevo
Beograd School of Mechanical Engineering, Belgrade
Radoje Dakić School of Mechanical Engineering, Belgrade-Rakovica
1 maj School of Mechanical Engineering, Belgrade
Electrical Industry School, Belgrade
School of Shipping, Shipbuilding and Hydraulic Engineering, Belgrade
Buda Davidović Technical School, Obrenovac
Kolubara Technical School, Lazarevac
Technical School, Mladenovac
Transport Engineering School, Belgrade-Zemun
Zmaj School of Mechanical Engineering, Belgrade-Zemun

Address
Bulevar V. Bojovića 2
Bulevar AVNOJ-a 152
Nade Dimić 4
Jugoslovenska 19
Braće Jovanovića 103
Baje Sekulića 103
Miška Kranjca 17
Omladinskih brigada 25
Visokog Stevana 37
Miloša Pocerca 2
Mila Manića 12
Race Terzića 6
Bože Damjanovića 33
Cara Dušana 262
Autoput 17

Table 3. An overview of the data on school 7.
School name, location, phone: Radoje Dakić School of Mechanical
Engineering, Rakovica, Miška Kranjca 17, phone: 583 625
General
Value
data
Total
number of 130
employed
Teaching
staff
Nonteaching
staff

97

33

Indicator

Average
number of 1482/47
students/class
Average
number of
1482/97
students/
teacher
m of school
space
2

Total
m2 of sanitary
number of 1482
facilities
students
Total
m2 of indoor
number of 47
sports space
classes
Number
of students
205
enrolled in
1994-95
Number of
1994-95
177
generation
graduates

Value Average Apprisal

m2 of outdoor
sports space

4

4

4

15.28

Sanitary
facilities

4

4

4

177

0.12

School 7

II Average

School
courtyard

2.91

1500

I

31.53

4317

288

Student performance

0.19

1.01

Classrooms 4

4

Teachers’
4.5 5
offices
Staff room 3.5 4

Principal’s
office

Elementary Entrance
Educational
Total
Value
school
exam
level
Doctoral
degree (3.5)

/

University
degree (2.5)

53

4

Two-year
postsecondary
education
(2.0)

14

4.75

Highly
skilled (1.85)

8

Secondary
education
(1.6)

178

3

Skilled (1.5)

67

3.92

Non-skilled
(1.0)

20

3.75

46.85

23.71

72.36

NOTE:

28 students, or 13.66%,
dropped out of school
Parents’ average social
potential is 1.71

3

3

Final
3.83 4
indicator

Parents’ social
potential

Source [16]

Table 4. Input and output factors
Item No.
1
2
3

Inputs
Proportional number of employed (X1)
Student input quality (X2)
School facility assessment (X3)

Outputs
Percentage of graduates (Y1)
Number of graduates (Y2)
Student output quality (Y3)

Source [11]
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Table 5. The assessment of school facility parameters for input 2.
Input 2 Teach. Teach. Teach. Teach. Teach. Teach. Teach. Teach. Teach. Teach. Teach.
∑
data
1
2
3
4
5
6
7
8
9
10
11
P1
10
11
11
11
12
12
12
11
12
11
12
125
P2
12
12
12
12
11
9
11
12
11
8
11
121
P3
9
9
10
6
7
7
5
7
10
9
3
82
P4
4
2
2
5
5
2
2
2
5
7
5
41
P5
7
7
7
8
6
8
4
8
4
4
8
71
P6
6
6
6
4
4
10
3
6
3
3
7
58
P7
5
4
4
7
3
3
6
3
3
5
4
47
P8
3
5
5
3
2
5
8
5
6
6
6
54
P9
8
8
9
9
9
6
10
9
8
10
10
96
P 10
11
10
8
10
10
11
9
10
9
12
9
109
P 11
2
3
3
2
8
4
7
4
7
2
2
44
P 12
1
1
1
1
1
1
1
1
1
1
1
11
Source [11]

Table 6. Input 2 data according to the first variant.
Input 2 School School School School School School School School School School School
data
1
2
3
4
5
6
7
8
9
10
11
P1
55.9
51
32.6
47.3
62.5
1
40.8
51.3
11.1
125
34.4
P2
44.4
72.8
35.9
83.6
47.1
41.7
30.6
6.4
1
121
28.7
P3
1
23.9
25.5
82
5.6
32.5
5.1
61
2.1
51.3
14.5
P4
8.2
22.2
5.4
30.7
3.4
7
11.9
41
0.64
20.5
1
P5
68
1
14.2
49.5
17.6
15.7
8.8
26.4
1
14.1
1
P6
54.6
1
17.1
58
11.5
34.2
36.4
23.7
11.5
1
3.95
P7
23.5
32.3
23.5
47
14.7
17.6
35.3
32.3
23.5
1
22.3
P8
29.1
54
4.2
45.7
26.6
1
45.7
29.1
23.3
12.5
16.7
P9
43.6
78.5
43.6
96
66.3
5.26
69.8
34.9
47.1
1
8.7
P 10
65.4
109
65.4
101.7
77
26.2
101.7
50.8
50.8
43.6
1
P 11
16
44
12
40
12
12
24
16
11.2
2.4
1
P 12
2.5
11
1
9.8
1.2
6.1
1.2
6.1
3.7
1.2
6.1
∑
412.2 500.7 280.4 691.3 345.5 200.3 411.3
379
176.9 394.6 139.4
Source [11]

Table 7. Input 2 data according to the second variant.
Input 2 School School School School School School School School School School School
data
1
2
3
4
5
6
7
8
9
10
11
P1
80
80
65
80
80
35
65
80
50
125
65
P2
60
80
60
80
60
60
40
20
20
121
40
P3
30
50
50
82
30
50
30
70
30
70
40
P4
17
29
17
35
11
17
17
41
11
23
11
P5
68
8
20
44
20
20
8
32
8
20
8
P6
58
8
17
58
17
38
38
28
17
8
8
P7
29
35
29
47
17
23
41
35
29
11
23
P8
33
54
12
47
26
12
47
33
26
19
19
P9
54
82
54
96
68
26
82
54
54
26
26
P 10
80
109
80
109
80
35
109
80
80
50
20
P 11
29
44
29
44
29
29
34
29
24
19
19
P 12
7
11
5
11
7
10
7
10
8
7
10
∑
545
590
439
733
446
355
517
512
358
499
289
Source [11]
2010
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“principal’s office“, represent a subjective school
assessment. In order to have the presented data define this input, they were first expressed in mutually
comparable value scales (scaling) and then, in order
to determine the relative significance of individual
parameters (weighting), a survey was conducted in
the school (see Table 5).
The survey anticipated that 11 teachers, selected by random sampling, should rank 12 parameters, which (objectively and subjectively) describe
school facilities, assigning value to them (according to their significance) from 1 to 12. Scaling was
carried out in three different ways and the results
were adjusted and presented in Tables 6, 7 and 8
(symbol P in Tables 5, 6, 7 and 8 refers to the term
“parameter”).
The parents’ social potential was analyzed as
the potential input resource, since it can be expected that parents with a higher level of education will provide more active support to their children’s learning. This input could also be characterized as an environment factor in view of the fact
that parents can be involved in the school’s work
through some kind of parents’ association (school
council). Table 3 shows the professional and skills
structure of the parents of base-generation students, while the item “average“ provides the average labour coefficient values assigned to the relevant educational background. In view of the fact
that the mentioned input factors were subjectively
assessed as being the most significant, the parents’
social potential was not used for the analysis, because the increased number of input-output factors for 15 observed schools would reduce the discriminatory power of the DEA method.
Student input quality presents the students’
entrance exam results for entry to the Faculty of
Mechanical Engineering. This input had to cover
the students’ entrance exam results for entry into all
technical faculties. However, research was significantly limited, since the desired data could not be
obtained. Therefore, the results should be accepted
with a reservation, since it could be expected that a
great number of successful students competed for
entry to some other faculty. The average score sum
was calculated on the basis of the entrance exam
results of base-generation students and their scores
“brought“ from the secondary school. This sum
was considered as an output resource.
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In some schools, the number of students taking
entrance exams was lower than 5%, compared to
the number of graduates. This was the case with
schools 12, 13, 14 and 15, which were excluded
from the analysis, since it was evident that the results would not give a realistic picture of relative
school efficiency.
In order to avoid the discrimination of larger
schools, the number of graduates, out of the
students who enrolled in the school in 1994-95,
was introduced as an output. The percentage of
graduates is also a logical output.
For assessing the efficiency of Belgrade’s secondary schools of mechanical engineering by applying the basic DEA method, E-DEA software
(see [19]), developed at the Faculty of Organizational Sciences in Belgrade, was used. The analysis of the efficiency assessment results included 11
out 15 schools and the relevant input and output
results are presented in Table 9.
By applying an input-oriented CCR model, the
efficiency indices for 11 observed schools and the
list of sample schools for inefficient schools were
obtained for different variants of the data involving 3 inputs and 3 outputs. Table 10 shows several
combinations of input-output factors.
As the result of solving an input-oriented CCR
model, with constant returns to scale, a school is
relatively efficient if its efficiency index is equal to
1 and inefficient if the index is lower than 1 (see
Table 11). Thus, the latter school should proportionally reduce its inputs in order to become efficient.
Table 11 also lists the sample schools for the inefficient ones in parentheses, after the efficiency index values. The sample units are efficient with the
optimal weights, selected by the observed inefficient
units for its inputs and outputs in the primal DEA
model. The comparison of the input-output levels of
a relatively inefficient unit and its sample units shows
clearly the areas in which inefficient units are weak.
The results obtained for variant 1 (the option
with 3 inputs and 3 outputs) show that 10 out of
11 schools are relatively efficient and that only
school 4 is inefficient. For the latter school, however, schools. 7, 8 and 11 appear as the sample
ones (these schools are relatively efficient with the
weights selected by school 4) and represent the example of good operating practice for school 4. The
detailed results for school 4 are given in Table 12.
2010
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Table 8. Input 3 data according to the third variant.
Input 2 School School School School School School School School School School School
data
1
2
3
4
5
6
7
8
9
10
11
P1
17
17
15
17
17
3
15
17
9
30
15
P2
11.6
17.4
11.6
17.4
11.6
11.6
5.8
2.9
2.9
29
5.8
P3
2.1
8.4
8.4
21
2.1
8.4
2.1
16.8
2.1
16.8
4.2
P4
2.4
7.2
2.4
9.6
1.2
2.4
2.4
12
1.2
4.8
1.2
P5
17
1.8
3.6
10.8
3.6
3.6
1.8
7.2
1.8
3.6
1.8
P6
16
1.6
3.2
16
3.2
9.6
9.6
6.4
3.2
1.6
1.6
P7
8.4
9.8
8.4
14
2.8
5.6
11.2
9.8
8.4
1.4
5.6
P8
9
15
1.5
12
6
1.5
12
9
6
3
3
P9
14.4
19.2
14.4
24
16.8
4.8
19.2
14.4
14.4
4.8
4.8
P 10
17.2
26
17.2
26
17.2
5.2
26
17.2
17.2
10.4
2.6
P 11
7.8
13
7.8
13
7.8
7.8
9.1
7.8
5.2
2.6
2.6
P 12
6
10
4
10
6
8
6
8
7
6
8
∑

131.9

147.4

98.5

191.8

97.3

71.5

120.2

130.5

79.4

114

56.2

Source [11]

Table 9. An overview of input and output data.
School

Input 1

Input 2

Input 31

Input 32

Input 33

Output 1

Output 2

Output 3

School 1
School 2
School 3
School 4
School 5
School 6
School 7
School 8
School 9
School 10
School 11

28,353
23,660
5,754
17,379
7,835
8,817
17,982
8,400
4,488
3,592
9,768

77
71.57
68.43
71.21
70.06
73.26
72.36
67.08
79.65
72.46
66.36

412.2
500.7
280.4
691.3
345.5
200.3
411.3
379
176.9
394.6
139.4

545
590
439
733
446
355
517
512
358
499
289

131.9
147.4
98.5
191.8
97.3
71.5
120.2
130.5
79.4
114
56.2

83.45
82.35
78.46
83.33
88.51
58.75
86.34
73.47
78.68
54.54
81.89

56.39
67.56
67.01
59.28
52.19
63.97
64.30
71.87
50.73
50.53
54.67

242
172
51
120
77
47
177
72
48
12
95

Source [11]

Table 10. Applied variants of input-output factors.
Variant 1
Variant 2
Variant 3
Variant 4
Variant 5

3 inputs (X1, X2, X3)
3 outputs (Y1, Y2, Y3)
2 inputs (X1, X3)
3 outputs (Y1, Y2, Y3)
3 inputs (X1, X2, X3)
2 outputs (Y1, Y2)
2 inputs (X2, X3)
2 outputs (Y1, Y2)
2 inputs (X1, X3)
2 outputs (Y2, Y3)

Source [11]
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In this combination of input-output factors,
only school 4 is relatively inefficient. Therefore, it
is possible to make a more detailed analysis of the
results obtained for this school. According to the
values of its input potentials, school 4 is at the top
of the scale of 11 schools, while according to its results it is in the lower part of the scale. On the other
hand, insight into Table 12 enables an analysis of
the significance attached by this school to its inputs
and outputs in an attempt to maximize efficiency.

The highest efficiency among the inputs was assigned to input X3 (student input quality: 92.91%)
and then to input X2 (school facility assessment:
6.91%), while the least significance was assigned
to input X1 (the proportional number of employed:
1.74%). As for the outputs, the highest significance
was assigned to output Y1 (the percentage of graduates: 55.88%) and then to output Y2 (student output
quality: 33.1%), while the least significance was assigned to output Y2 (number of graduates: 0.27%).

Table 11. Relative efficiency indices obtained by applying the CCR DEA model.
Variant 1

Variant 2

Variant 3

Variant 4

Variant 5

1
1
1
0.9617
(7,8,11)
1

School 6

1

1

1
1
1
0.9660
(7,8,11)
1
0.8231
(3,8)

0.8788
0.9882
1

School 5

1
1
1
0.9231
(7,8,11)
1

School 7

1

1

1

School 8

1

1

1

1

School 9

1

1

1

1

School 10

1

1

1

1

School 11

1

1

1

1

0.8790
0.9884
1
0.9604
(8,11)
1
0.9977
(3,11)
0.9954
(8,11)
1
0.7988
(5,11)
0.6742
(8,11)
1

School 1
School 2
School 3
School 4

0.9603
1
1
0.9954

Source [11]

Table 12. Results of the efficiency assessment of school 4.
Inputs
Value Weights Virtual value
17.379 0.0001
0.001737
691.3 0.0001
0.06913
71.21 0.01304
0.929132

Outputs
Value
83.33
59.28
120

Weight Virtual value Target inputs Target outputs Samples
0.00670 0.5588412
12.337
83.33
7
0.00558 0.3310447
242.39
59.28
8
0.00027 0.0331927
68.793
120
11

Source [11]

Table 13. School efficiency ranking by applying the AP model.
School
AP 1
AP 2
AP 3
Rank 1
Rank 2
Rank 3
Average

School School School School School School School School School Schoo1 School
1
2
3
4
5
6
7
8
9
10
11
1.335 1.055 1.177 0.962 1.065 1.019 1.109 1.098 1.395 1.205 1.774
1.299 1.055 1.171 0.963 1.065 1.039 1.110 1.098 1.277 1.205 1.435
1.277 1.056 1.192 0.965 1.066
1.58
1.111 1.099 1.279 1.207 1.677
3
9
5
11
8
10
6
7
2
4
1
2
9
5
11
8
10
6
7
3
4
1
3
10
5
11
8
9
6
7
2
4
1
3
9
5
11
8
10
6
7
2
4
1

Source [11]
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The results obtained for variant 2, with 2 inputs
and 3 outputs, by applying the CCR model show
that school 9 is relatively efficient. The only change
is that school 6 is now inefficient, which is understandable given the rather low value of its input resource, which was omitted in this combination of
input-output factors. School 8 now appears twice
as the sample one. In this case, school 4 reduced
its inefficiency because, in comparison with other
schools, it has the highest school facility assessement value, which was ignored on this occasion.
Variant 3, with 3 inputs and 2 outputs (output Y3, that is, the number of graduates, was ignored), shows that, apart from school 4, larger
schools, with the highest value of this factor, also
become inefficient. Those are schools 1, 2 and 7.
An analysis of the results obtained by variant 2
shows that schools 3, 5, 8 and 11 are relatively efficient. On the other hand, schools 8 and 11 appear
as the sample ones 5 and 7 times respectively.
Although some authors use the frequency of
appearing in the sample groups as the criterion for
ranking relatively efficient units, Martić (see [19])
holds that this criterion is not good enough, since
it shows only how many inefficient units attach
similar significance to specified inputs and outputs, like a specified efficient unit. Schools 1, 2, 4,
6, 9 and 10 do not appear as the sample schools for
any efficient school.
If school facility assessment is replaced with
the proportional number of employed, on the input side, and the percentage of graduates with the

number of graduates, on the ouput side, whereby
the number of inputs and outputs (variant 5) remains the same, schools 1, 2, 7, 9 and 10 will become relatively efficient, schools 5 and 11 will
be inefficient, while schools 4 and 6 will increase
their inefficiency still further.
Table 13 shows the ranking of schools in efficiency terms, based on the data for the same input
and output factors, by applying an input-oriented
Andersen-Petersen (AP) model, whereby three
variants of input 2 were taken into account (by
the surveyed teachers): AP 1, AP 2 and AP 3. One
deficiency of the basic DEA models lies in their
inability to make a distinction among efficient
units in terms of performance assessment. In these
models, the efficiency of all efficient units is 1, so
that they cannot be ranked according to the efficiency level. Therefore, the AP model was used
for school ranking.
Table 14 shows the cross-efficiency matrix of
the observed schools. It is presented with the same
aim as the AP model but, compared to this model, it
addresses the efficiency problem in a different way.
According to the AP model, the highest rank is
held by the unit that can proportionally reduce its
inputs more than any other unit and still remain
efficient, without changing its outputs. This is the
interpretation of an input-oriented model. However, the cross-efficiency matrix shows how the units
were assessed using the optimal weights of the remaining units or, in other words, how their efficiency index values are sensitive to their change.

Table 14. Cross-efficiency matrix of the schools involving three inputs and three outputs.
School

S1

S2

S3

S4

S5

S6

S7

S8

S9

S 10

S 11

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
Average
Rank

1
0.924
0.697
0.887
0.872
0.665
0.875
0.859
0.375
0.194
0.888
0.749
9

0.823
1
0.821
0.994
0.794
0.767
0.787
0.835
0.450
0.271
0.787
0.757
7

0.591
0.902
1
0.998
0.902
1
0.857
1
1
1
0.830
0.916
2

0.589
0.845
0.635
0.962
0.722
0.578
0.699
0.757
0.367
0.302
0.675
0.648
10

0.721
0.761
0.725
0.987
1
0.711
0.966
0.934
0.630
0.582
0.938
0.814
6

0.481
0.781
0.972
0.763
0.558
1
0.529
0.717
1
0.683
0.535
0.729
8

1
1
0.829
1
1
0.795
1
1
0.531
0.337
1
0.863
4

0.637
1
1
1
0.872
0.968
0.848
1
0.807
0.744
0.817
0.881
3

0.668
0.620
0.728
0.790
1
0.761
1
0.876
1
0.994
1
0.858
5

0.140
0.595
0.658
0.672
0.417
0.643
0.308
0.613
0.641
1
0.272
0.542
11

1
0.859
0.958
1
0.991
1
0.974
0.970
0.968
0.545
1
0.933
1

Source [11]
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The cross-efficiency matrix, presented in Table
14, shows that the first group of efficient schools
includes schools 11, 3, 8 and 7, the second group –
schools 9, 5, 2 and 6, and the third group – schools
1, 4 and 10.
4. Conclusion
Nonprofit organizations differ among themselves according to their structure and purpose,
which aggravates their formulation and more comprehensive definition. In the broadest sense, nonprofit organizations can be viewed as collective
forms of individual action, or the means by which
people pursue their aims that may not always be
profitable. They can be informal, non-structured
groups or associations, or formal, structured organizations, like schools, with explicit management,
appropriate name and clear membership conditions. Like a for-profit organization, a nonprofit
organization also aims at gaining the greatest possible benefits for its members with the same funds
and resources, or the same or higher-quality benefits with the lower amount of financing.
The application of data envelopment analysis
was motivated by the need to assess the efficiency
of nonprofit organizations such as schools. In this
connection, it was necessary to express input and
output data in mutually comparable value scales
(scaling problem) and then to determine the relative
significance of inputs/outputs (weighting problem).
Efficiency was calculated as the quotient of outputs
and inputs, whose value could range from 0 to 1.
If a school was efficient, its efficiency index was
equal to 1; in the opposite, its efficiency index was
lower than 1. The DEA method identified the sample units (schools) for inefficient units (schools),
which would be efficient with the inputs/outputs of
the school in question. The observed schools were
ranked according to the Andersen-Petersen model
and cross-efficiency matrix.
The future studies should be geared to the further implementation of different DEA modalities.
The survey, which was conducted with a view to
assessing the relative efficiency of 11 government
secondary schools of mechanical engineering in
Belgrade, achieved limited results for objective
reasons. There is no doubt that the underlying
588

reason was the incompleteness of the data on student input quality. Had it been possible to provide
data from more faculties, the weights of the results would have been greater. In this context, one
should probably suggest to the Ministry of Education that more complete data on the further education of students would be extremely important for
future research. In that case, school facility assessment should be defined more precisely, thus contributing to the recognition of major deficiencies
in the observed units (schools). Such steps would
enable us to define the measures that would make
these schools more effective and more efficient.
Finally, it must be noted that we could not compare government and private secondary schools
of mechanical engineering, because the number
of private schools is still not sufficient to make a
valid comparison.
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CRM concept role in
competitiveness capability
of western Balkan countries
Uloga CRM koncepta u konkurentskoj
sposobnosti zemalja zapadnog Balkana
Dejan Stojkovic
Railways of Republic of Srpska S.C. Doboj, Bosnia and Herzegovina

Abstract
The main objective of modern business is
achieving business excelence and reaching world
class of product and services. The companies which
actively and constantly apply modern methods and
techniques of management have significaly better
chances to improve their competitive capacity on
the global market and to take stable market position
with a perspective for further market growth. In
order to make Western Balkan countries competitive internationally, it is necessary to change their
way of thinking and, in some time, to adopt modern
world achievements in the sphere of organisational
management. One of the ways to significantly influence on improvement of competitiveness ability
is the development of CRM concept (Customer Relationship Management).
Key words: customer relationship management,
competitiveness, quality, business excellence.
Sažetak
Fundamentalni cilj modernog poslovanja je
postizanje poslovne izvrsnosti i dostizanje svjetske klase proizvoda i usluga. Preduzeća koja aktivno i kontinualno primjenjuju savremene metode
i tehnike menadžmenta imaju znatno bolju šansu da
ojačaju svoju konkurentsku sposobnost na globalnom tržištu i da zauzmu stabilnu tržišnu poziciju sa
590

perspektivom za dalji tržišni rast. Da bi preduzeća
zemalja Zapadnog Balkana postala konkurentna u
međunarodnim okvirima, neophodna je izmjena
načina razmišljanja i usvajanje savremenih svjetskih
dostignuća u oblasti upravljanja kompanijom. Jedan
od načina kojima se može značajno uticati na podizanje konkurentske sposobnosti jeste razvoj koncepta CRM (Customer Relationship Management)
ili upravljanja odnosima s korisnicima.
Ključne riječi: upravljanje odnosima s korisnicima, konkurentnost, kvalitet, poslovna izvrsnost.
1. Introduction
Competitiveness capability is hard to gain in
modern business environment but easy to lose. Fast
technological advance created such conditions in
which anyone in the world has the access to technology, under acceptable conditions. On the other
hand, consequences of world economical crisis
clearly showed the fact that it was necessary to develop new models of business operation in order to
establish competitiveness in the global market.
Modern business operations imply restructuring
of business functions. From the traditional understanding, determined by the linear way of thinking
where all business functions had comparable significance, the companies have to turn to proactive
way of thinking, which imply understanding and
creation of changes as well as giving importance to
2010
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those business functions that allow the company to
create, maintain and improve competitive position
at the global market. The functions that have strategic importance for operations of the company are:
research and development, quality and marketing.
Global competitiveness becomes increasingly
intensive, more offensive and visible. Considering complexity and intensiveness of competitive
relations in the global economy, it is much harder
to achieve market success in the beginning of 21st
century. The reasons for that are contained in the
following facts:
1. The power was transferred from producers
to distributors;
2. Multinational companies become even more
powerful;
3. New products have constantly shortening
lifespan;
4. Consumer goods do not last that long as
they used to;
5. Digital technology allowed the development
of many new products;
6. Number of registered trademarks and
patents is increasing;
7. Number of available products is increasing;
8. Markets are hyper-fragmented;
9. Advertising space is more and more
saturated;
10. Customers started to be picky.1
Four factors shape modern business operations.
Kenichi Omae calls these factors as 4C: communications, capital, corporations, consumers.2
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.
The economy of Western Balkan countries for
the number of years has problems with productivity, business quality and gaining competitiveness
ability.
On the last decade all modern organisations take
care about every of individual customers. Business
practice proved that the customers are the biggest
1 Kotler. F./de Bes., F.,T. (2005): Lateralni marketing,

Adizes, Novi Sad., p. 16.

2 Kenichi, O. (2007): Nova globalna pozornica, Mate,

Zagreb., p. 20.
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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.3
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.4
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 organisation and its services and products, based on
recommendations, profitability, etc.5
There are many definitions of quality in the
literature. The short accepted definition says: the
quality equals customers’ satisfaction.6
3 Stojkovic, D. (2008): Customer Relationship Mana-

gement (CRM) – poslovna strategija, komponente,
potrebe i proces, in: Technique, No. 4, AETI of
Serbia, Belgrade, ISSN 0040-2176, p. 19-26.
4 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 Manage-ment & Excellence”
no.1-2, vol. 36, YU ISSN 1452-0680, p. 121-122.
5 Djordjevic, D./Vasiljevic, M. (2009): Upravljanje
kvalitetom u saobraćaju, Traffic faculty Doboj,
Doboj, p.116.
6 Juran, J./Gryna, F. (1999): Planiranje i analiza
kvalitete: Od razvoja proizvoda do upotrebe, Mate,
Zagreb., p. 3.
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The objective of an organisation should be
achieving and understanding the optimum level
of customer’s satisfaction. Application of customer relationship management for companies from
Western Balkan countries creates preconditions
for realisation that goal, gaining competitiveness
ability as well as improving business quality.
2. Competitiveness (in)capability of
the companies from Western Balkan
countries
The economy of Western Balkan countries for
the number of years had problems with productivity. That was the consequence of inadequate ways
of business operations, which was not established
on the market principles. The results were unrealistically high prices of certain products that could not
be successfully sold in the world market. Therefore,
in order to be able to be competitive at the world
business scene, companies from these countries had
to lower the prices for export and local consumers
through high prices of the same products compensated the difference arisen from bad productivity.
The market was protected through unrealistically
high customs fees and other import limitations.
When the transition process started, transformation happened in the business sphere as well. Processes of privatisation, liberalisation, restructuring,
institutionalisation and stabilisation have started.
The most important results of commenced transition process in the sphere of economy are establishing of market mechanism and change in property
relations in the economy (from mostly state owned
to mostly privately owned).
Competitive position of companies from Western Balkans, except Slovenia, based on reputation
in the world market is extremely unfavourable
because most of them did not undertake adequate
business efforts in that direction. According to the
global index of competitiveness of the World Economic Forum,7 Serbia was on 93rd place by the end
of 2009 out of total 133 countries ranked in that index. Serbia dropped 8 places in one year. Slovenia,
Montenegro, Croatia, Macedonia, Hungary, Roma7 Anon. (2009): Privrednici – država glavna kočnica,

Novac, Ringier, Belgrade, p. 4-5.
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nia and Bulgaria are ahead of Serbia, even including countries like Panama and Kazakhstan. Only
Bosnia and Herzegovina is below Serbia, from the
regional countries, on 109th place (Table 1).
Obsolete technology, insignificant application
of information technologies, bad quality, unattractive packaging and high prices are main reasons why the products from mentioned countries
are not competitive. The least competitive is processing industry, metal production and electronics,
where no technological renewal occurred for many
years. Businessmen consider that in order to increase competitiveness, it is necessary to introduce
customs and tax subsides, decrease state excises as
well as prices of electricity, gas and fuel. It is necessary to increase the level of technical equipment.
The average age of machines in Serbia is 30 years.
Compared to the rest of the region, that is 12 years
behind. The economy of Serbia is technologically
behind EU for 29.5 years. This was determined on
showcase sample of 154 small, medium and big
companies in 6 industrial branches with similar
production programmes.8 Comparison was made in
textile, foodstuffs, pharmaceutical, machinery and
chemical industries, as well as the industry of construction material. Austria was taken as criterion
because it has similar natural, social and population characteristics compared to Serbia. Companies
from textile branch are the most behind (35 years),
then the companies from machinery industry (34.5
years). The least behind are pharmaceutical companies – 21 years.
Table 1. Ranking of countries of Western Balkans according to competitiveness in 2009.9
Country
Slovenia
Montenegro
Croatia
Macedonia
Serbia
Bosnia and Herzegovina

Place
37
62
72
84
93
109

According to World Bank data, market of
Western Balkans countries, except Macedonia
Anon. (2009): Srbija prema EU tehnološki zaostaje
tri decenije, Blic, Ringier, Belgrade, p.11.
9 Anon. (2009): Privrednici – država glavna kočnica,
Novac, Ringier, Belgrade, p. 4-5.
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Table 2. Ranking of Western Balkan countries according to the World Bank report for 2009
Country

Bosnia and
Herzegovina

Croatia

Macedonia

Montenegro

Total index
Commencing of business
Construction permit
Employment
Registration of property
Getting loans
Protection of investors
Payment of taxes
Cross-border trade
Implementation of contracts
Closing of jobs

116
160
136
111
139
61
93
128
63
124
63

103
101
144
163
109
61
132
39
96
45
82

32
6
137
58
63
43
20
26
62
64
115

71
85
160
46
130
43
27
145
47
138
44

and Slovenia, received bad marks. Namely, World
Bank, 7th time in a row, published the report titled
Doing Business, whose goal is to rank the countries based on the quality of business environment.
Unlike similar reports that rank regulations, Doing
Business ranks business practice (Table 2).10
3. CRM concept, business excellence and
competitiveness
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.
Fundamental concepts of business excellence
are:11
–– Results orientation.
–– Customer focus.
–– Leadership and stability of purpose.
–– Management by processes and facts.
–– People development and involvement.
10		 Paunovic, M. (2009): Poslovanje u Srbiji, Fokus –

quarterly report on institutional reforms, Centre for
Liberal-Democratic studies, Belgrade, p. 8-12.
11 EFQM (ed.) (2002): EFQM - The Fundamental
Concepts of Excellence, Brussels, http://
excellenceone.efqm.org
2010

Serbia Slovenia
88
73
174
94
105
4
73
137
69
97
102

53
26
59
162
108
87
20
84
84
60
40

–– Continuous learning, innovation
improvement.
–– Partnership development.
–– Corporate social responsibility.

and

Criteria of business excellence are the base
for self-evaluation, with the intention to estimate
“grown-up 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:
–– Leadership.
–– Policy and strategy.
–– People.
–– Partnership and resources.
–– Processes.
–– Customer results.
–– People results.
–– Society results.
–– Key performance results.
Customers’ satisfaction is one of key factors for
achieving competitiveness advantage of an organisation in the modern business operations. Achieving of customers’ satisfaction is closely connected
with achieving of goals of quality management,
especially in achieving business excellence.
There are at least two concepts that essentially
“rotate” around a customer and its demands and
wishes; concepts of business excellence and customer relationship management.
European Foundation for Quality management
– EFQM determines total quality management as
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the method of management in the company, for
achieving business excellence, based on focus on
customer, partnership with suppliers, development
and involvement of employees.12
The final goal of total quality management
(TQM) is achievement of business excellence and
catching up with world-class level of products and
services, which in the environment of business
globalisation creates preconditions for long-term
growth and development of the organisation on
the base of satisfying all social segments.
Force driving the adoption of CRM has been
the total quality movement.13 When companies
embraced the Total Quality Management (TQM)
philosophy to improve quality and reduce costs, it
became necessary to involve suppliers and customers in implementing the program at all levels of
the value chain. This created the need for closer
working relationships with customers, suppliers,
and other members of the marketing infrastructure. Thus, several companies, such as Motorola,
IBM, General Motors, Xerox, Ford, and Toyota,
formed partnering relationships with suppliers and
customers to practice TQM. It can be established
that the roots of CRM concept are located exactly
inside the concept of total quality management.
It is necessary to understand that without providing quality product and service based on TQM
concept, which is basic precondition for successful business operations, the success of CRM strategy is absurd. No technology nor strategy can not
successfully sell bad quality product.. It is therefore necessary to constantly follow and improve
the quality of products and services in order to satisfy customers’ needs.
Total quality management represents main
standpoint of the CRM. Essentially, CRM concepts and TQM have identical target and that is
customers’ satisfaction and competitiveness ability of the company.
–– Market dimension of quality consists of:
–– customers’ satisfaction,
12 Heleta, M. (1998): TQM – Model za poslovnu

izvrsnost, Educta, Belgrade., p. 4.

13 Parvatiyar, A./Sheth, J.,N. (2001): Customer

Relationship Management: Emerging Practice,
Process, and Discipline, Journal of Economic and
Social Research, 3(2), p. 1-34.
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–– convenient usage,
–– market positioning,
–– competitive advantage.
CRM concept has great importance for improvement of all dimensions of quality, especially
its market dimension.
Competitive advantage must be found in the
adequate application of CRM concept. Customers’
satisfaction may be improved in that way as high
as possible and then use it as the mean to achieve
and maintain the advantage over market competitors. Only satisfied customer represents the person
that allows business organisation to seize stable
market position. Namely, lower costs and better
productivity achieved through the application of
CRM concept, influence to have more flexible
prices policy – sale of products of standard quality
for the lower price than the competition. Optimisation of the price – quality relation affects seizing
of stable market position, achievement of development goals – secure jobs and create new jobs.
The results of the research performed in 150
banking companies in the USA that adopted CRM,
pointed out to significant importance of CRM on
productivity.14
According to the research of the Insight Technology Group,15 successful application of CRM
achieves increase of productivity of employees for
20 percent.
4. Important aspects of CRM concept for
competitiveness capability of a company
Modern companies have realized that it is no
longer simply enough to offer excellent products:
ease of duplication and market saturation can quickly dispel initial indications of a winning formula. Today’s key differentiator is exceptional servi14		Dong, D./Zhu, K., The Business Value of CRM

Systems: Productivity, Profitability, and Time Lag,
University of California, Irvine & University of
California, San Diego, http://digital.mit.edu
15		 Anon. (2000): CRM – Winning and keeping customers in the new economy, Management Today,
Special Edition produced for Microsoft, Siebel
Systems and Anderson Consulting.
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ce provided on a consistent and distinctive basis.
Service is more difficult to imitate than a product
because service requires customer input and involvement. Competitive advantage can therefore
be gained by leveraging knowledge of customers’
expectations, preferences and behaviour. This involves creating an ongoing dialogue with customers and exploiting the information and insights
obtained at every customer touch point. CRM is
aimed at increasing the acquisition and retention
of profitable customers by, respectively, initiating
and improving relationships with them.
Managing of customers’ relationships cannot
be limited on one-time project that gets forgotten
soon after the realisation. Exactly the opposite,
success in this area can be guaranteed only through
comprehensive strategy. Since every strategy has
the aim to insure certain advantages to the companies, which will have decisive influence to the
final result of market game, the same also applies
to the customer relationship management.
Advantages that may be gained through the acceptance and application of this strategy arise from
the fact that the activities envisaged in it cover all
three dimensions of the time:16
–– Past – company gains the capability to learn
from previous events, which allows it to
avoid repetition of past mistakes.
–– Present – companies have the possibility to
analyse current events very fast and to adapt
their behaviour through manoeuvring u in
real-time.
–– Future – the company gains knowledge
and ability to anticipate future events,
which opens the space for more quality
preparations for upcoming opportunities.
So, key strategic advantages over the competition that customer relationship management can
bring to companies, include:
–– Learning – current business reality does
not forgive to those who are not ready
for constant learning and adaptation of
the behaviour using the things learned.
At the same time the most important part
16 Swift, R., S. (2000): Accelerating Customer Relation-

of learning is the learning from mistakes,
which may occur but must not be repeated.
–– Manoeuvring – relates to the ability to find
the best possible way according to given
circumstances. Success in manoeuvring is
first of all determined by the ability to avoid
traps that are daily present in the market.
–– Anticipation – detailed insight into events
that should take place in the future is the
necessary precondition for success. The
companies whose managers are able to
recognise something other managers are
not able to, are in great advantage over the
competition.
–– Foreknowledge – it is developed competitive
intelligence that allows creation of
awareness about expectations of customers
and plans of competition in the near and far
future.
In other words, by allowing employees the access to huge amount of information about customers, products and sales partners, in accordance
with CRM concept, the company trains them to
learn from the past and successfully adapt to current situation, and position toward the future.
Companies that understand CRM concept in
that way, such strategy will ensure success in their
efforts to improve the relations with customers,
suppliers and other business partners, and even
with the competition.
Availability of updated information at right
place and time will bring many positive effects
in business operations. Employees will be able
to build their knowledge, share it, communicate
and influence each others several times per day,
to solve problems, to make business decisions and
control their part of business process.
More intensive impact of CRM strategy is possible to expect with the increased volume of data
that are at disposal to customers, and also through
the increased number of employees who have access to the data.
Companies that manage to engage maximal
number of their employees into CRM activities,
posses very powerful weapon that brings advantage in market battles against competition.

ships: Using CRM and Relationship Technologies,
Prentice Hall PTR, New York., p. 325.
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5. Conclusions
It is important for the countries of Western
Balkans to accept that the current key difference
of modern companies is their exceptional service
offered to customers on permanent and characteristic base. It is more difficult to imitate the service than the product because the service requires
application of CRM concept in order to include
customers and information that come from them.
Acceptance and application of customer relationship management allows companies of Western
Balkans to achieve optimal level of customers’ satisfaction and gaining competitiveness ability as well
as improvement of quality of business operation.
The advantages that customer relationship
management may provide arise from the fact that
its envisioned activities cover all three dimensions
of the time: the past, the present and the future.
The key strategic advantages over the competition that companies may gain through the customer relationship management involve: learning,
manoeuvring, anticipation and foreknowledge.
The key for the success of companies from Western Balkans is in the improvement of business quality, based on increase of productivity. Improvement
of business quality through the application of CRM
strategy decreases the costs of business operations
of a company, which influences to improvement of
productivity and that, in the end, causes improvement of price competitiveness at the market, and
competitiveness ability in general.
The biggest possible number of employees
should be involved into the application of CRM
strategy. They should be adequately educated and
trained for its realisation.
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Adoption of the law on
integrated circuit topography
Donošenje zakona o topografiji integrisanog kola
Ismet Alija
School of Law University in Travnik, Bosnia and Herzegovina

Abstract
Integrated circuit topography has to be protected because development of new integrated circuits, and particularly the reduction in their size,
requires significant investments, whereas it is very
easy and inexpensive to copy the topography once
it has been developed. A well designed and produced chip is subject to copying by competition,
what is the main reason for emergence of the right
to protect the topography of integrated circuits.
Protected topography ensures, for a limited time
period, exclusive right of its owner to prohibit or
allow copying the topography, as well as the importing, selling or engaging in other transactions
with topography or the integrated circuit produced
on the basis of its use and also the product into
which the integrated circuit containing the protected topography has been incorporated. The law
on integrated circuit topography, once adopted,
would provide for new legislation of topography
right the concept of which would guarantee maximum quality, contemporariness of the solution and
compatibility with requirements of the BosnianHerzegovinian economic system and with proven
systems in the world.
Key words: integrated circuit topography, chip,
copying, protection, intellectual property, market.
Sažetak
Topografija integrisanog kola štiti se zbog toga
što razvoj novih integrisanih kola, naročito smanjenje njihovih dimenzija, zahtijeva znatna ulaganja,
a kopiranje jednom razvijene topografije je vrlo
2010

jednostavno i jeftino. Dobro isprojektiran i proizveden čip je podložan kopiranju od konkurencije,
što je i glavni razlog za nastanak prava zaštite topografija integrisanih kola. Zaštićena topografija
osigurava, u ograničenom vremenskom periodu,
njenom vlasniku isključivo pravo da zabrani ili
odobri umnožavanje topografije, te uvoz, prodaju
i drugo stavljanje u promet topografije ili integrisanog kola proizvedenog njenom upotrebom, kao i
proizvoda u koji je ugrađeno integrisano kolo koje
sadrži zaštićenu topografiju. Donošenjem zakona
o topografiji integrisanog kola stvorila bi se nova
zakonska regulativa topografijskoga prava koncipirana tako da jamči maksimum kvaliteta, savremenosti rješenja, te kompatibilnosti sa zahtjevima
bosanskohercegovačkog privrednog sistema i sa
dokazanim sistemima u svijetu.
Ključne riječi: topografija integrisanog kola,
čip, kopiranje, zaštita, zakon, intelektualno vlasništvo, tržište.
Introduction
Technological development in the area of electronics has changed our lives, our habits and customs. Integrated electronic circuits have entered
our everyday use and become our constant companions. Modern living means use of computers, digital telephones, satellite television, video
communication systems, burglar or fire protection
systems, etc. Integrated circuits perform almost
all electronic functions and are therefore used, for
example, in data processing, telecommunication
systems and devices, industrial control of processes with signal processing devices, for image
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or sound processing, etc. Similarly as the appearance of transistors has caused a genuine revolution
in construction of electronic devices at its time,
the integrated circuits have amplified the possibilities offered by transistors multiple times. We may
conclude that saving in terms of space is not the
only advantage of integrated circuits compared to
classic electronic circuits, because their price also
went down accordingly. In addition, integrated
circuits require less energy to run, so the power
sources have become simpler and smaller. Since
the intensity of losses is smaller, the unwanted
heating is lesser, enabling turn the construction of
even more compact devices. Since the number of
connected (soldered) elements is smaller, the connections with integrated circuits operate more reliably than in the classic electronic circuits. Maintenance of devices with integrated circuits is easier
and cheaper.
1. Explanation of the notion of “integrated
circuit topography”
The notion “legal protection of integrated circuit topography” means a set of legislative norms
providing protection to creators of integrated circuit topography, while the subjective right that
occurs on the basis of such norms may be called
the “right to integrated circuit topography”. Right
to integrated circuit topography is exclusively a
property right acquired in an administrative procedure and of limited duration. Therefore, the
subject matter of protection is not the integrated circuit as a product, but the topography of
the integrated circuit as intangible goods. The
protection covers neither the technology for production of integrated circuit, nor the information
stored in the integrated circuit, nor the function of
the integrated circuit, nor the system or concept or
the idea on which the topography resides, nor even
the discoveries thanks to which a specific topography could be created.
In other words, integrated circuit topography is
a three-dimensional positioning of passive and active elements and their interconnections, prepared
for production of that particular integrated circuit
in or on a peace of semi-conducting material.
Topography is therefore a term that defines a
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position in space (layout) of various elements
of an integrated circuit in a chip. This layout
design, or topography, of an integrated circuit defines the three-dimensional disposition, no matter
how presented, of elements of which at least one
is active, and some or all mutual connections with
integrated circuits, or such three-dimensional disposition that is prepared for production of an integrated circuit. Such three-dimensional disposition
or design on the basis of which it is possible to
produce the circuit intended to perform a specific
electronic function may be protected as intellectual property. The topography is an intangible good,
or more precisely, an intellectual creation that may
be transferred to a chip or semi-conducting product. Basic condition for protection of topography
is its originality (that it is a result of its creator’s
own intellectual efforts), and that it is not common
in the semi-conductor industry.
2. Reasons for adopting a law on integrated
circuit topography protection
Protection of integrated circuit topography is
not legislated in BiH at present time. Having in
mind the obligation to adopt a law that would regulate protection of integrated circuit topography,
adoption of such a law is considered necessary.
Adoption of the law would provide the preconditions for:
–– establishing a comprehensive and unified
Bosnian-Herzegovinian (BiH) system of
industrial property rights,
–– meeting obligations of BiH in terms of
certain international treaties or agreements,
for example the WTO/TRIPS (TradeRelated Aspects of Intellectual Property
Rights), what would lead BiH towards its
strategic goal of accessing the WTO and
joining the European integration processes,
–– giving contribution to creating preconditions
for adjusting the BiH economy to modern
economies, particularly the European
Union’s.
Furthermore, protection of the integrated circuit
topography would provide additional guarantees
of entrepreneurial and market freedom as a basis
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of economic organization of BiH. The Law would
define the area of protection of integrated circuit
topography on the principles used in the European
Union member countries. This would provide for
a faster and easier investment of foreign capital
in BiH as the Law would secure the same level
of protection as in the European Union. As a result, there would be an improved legal security for
potential holders of the right to integrated circuit
topographies in BiH.
The Law should be in accordance with provisions of the Trade-Related Aspects of Intellectual
Property Rights Agreement, as well as with the
provisions of the International Agreement on intellectual property related to integrated circuit topography.
Accession to the World Trade Organization
(WTO) is one of priorities of BiH in its efforts
to reconstruct its legal and economical systems
and create a compatible institutional framework
for the purpose of establishing trade relations with
WTO member countries. All member countries
are obliged to meet conditions provided in the
World trade Organization (WTO) establishment
agreement and legal instruments supported by
that agreement and included in the annexes I, II
and III (Multilateral Trade Agreements). Annex
IC, which is the Trade-Related Aspects of Intellectual Property Rights Agreement (hereinafter:
TRIPS) stipulates the obligations of the member
countries regarding provision of effective and appropriate protection of intellectual property rights.
Article 35 of the TRIPS provides that “member
countries agree to provide protection to the layoutdesigns (topographies) of integrated circuits (referred to in this Agreement as “layout-designs”) in
accordance with Articles 2 through 7 (other than
paragraph 3 of Article 6), Article 12 and paragraph 3 of Article 16 of the Treaty on Intellectual
Property in Respect of Integrated Circuits and,
in addition, to comply with the following provisions” in the Agreement.
Adoption of this law would make it possible
for all interested parties to exercise their rights
and interests on the territory of BiH in the area of
protection of integrated circuits topography within
the intellectual property system, this being one of
conditions for BiH acceding to the World Trade
Organization (WTO).
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On the basis of proposal made by the European
Commission SEC (2005) 1422 and Decision of
the EU Council 2006/55/EC of January 30, 2006,
a Program of Implementation of short and mid
term priorities from the document titled “European Partnership with BiH” has been prepared and
adopted, together with the time schedule and specific measures. According to the said document
and the document titled General Action Plan for
Implementation of Mid Term Development Strategy for BiH (PRSP) 2004-2007, one of priorities in
the area of intellectual property has been included
under the heading of harmonization of the existing
and adoption of new legislation based on European Union legislation, under which a decision was
made to accede to the Treaty on Intellectual Property in Respect of Integrated Circuits, and also to
adopt a law on integrated circuit topography. The
law should provide protection of integrated circuit
topography particularly for the purpose of harmonizing the BiH legislation in the area of intellectual property rights with international standards,
and also to open the possibility of encouraging
and achieving broader commercial relationships
in the area of electronic industry, where the higher
level of protection of human creation is required.
The Treaty on Intellectual Property in Respect of Integrated Circuits, Washington 1989
defines the legal nature and subject matter of protection (layout design) of integrated circuit topography, relevant measures the members have to prescribe in their legislation in order to prevent actions
that are considered illegal, as well as the scope,
duration and legal form of the protection provided.
The Treaty on Intellectual Property in Respect of
Integrated Circuits was ratified in 2007. With respect to BiH, it entered force on March 8, 2007.
Adoption of this Law would bring the legal
system of BiH in the field of intellectual property
even closer to the European legal system for protection of intellectual property rights, what would
result with meeting the necessary conditions for
integration of BiH into a single system of intellectual property of European Union. Adoption of
the Law and protection of integrated circuit topographies in BiH would provide the required level
of compliance with the Directive of the European
Union Council number 1987/54/EEZ of December 16, 1986 on legal protection of topographies
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of semiconductor products. Under the process of
stabilization and association with the European
Union, as stipulated in Article 71 of the Stabilization and Association Agreement, BiH is required to
guarantee the level of intellectual property protection that is similar to that existing in the European
Union, and therefore harmonize the regulations in
the area of protection of topographies of semiconductor products, which is in the European Union
regulated by the following legal instruments:
–– Council’s Directive 87/54/EEC on legal
protection of topographies of semiconductor
products;
–– Directive 2004/48/EC of European Parliament and the Council on enforcement of the
intellectual property rights
3. Constitutional and legal basis for
adoption of the Law
3.1. Constitution of Bosnia and
Herzegovina
Constitutional grounds for adopting the Law
on Protection of Integrated Circuit Topography is
to be found under Article IV/4.a) of the Constitution of Bosnia and Herzegovina, according to
which the Parliamentary Assembly of Bosnia and
Herzegovina is responsible for adoption of laws
necessary for implementation of decisions of the
Presidency or for performing the functions of the
Assembly foreseen by the Constitution, as well as
under Article III/1.a) of the Constitution of Bosnia
and Herzegovina that provides that the institutions
of Bosnia and Herzegovina are responsible for
foreign policy.
3.2. Law on Foreign Trade Policy of BiH
(“Official Gazette BiH’’ No. 7/98 and
35/04)
Article 30, paragraph (2) of the Law specifies
that aspects of intellectual property rights concerning foreign trade are jurisdiction of BH institutions.
The term “foreign trade-related aspects of intellectual property right” means ensuring adequate standards and principles with regards to availability,
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scope and use of the intellectual property rights related to foreign trade, as well as ensuring effective
and appropriate means for implementation of the
intellectual property rights in accordance with the
obligations stemming from the trade agreements to
which Bosnia and Herzegovina is one of the parties.
3.3. Law on Establishing the Institute for
Intellectual Property of Bosnia and
Herzegovina (“Official Gazette BiH’’ no.
43/04)
Article 1 of the Law provides that the Institute
for Intellectual Property of BiH is established as
an independent government administrative agency, and that the Law would define its position, responsibilities and competences, as well as other
issues related to the organization, functioning and
operation of the Institute.
Article 7, paragraph (1) point aa) of the Law
provides that the Institute for Intellectual Property
of BiH is responsible for conducting the administrative procedure for protection of integrated circuit topography (Layout-Design).
Paragraph (1), point cc) of the same article of
the Law specifies that the tasks in the area of protection of intellectual property include preparation
of bilateral and multilateral agreements, conventions, arrangements, laws and other regulations in
the intellectual property area.
4. Legal sources
4.1. The integrated circuits topography is a
relatively new area of industrial property that has
been first protected under the Semiconductor
Chip Protection Act from 1984. Namely, due to
serious damages the electronic industry had suffered due to unauthorized copying, it became particularly interested in protection of topography of
semiconductor products (microchips or integrated
circuits). Because of this, the United States of
America adopted the above mentioned Semiconductor Chip Protection Act in 1984, thereby introducing the sui generis protection of topographies
(or protection of “mask-works”, as this is how this
intellectual property right is called in the USA).
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4.2. After the other countries had started providing legal protection to topographies, the EC
was also forced to provide this type of protection. So the EC Council, in its Directive number
1987/54 on Legal Protection of Topographies of
Semiconductor Products of December 16, 1986
(“Official Journal of EU” of January 27, 1987),
accepted this form of protection. Certainly, one
also has to mention the Directive number 2004/48/
EC of the European Parliament and the Council
on enforcement of the intellectual property rights
that also provides this sui generis protection of
topographies, under condition that such topographies are result of creative effort of their owner
and they are not commonplace in semiconductor
industry. The Directive recognizes the exclusive
right of commercial exploitation of the owner of
the topography, notwithstanding the right of private use for the purpose of analyzing or studying
the topography, creating new topography (reverse
engineering), or in the case of exhaustion of the
right or conscientious acquisition of such right.
The protection lasts ten years, and depending on
the country’s specific solution, runs from the first
fixing or coding, first commercial use, or moment
of filing for protection.
4.3. At the international level, the provisions
concerning protection of layout design of integrated circuits, as a modern and contemporary industrial property right, are contained in the TradeRelated Aspects of Intellectual Property Rights
(TRIPS) agreement, and the Treaty on Intellectual
Property in Respect of Integrated Circuits (The
Washington Treaty).
4.3.1. Treaty on Intellectual Property in Respect of Integrated Circuits, Washington D.C.,
1989, provides protection to original topographies. The Treaty specifies the legal nature and
subject matter of protection (layout design) of integrated circuit topography, appropriate measures
the member countries must particularly provide
under their legislation in order to prevent commission of acts that are considered illegal, as well as
the scope, duration and legal form of the protection. Topographies are considered original if they
were result of the creator’s personal intellectual
efforts and were not common among topography
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creators. If topography meets the conditions from
this Treaty, it would automatically acquire protection, and there would be no need to file any particular registration application or deposit the topography.
The protection lasts for ten years and runs from
the date of its first commercial use, if it had happened within five years from the moment of creation of the topography, or otherwise fifteen years
from the date when the topography had been created.
4.3.2. Importantly, the WTO membership is
conditioned by accession to the Trade-Related
Aspects of Intellectual Property Rights agreement. The purpose of the TRIPS is to provide
international protection to creations of human
mind including, among others, patents, industrial
designs, brands and trademarks, but also the integrated circuit topographies. The TRIPS prescribes
the unified minimum standards and periods during
which the protection of intellectual property has to
be guaranteed. The TRIPS requires the national
legislation to establish appropriate supervision of
enforcement of intellectual property protection
measures. It is important to mention that the
Agreement does not derogate any existing mutual obligations between the parties on the basis of the Paris, Bern or Roman Conventions,
or under the Treaty on Protection of Intellectual Property in respect of Integrated Circuits.
By the provisions of the TRIPS, the World
Trade Organization (WTO) obliges its member
countries to, inter alia, protect integrated circuit
topographies in the way as regulated in the Treaty
on Intellectual Property in Respect of Integrated
Circuits (Article 35, Article 36 and Article 37),
with certain amendments.
In those member countries that require registration as a condition for protection, the duration of
protection of topography shall not be shorter than
10 years, starting from the date of filing the registration application or from the date of first commercial use, regardless of where in the world it has
occurred. Notwithstanding the above, a member
country may specify that the protection would
cease 15 years after the topography had been created.
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4.4. Harmonization of the Bosnian-Herzegovinian intellectual property law, and therefore
the integrated circuit topography rights, with the
Stabilization and Association Agreement is one
of preconditions for BiH joining the European
Union. Considering that the process of integration into the European Union is a complex route
that assumes full harmonization of national legislation with the European laws, it would be necessary to conduct comprehensive preparation activities on commercial/trade and normative/legislative fields. Whole Article 71 of the Agreement is
devoted exclusively to the issues of “intellectual,
industrial and trade property rights”. Namely, the
comprehensive harmonization procedure will begin with the market competition, intellectual and
trade property, consumer protection and norms.
One should add to this the provisions of the Addendum VIII to the Agreement that accentuate the
importance attached to ensuring appropriate and
effective protection and enforcement of the rights
of intellectual, industrial and trade property. By
adopting joint declaration on Article 71 of the
Agreement the Parties have, for the purposes of the
Agreement, defined the area of intellectual, industrial and trade property, including in particular the
copyrights, especially the software copyrights and
similar rights, the rights in respect of data bases,
patents, industrial design, brands and trade marks,
integrated circuit topographies, geographical
marks, marks of origin, and protection from unfair
market competition from article 10.a) of the Paris
convention for industrial property protection and
protection of unpublished information on technological know-how. This speaks about the intellectual, industrial and trade property rights; although
we think that the term “intellectual property
rights” is used a lot because in its broader sense
it also covers the “rights of industrial and trade
property”. By undertaking this, BiH has accepted
to take necessary measures to guarantee the level
of protection similar to that existing in the Community, including effective means of enforcement
of such rights. There is also a precise deadline for
implementation of this, and that is not later than
five years from entry into force of this agreement.
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5. Issues that would be resolved with
adoption of the Law on Integrated
Circuit Topography Protection
The Law on Integrated Circuit Topography
Protection would define the following issues:
a. subject matter and conditions for protection
of integrated circuit topography;
b. protected entities
c. procedures for protection of integrated
circuit topography incorporating applicable
international norms;
d. providing conditions to domestic and foreign
topography registering entities to even right
to effective and inexpensive procedure;
e. increasing the level and performance of the
Institute for Intellectual Property of BiH,
and placing the Institute at the same level
with the recognized institutes for this field
in the world;
f. establishingasystemofprotectionofintegrated
circuit topography in BiH by specifying the
following important prerequisites: right to
protection, conditions and procedures for
achieving the protection, registry of protected
topographies, exhaustion of the rights, trade
rights, civil legal protection, and entry into
force and implementation of the law.
Conclusion
Adoption of a law on protection of integrated
circuit topography would provide for:
–– meeting all requirements stemming from
international treaties, agreements or
conventions obliging BiH,
–– meeting all requirements that as mandatory
stem from the Council Directive number
1987/54/EEC of December 16, 1986 with
respect of legal protection of topographies
of semiconductor products,
–– providing realistic conditions for adjustment
of BiH economy to other modern economies,
particularly the economy of the European
Union;
–– having in place conditions for manifold development of BiH as a prerequisite for its full
inclusion in the European Union’s system.
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Adoption of the law would result with full harmonization of Bosnian-Herzegovinian legislation
with respect to integrated circuit topography protection with the TRIPS, the acquis communaitaire
of the European Union, including the provisions
that would become applicable as of the moment of
BiH getting the full membership in the European
Union.
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Impact of the individual and
combined therapy using nonsteroidal anti-inflammatory
analgesics and corticosteroids on
the size of the post-surgery swelling
after surgical removal of the
impacted mandibular third molar
Utjecaj pojedinačne i kombinovane terapije sa
nesteroidnim antiinflamatornim analgeticima i
kortikosteroidima na veličinu postoperativnog
otoka nakon hirurškog odstranjenja
impaktiranih mandibularnih trećih molara
Edin Selimovic1, Lejla Ibrahimagic-Seper1, Hajrudin Skender2
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Abstract
This paper compares the effects of combined
therapy using non-steroidal anti-inflammatory
analgesics and corticosteroids, and the individual
therapy with same medicaments, used for postsurgery swelling after the surgical removal of
impacted mandibular third molar. Tukey test was
used for comparison between groups of patients.
Statistically significant difference was found between the patient group treated with individual
therapies and patient group treated with combined
therapy. Application of individual therapy using
only corticosteroids and only non-steroidal antiinflammatory analgesics compared to combined
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therapy with both medicaments was proven to
be less efficient in relation with observed postsurgery parameters after surgical removal of impacted mandibular third molar.
Key words: impacted tooth, swelling, analgesics, corticosteroids.
Sažetak
U ovom radu su poređeni efekti kombinovane
terapije nesteroidnim antiinflamatornim analgeticima i kortikosteroidima, u odnosu na pojedinačnu
terapijom sa istim lijekovima, na postoperativni
otok nakon oralno hirurškog tretmana odstranjen2010
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ja impaktiranih mandibularnih trećih molara. Za
poređenje grupa pacijenata korišten je Tukey test.
Utvrđena je statistički značajna razlika između grupa
pacijenata kojima je ordinirana pojedinačna terapije
i grupe pacijenata kojoj je ordinirana kombinovana
terapija. Aplikacija pojedinačne terapije sa samim
kortikosteroidom i sa samim nesteroidnim antiinflamatornim analgetikom u odnosu na kombinovanu
terapiju sa pomenutim lijekovima, se pokazala manje djelotvorna u odnosu na praćene postoperativne
parametre nakon oralno hirurškog odstranjenja impaktiranog mandibularnog trećeg molara.
Ključne riječi: impakcija, otok, analgetici,
kortikosteroidi
1. Introduction
Surgical removal of impacted third molars is
associated with potential complications [1]. The
same can be expected and predictable, such as
swelling, pain, trismus [2]. Even more serious and
permanent complications are possible, such as
paresthesia n. alveolaris inferior, n. lingualisa and
fractures of the mandible [3, 4, 5, 6, 7, 8, 9]. Increasing incidence of complications and severity
of complications are directly related to the depth
of impaction, and patient age [10, 11, 12]. Removal of impacted teeth in elderly patients is associated with increased incidence of post-surgery
complications, especially alveolar osteitis and anesthesia of lower alveolar nerve [13]. Removal of
complete bone impaction is the most widely associated with increased post-surgery pain and swelling, and with increasing incidence anesthesia of
lower alveolar nerve [14].
Some authors have published data on the “quality of life’’ after surgical removal of impacted third
molars [15, 16]. It is expected that surgical removal of impacted third molars often has a more pronounced negative impact on quality of life in the
first 4 to 7 days after surgery, but the quality of life
is improved after that period.
Post-surgery edema or swelling is expected
complication after surgical removal of impacted
third molar. Parenteral use of corticosteroids contributes significantly to reducing the appearance
of swelling. Application of ice cubes on patient’s
face may contribute to significant relief [17].
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The swelling usually reaches its maximum during second post-surgery day, and usually retreats
in fifth to seventh post-surgery day.
Post-surgery pain and swelling can be connected,
initiating that swelling causes the pain, but patients
with swelling do not always have the pain and vice
versa. Several studies indicate a link between the
swelling and the trismus [18]. However, one study
has shown that there is no such relationship [19].
Through pharmacological control of the inflammation process volume, the intensity of postsurgery swelling can be significantly reduced. The
obvious interactivity between the mechanism of
activities of non-steroidal anti-inflammatory analgesics and corticosteroids suggests that a common therapy may provide a significant weakening
of the expected post-surgery complications, such
as swelling, with the absence of adverse reactions,
compared to individual therapy.
The aim of the study was to compare the effects of combined therapy with non-steroidal
anti-inflammatory analgesics and corticosteroids,
as compared to individual therapy with the same
drugs, on the post-surgery swelling after oral surgical treatment, removal of impacted mandibular
third molars.
The research was performed at the Oral Surgery Section of the Dental Medicine Department
at the Community Health Center in Zenica.
2. Materials and methods
2.1. Subjects
The study included 60 patients with indication
for surgical removal of impacted mandibular third
molars with fully completed growth and development of roots, mesioangular position (Winter class
II). The same surgical approach (Sicher cut) was
applied with standard surgical instruments and
uniform vestibular corticotomy for each patient.
Patients were divided into 3 groups randomly.
Each group included twenty patients of both sexes, aged 18 to 45, without contraindications to
medications and anesthetics applied during this
study. Impacted mandibular third molars, or molars were diagnosed at each patient, after clinical
examination and radiographic analysis of the cor605
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responding images, one of which is required orthopantomogram.

Figure 1. Representation in relation to the sex of
the patient.
Representation was amounted to 68.33% for
female and 31.67% for males, out of the total
number of patients.

Criteria for exclusion of patients included: renal
or liver diseases, blood dyscrasias, gastric ulcers,
heart disease, and proven hyper sensible allergic
reaction to a research drug, pregnancy and lactation. All selected candidates were free of pain and
other inflammatory symptoms including swelling,
hyperemia and decreased mouth opening prior to
surgical treatment.
Our study did not include patients which were
not subjected to pre-surgery measurements or did
not accept the required measurements during the
planned inspections on the second and seventh
day after surgical treatment, then patients who
were taking analgesics or anti-inflammatory medications within 24 hours prior to surgical treatment,
and patients with noticeable pre-surgery swelling,
post-surgery bleeding and infection.
Patients who have changed the treatment plan
on their own, were also excluded from the study.
Impacted teeth were extracted under local anesthesia in a dose of 4 ccm 2% xylocaine with adrenaline (1: 80 000), with the prior consent of patients.
2.2. Procedure
Each patient was subjected to appropriate presurgery measurement, and the position, angulation
and depth of the impacted molars were described
precisely, based on analysis of orthopantomogram.
Precise description of wounds, state of suturing and
the healing process in the post-surgery period have
also been recorded. A special folder was dedicated
to each patient, where the radiographic images, subjective and objective research results were stored.
The cephalometry was used to determine the
distance between certain points, after appropriate
marking with pen, according to the measurement
protocol by Calvo et al. [24].
1. angle of mandible - lateral canthus
2. tragus - lateral corner of the mouth
3. tragus - gnation

Figure 2. Representation in relation to the impacted tooth.
Oral surgical treatment included 53.33% impacted mandibular third molars and 46.67% right
impacted mandibular third molars.
606

In order to calculate the size of the swelling, the
relative increase of the measured post-surgery size
of the swelling, compared to pre-surgery values of
the swelling, was calculated. The initial result of
measuring the distance between the same cephalometric points defined by study protocol, was dif2010
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ferent from patient to patient, and, due to independence of possible differences between patients and
groups of patients, included in this study, it was
necessary to calculate the relative increase. The
abovementioned value for a particular point is calculated as follows: the pre-surgery measurement
result is subtracted from the results of post-surgery
measurement, and the value obtained is then divided with pre-surgery measurement result for a
particular measurement point.
The study used two drugs, Meloxicam (Melox
Fortae) of 15 mg (non-steroidal anti-inflammatory
analgesic from the group of selective inhibitors
of cyclo-oxygenase-2) and Methylprednisolone
(Medrol) of 32 mg (glucocorticoid with synthetic
origin). Both drugs were applied per os, according
to the application scheme.
The first group of subjects was applied with individual Meloxicam therapy in a dose of 15 mg,
one hour before surgery and the next two days in a
dose of 15 mg per day.
The second group of subjects was applied with
individual Methylprednisolone therapy in a dose
of 32 mg, one hour before surgery and twelve
hours after surgery, in a dose of 32 mg.
Third group of subjects was applied with the
combined therapy of abovementioned drugs.
Meloxicam was applied one hour before surgical
intervention in a dose of 15 mg and the next two

days in a dose of 15 mg per day. Methylprednisolone was applied one hour before surgical intervention in a dose of 32 mg and twelve hours after
surgery in a dose of 32 mg.
2.3. Results
Tukey test was used to compare groups of patients with regard to the second and seventh postsurgery day.
Table 1, which was made on the basis of Tukey
testing, the results of the groups of examinee were
compared and testing of statistical significance
was performed, based on the second and seventh
day, for the swelling parameter: mandible angle lateral canthus (UM_LUO). By analyzing the results of Table 1 we conclude that:
–– There is a statistically significant difference
(p < 0.05) between groups with individual
Medrol therapy and individual Melox Fortae
therapy for second and seventh post-surgery
day in favor of the treatment with Medrol.
–– There is a statistically significant difference
(p < 0.05) between groups with individual
Melox Forte therapy and combined therapy
with Medrola and Melox Forte, for the
second and seventh post-surgery day, in
favor of the combined therapy.

Table 1. Tukey test group comparison due to the parameter: mandible - lateral corner of the eye for
the second and seventh post-surgery day
Swelling
parameters

UM_LUO_2

(I) Therapy

(J) Therapy

Methylprednisolone

Meloxicam
combined
Methylprednisolone
combined
Methylprednisolone
Meloxicam
Meloxicam
combined
Methylprednisolone
combined
Methylprednisolone
Meloxicam

Meloxicam
combined
Methylprednisolone

UM_LUO_7

Meloxicam
combined

Average
Std. Error
difference
-.11141*
.01288
.11141*
.12429*
-.01288
-.12429*
-.05977*
.00421
.05977*
.06397*
-.00421
-.06397*

* The value of difference with significance level 0,05
UM_LUO_2 = mandible angle - lateral angle of the eye, second post-surgery day
UM_LUO_7 = mandible angle - lateral angle of the eye, seventh post-surgery day
2010

.00828
.00828
.00828
.00828
.00828
.00828
.00505
.00505
.00505
.00505
.00505
.00505

95% confidence
interval
-.13133
-.00704
.09149
.10437
-.03280
-.14421
-.07191
-.00794
.04762
.05182
-.01635
-.07612

-.09149
.03280
.13133
.14421
.00704
-.10437
-.04762
.01635
.07191
.07612
.00794
-.05183
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–– There is a statistically significant difference
(p < 0.05) between groups with individual
Melox Forte therapy and the combined
therapy with Medrola and Melox forte, for
the second and seventh post-surgery day, in
favor of the combined therapy.
–– There is no statistically significant difference
(p > 0.05) between groups with individual
Medrol therapy and the combined therapy
with Medrol and Melox Forte, for the second
and seventh post-surgery day, in favor of the
combined therapy.
Table 2, which was made on the basis of Tukey
test, gives the comparison between the results of
the examinee groups and testing of statistical significance, for the second and seventh day, for the
swelling parameter tragus - lateral corner of the
mouth (T_LUU).
Analyzing the results presented in Table 2, we
can conclude:
–– There is a statistically significant difference (p
< 0.05) between groups with individual Medrol
therapy and individual Melox Forte therapy,
for the second and seventh post-surgery day,
in favor of the treatment with Medrol.
–– There is a statistically significant difference
(p < 0.05) between groups with individual
Melox Forte therapy and the combined

therapy with Medrol and Melox Forte, for
the second and seventh post-surgery day, in
favor of the combined therapy.
–– There is no statistically significant difference
(p > 0.05) between groups with individual
Medrol therapy and the combined therapy
with Medrol and Melox Forte, for the second
and seventh post-surgery day, in favor of the
combined therapy.
Table 3, which was made on the basis of Tukey
test, gives the comparison between the results of
the examinee groups and testing of statistical significance, for the second and seventh day, for the
swelling parameter tragus - gnation (T_G).
Analyzing the results presented in Table 3, we
can conclude:
–– There is a statistically significant difference
(p < 0.05) between groups with individual
Medrol therapy and individual Melox Forte
therapy, for the second and seventh postsurgery day, in favor of the treatment with
Medrol.
–– There is a statistically significant difference
(p < 0.05) between groups with individual
Melox Forte therapy and the combined
therapy with Medrol and Melox Forte, for
the second and seventh post-surgery day, in
favor of the combined therapy.

Table 2. Group comparison by Tukey test with respect to the parameter tragus - lateral corner of the
mouth, for the second and seventh post-surgery day
Swelling
parameters

T_LUU_2

(I) Therapy

(J) Therapy

Methylprednisolone

Meloxicam
combined
Methylprednisolone
combined
Methylprednisolone
Meloxicam
Meloxicam
combined
Methylprednisolone
combined
Methylprednisolone
Meloxicam

Meloxicam
combined
Methylprednisolone

T_LUU_7

Meloxicam
combined

* The value of difference with significance level 0,05
T_LUU_2 = tragus lateral angle of the mouth, second post-surgery day
T_LUU_7 = tragus lateral angle of the mouth, seventh post-surgery day
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Average
difference
-.059470*
.009945*
.059470*
.069415*
-.009945*
-.069415*
-.041050*
.002350
.041050*
.043400*
-.002350
-.043400*

Std.
Error

95% confidence
interval

.00341
.00341
.00341
.00341
.00341
.00341
.00256
.00256
.00256
.00256
.00256
.00256

-.06767
.00175
.05127
.06122
-.01815
-.07762
-.04721
-.00381
.03489
.03724
-.00851
-.04956

-.05127
.01815
.06767
.07762
-.00175
-.06122
-.03489
.00851
.04721
.04956
.00381
-.03724
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–– There is no statistically significant difference
(p > 0.05) between groups with individual
Medrol therapy and the combined therapy
with Medrol and Melox Forte, for the second
and seventh post-surgery day, in favor of the
combined therapy.
The chart presented in Figure 3, represents the
swelling level for the second and seventh postsurgery day, for swelling parameters: UM_LUO,
T_LUU and T_G, for three groups of patients with
mean values for each group.

Figure 3. The swelling level in relation to the
parameters: mandible angle - lateral canthus,
tragus - lateral corner of the mouth, and tragus –
gnation, for the second and seventh post-surgery
day, for three groups of patients

3. Discussion
Over the years, many researchers tried to use
various techniques to reliably measure the swelling, mostly by indirect estimate of the face contour. It is worth noting that the cheek swelling
after oral surgical intervention diffused widely in
different planes and it is very difficult to be measured precisely.
Postsurgical facial edema is difficult to be quantitatively qualified, since it requires three-dimensional measurement process. Certainly, we should
take into account that the swelling can manifest,
not only as “external”, but also as “internal”.
Visual analogue scales can be used, besides
pain assessment, in assessing the swelling. Photographic methods are used to measure the facial
swelling by using images of whole face made
from a certain distance by synchronized pair of
stereoscopic cameras. CT and ultrasound offer the
possibility of a direct estimate of volume increase
caused by edema. However, the most commonly
used methods include mechanical measurements,
which determine the distance between certain
points of face. Facial plethysmography device
uses movable part to draw the facial contour in
three dimensions.
The facial swelling measurement used in this
study was taken from studies performed by Calvo
et al. who have studied the effects of two different

Table 3. Group comparison by Tukey test with respect to the parameter tragus - gnation, for the second and seventh post-surgery day
Swelling
parameters

(I) Therapy
Methylprednisolone

T_G_2

Meloxicam
combined
Methylprednisolone

T_G_7

Meloxicam
combined

(J) Therapy
Meloxicam
combined
Methylprednisolone
combined
Methylprednisolone
Meloxicam
Meloxicam
combined
Methylprednisolone
combined
Methylprednisolone
Meloxicam

* The value of difference with significance level 0,05
T_G_2 = tragus - gnation, second post-surgery day
T_G_7 = tragus - gnation, seventh post-surgery day
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Average
difference
-.03292*
.00009
.03292*
.03301*
-.00009
-.03301*
-.02291*
.00052
.02291*
.02343*
-.00052
-.02343*

Std.
Error
.00259
.00259
.00259
.00259
.00259
.00259
.00202
.00202
.00202
.00202
.00202
.00202

95% confidence
interval
-.03914 -.02669
-.00613
.00631
.02669
.03914
.02678
.03923
-.00631
.00613
-.03923 -.02678
-.02778 -.01804
-.00435
.00539
.01804
.02777
.01856
.02829
-.00539
.00435
-.02829 -.01856
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doses of Meloxicam on the level of post-surgery
complications, during the second and seventh
post-surgery day, and from studies of Ustun et al.
who have studied the effects of two different Methylprednisolone doses on the level of post-surgery
complications, during the second and seventh day
after surgical extraction of impacted mandibular
third molars [21,24].
Buyukkurt et al. in 2006 studied the effect of intramuscular single dose of prednisolone and prednisolone - diclofenac combination on post-surgery
pain, trismus and swelling after surgical removal
of impacted mandibular third molars [23]. The individual therapy of 25 mg prednisolone i.m. was
applied immediately after surgery, and combined
therapy of 25 mg prednisolone and diclofenac
intramuscularly immediately after surgery, and
sterile saline solution as a placebo therapy. Postsurgery swelling was lower in the group that received Prednisolone and in the group that received
a combination of Prednisolone - Diclofenac compared with control group (p < 0.05) for the second
post-surgery day. The group that received a combination of Prednisolone and Diclofenac had a
smaller swelling during seventh post-surgery day,
compared with the group that received Prednisolone and control group (p < 0.05).
The patients in our study, who were prescribed
a corticosteroid Methylprednisolone showed a
statistically significant difference in the swelling
size, compared to patients who were prescribed
non-steroidal anti-inflammatory analgesic. Application of the Medrol compared to treatment with
the very Melox Forte, resulted in significantly less
swelling (p < 0.05) in favor of Medrol. {Table 1,
SVD2 and SVD7 = 0.111410 = 0.0597650 (p <
0.05)}, {Table 2, SVD2 = 0.0594700 and SVD7
= 0.0410500 (p <0.05)}, {Table 3, SVD2 SVD7 =
0.0329150 and = 0.02290500 (p <0.05)}.
There were no statistically significant differences in our study compared to swelling between
the combined therapy with corticosteroid Methylprednisolone and non-steroidal anti-inflammatory
analgesics, and the individual therapy with Methylprednisolone.
Application of combined therapy with Medrol
and Melox Forte in relation to individual Medrol therapy has resulted in a smaller swelling
on the checkups during the second and seventh
610

post-surgery day, but the result difference was
not statistically significant (p < 0.05) {Table 1,
SVD2 and SVD7 = 0.0128800 = 0.0042050 (p >
0.05)}, {Table 2, SVD2 and SVD7 = 0.0099450 =
0.0023500 (p > 0.05)}, {Table 3, SVD2 and SVD7
= 0.0000900 = 0.0005200 (p > 0.05)},
Schultze-Mosgau et al. in 1995 tested the combined therapy of non-steroidal anti-inflammatory
analgesic ibuprofen and corticosteroids Methylprednisolone for pain and swelling [20]. Efficiency of 32 mg corticosteroid Methylprednisolone for
pain and swelling given 12 hours prior to and after
surgical treatment in combination with 400 mg of
non-steroidal anti-inflammatory analgesics ibuprofen, during the day immediately after surgery
and the next two days after removal of impacted
mandibular third molars, has been investigated in
this study. The authors concluded that combined
therapy of ibuprofen and Methylprednisolone
achieved good analgesia and anti-inflammatory
activity, and the results were statistically significant (p < 0.05) in favor of combined therapy.
The results of our study were correlated with
the results of research made by Bamgbose et al. in
2005, who compared the effect of joint action of
corticosteroids dexamethasone and non-steroidal
anti-inflammatory analgesic diclofenac K, compared to individual therapy with non-steroidal
anti-inflammatory analgesics diclofenac K [22].
The authors tracked the level of post-surgery pain,
swelling and trismus after surgical removal of impacted mandibular third molars. Intravenous corticosteroid was prescribed, 8 mg pre-surgery and 4
mg post-surgery. Non-steroidal anti-inflammatory
analgesic was prescribed per os 50 mg immediately before and after surgical treatment. Combined therapy of corticosteroids and non-steroidal
anti-inflammatory analgesics had a stronger effect
on reducing post-surgery pain and swelling, compared to the very non-steroidal anti-inflammatory
analgesic and after 48 hours (p < 0.05).
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4. Conclusion
Analyzing the results of this study highlights
the importance of application of drugs and their
undeniable impact on the level of post-surgery
swelling after surgical removal of impacted mandibular third molars.
Application of individual therapy with corticosteroids and with the very non-steroidal antiinflammatory analgesics in relation to combined
therapy with corticosteroids and non-steroidal
anti-inflammatory analgesics has proved less effective with respect to all monitored post-surgery
parameters after oral surgical removal of impacted
mandibular third molars.
Application of the Methylprednisolone in comparison to therapy with Meloxicam resulted in a
statistically significant difference and the smaller
post-surgery swelling at Methylprednisolone therapy compared to Meloxicam therapy (p < 0.05),
Tables 1, 2, 3.
Application of the Methylprednisolone in comparison to combined therapy with Meloxicam and
Methylprednisolone resulted in the smaller postsurgery swelling at combined therapy compared
to individual therapy, but the results are not statistically significant (p > 0.05), Tables 1, 2, 3.
Application of the Meloxicam in comparison
to combined therapy with Methylprednisolone
and Meloxicam resulted in a statistically significant difference and the smaller post-surgery swelling at combined therapy compared to individual
therapy (p < 0.05), Tables 1, 2, 3.
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Abstract

Sažetak

Reliable accounting system is the basis of the
market economy functioning. Financial statements, accounting and auditing provide relevant
information on the financial position and performance of company’s business. The need for improved financial reporting, accounting and auditing is a general trend in all financial systems. This
is caused by the emergence of the financial crisis
and the crisis in corporate governance. Today the
financial crisis has a global character.
The aims of enhanced financial reporting, accounting and auditing are:
1. attraction of foreign direct and portfolio
investment,
2. intensification of domestic savings,,
3. safety performance of financial markets,
4. adequately assessing the performance of the
company,
5. availability of financial resources to small
and medium enterprises,
6. improving corporate governance,
7. monitoring of company’s management,
8. transparent process of privatization.
9. preparations of consolidated accounts.

Pouzdan računovodstveni sistem je osnova
funkcionisanja tržišne ekonomije. Finansijski
izveštaji, računovodstvo i revizija pružaju relevantne informacije o finansijskom položaju
i uspešnosti poslovanja preduzeća. Potreba
za unapređenjem finansijskog izveštavanja,
računovodstva i revizije je opšti trend u svim finansijskim sistemima. Ovo je uslovljeno pojavom
finansijskih kriza i kriza korporativnog upravljanja. Danas finansijska kriza ima globalni karakter.
Unapređeno finansijsko izveštavanje, računovodstvo i revizija imaju za cilj:
1. privlačenje stranih direktnih i portfolio
investicija,
2. intenziviranje domaće štednje,
3. sigurnost funkcionisanja finansijskih tržišta,
4. adekvatno
procenjivanje
performansi
preduzeća,
5. dostupnost finansijskih izvora malim i
srednjim preduzećima,
6. unapređenje korporativnog upravljanja,
7. nadgledanje rada menadžmenta preduzeća,
8. transparentan proces privatizacije.
9. priprema konsolidiranih financijskih izvještaja

Key words: financial statements, accounting
and auditing, the global financial crisis, corporate
governance, acqis communautaire and the International Accounting Standards, reporting by segments of the company.

Ključne reči: finansijski izveštaji, računovodstvo i revizija, globalna finansijska kriza, instrumenti bilansiranja, acqis communautaire i
Međunarodni računovodstveni standardi, izveštavanje po segmentima preduzeća.
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1. Early detection of crisis in company’s
business
Unpredictable changes and unforeseen events
may cause uncertainty. Uncertainty is a major risk
factor. All disturbances to the regular state essentially make a risk. If the risk is complex and uncontrolled, it causes a crisis. The crisis is a worm
that corrodes the company ,,at the root’’.
The phenomenon of risk has to be explained
by several aspects in order to successfully manage it. To better understand the concept of risk, we
must look to the role of information. One side of
the market often does not know enough about the
other side, in order to make proper business decisions. Such inequality is a sort of risk known as
asymmetric information. Asymmetric information
are the lack of knowledge on one side in relation
to the other, when making business decisions.[4]
The problem of asymmetric information leads to
the risk of adverse selection and moral hazard. The
risk of adverse selection occurs before the company
has issued a decision. Moral hazard occurs after the
company has made a business decision.
The nature of risk may be material and immaterial. Material risk means the loss of or damage
to any object or material things. Intangible risk
means the loss of rating, which can have a major
impact on the success of the company.
Early detection of the causes of risk becomes
extremely important factor of stability of the company. Due to heavy adjustments to the flows of
development, companies are increasingly exposed
to the risk of scientific and technical progress. It
is impossible to imagine the survival of a modern
company with no:[1]
a) increasing innovation, creativity and
efficiency of management,
b) a flexible adaptation to changes and
increased business risk, and
c) complete and timely information.
The concept of crisis comes from the Greek word
“krisis” which means a reversal, disorder, irregular
status, confusion. This is the special condition in the
development of a certain phenomenon. The crisis
is the turn of things in relation to the course until
then. The crisis is full of turmoil, but each shows a
movement. When the contradictions of the system
614

are known, the trends are also explainable, although
they are unacceptable and destructive.
To understand the concept of crisis in companies, it is necessary to define the terms “difficulties” and “disorders” in the business. The difficulties are irregular status, non-compliance with the
normal flow of business. The difficulties are less
severe form of disorder in the company. They occur before disorders. However, their frequent activities affect the appearance of disorders. If longer
persist, difficulties in the collection of receivables,
cause disturbances in the form of insolvency. If
longer persist, difficulties in terms of procurement
of raw materials, lead to disruptions in the production process.[11]
The crisis is the inability of the company to
adapt to market conditions and scientific-technical
development. The crisis involves difficulties and
disorders of the higher level. Action is complex
and multilaterally. Causes of the crisis, external
and internal, are the same as with the difficulties
and disorders.
Crisis causes state of insolvency of the company. Insolvency occurs when the amount of liability exceeds the state of funds. It is a state where
realized losses exceed the capital of the company.
Insolvency is a state of crisis in the company.
2. Harmonizing the accounting standards
in the function of objective financial
reporting, accounting and auditing
Financial statements are a direct product of
accounting reporting, accounting and auditing
system. Financial reports are the most important
instruments of informing interested stakeholders about the performance of the company for a
certain period of time. [6]Analysis of accounting
reform and accounting reporting shows that the
level of harmonization of financial reporting, accounting and auditing with international accounting standards is different in some countries of the
region. Some countries are at the beginning of the
process, while other countries in the region are at
the end of the process of implementing the EU acquis communautaire.
Reliable accounting system is the basis of the
market economy functioning. The financial state2010
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ments provide relevant information on the financial
position, performance, capitalization and cash flow
of the company. The financial statements present
the economic substance of transactions and events.
[5] The need for improved financial reporting, accounting and auditing is a general trend in all financial systems. This is primarily caused by the
emergence of the financial crisis and the crisis of
corporate governance, which are present since the
eighties of last century in many countries. Today
the financial crisis has a global character. Quality
financial reporting, accounting and auditing help
avoid and resolve financial crises and have a positive impact on overall economic trends.
Regulations on accounting and auditing in most
countries of Southeast Europe are not fully compliant with the relevant fundamental elements of the
acquis on financial reporting, accounting and auditing (fourth, seventh and eighth Directive).
The importance of the acquis communautaire
for the countries of Southeastern Europe is twofold:
1. it is a high quality model for improving
financial reporting, accounting and auditing,
and
2. the adoption of the acquis communautaire
in the field of accounting and auditing,
supports the goal of most countries of
Southeast Europe to join the EU.

has caused considerable differences in
national regulations. This had resulted
in the impossibility of comparing the
financial statements of the EEC countries.
However, it was a precondition for free
movement of capital. Hence arose the need
for equalization of principle of assessment,
control, and publication of annual accounts.
The subject of equalization are as follows:
a) an annual summary, which consists of a
balance sheet, profit and loss account and
annex, and
b) report on business.
2) Seventh Directive on consolidated accounts
coordinates national laws on consolidated
accounts and defines the circumstances
under which consolidated accounts are
produced.
3) Statutory Audit Directive is known as
the eight new EU legal directives of the
Company. It explains the responsibility of
statutory auditors and sets certain ethical
principles in order to ensure objectivity
and independence. Directive introduces a
requirement for external quality assurance,
ensures public oversight over the audit
profession and improves cooperation
between oversight bodies in the EU.

The countries of region need to show that they
not only implement the acquis communautaire in
the law, but they also take concrete measures of
implementation in practice (institutional framework). In this regard, the countries of region can
rely on the experience of existing EU member
states. Creating high quality regulatory and institutional framework for financial reporting, accounting and auditing requires reforms in the sphere of
legislation.
Basic accounting and auditing Directives are:
1. Fourth Directive,
2. Seventh Directive, and
3. Statutory Audit Directive.

Transparency and publiaction of data is essential
for effective corporate governance and functioning
of capital markets. Quality and comparable financial statements allow investors to evaluate performance and prospects of growth and development
of the company. Adoption of reliable investment
decision involves a regular and timely access to reliable and comparable information. Transparency
and data publication is the basis for market-oriented
supervision over the work of the company. This allows business owners and the public to evaluate the
performance of company’s management.[9]
A crucial role in the quality of financial reporting has the support of education and development
of accounting and auditing profession. In that process, institutions for the creation and transfer of
accounting knowledge have the main role, as well
as professional associations of accountants and
auditors. Their role is continuous education and
training of accountants and auditors.

1) Fourth Directive is aimed at harmonization
of national regulations of the members
of the EEC on taking the accounts and
financial reporting. The particularity of the
legal system in EEC member countries
2010
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The main goal of harmonization of financial
reporting is to improve the quality of the application of international accounting and auditing standards to a level that will increase the usefulness
of accounting-auditing activities and ensure compliance with the acquis communautaire. Based on
this goal, a whole system of goals has been developed, which in fact is only the elaboration of
the primary goal. The system of goals includes the
following objectives:
1. The legal framework for the internationally
recognized financial reporting.
2. The high degree of compliance of financial
statements with the EU acquis communautaire
and internationally accepted practices.
3. The legislative framework for the audit of
financial statements in conformity with the
EU acquis communautaire and international
practice.
4. Financial and accounting institutions which
have the capacity to implement and develop
a framework for the implementation of
international standards of accounting and
auditing.
5. Mechanisms of supervision and control in
performing accounting and auditing jobs.
6. Development of accounting and audit
profession and the application of ethical
standards and codes of conduct.
7. Mechanisms of action of the market discipline
on the quality of financial reporting.
8. The development and introduction of new
forms of international cooperation in the
implementation of technical assistance.
In terms of information provided, the financial statements must meet the following requirements:[8]
1. Intelligibility is the most important characteristics of financial statements. Request for
understandability of financial statements
means that the information in the financial
statements can be understood now, that is, at
the moment to introduce users to them.
2. Relevance, assumes that, the usefulness of
information is evaluated on the basis of how
they are relevant to the decision making
of users. According to the 26th paragraph
of the Framework for the preparation and
616

presentation of financial statements, the
information is relevant when it influences
the economic decisions of users by helping
them to evaluate past, present or future
events or by confirming or correcting the
previous estimates of users.[12]
3. Reliability, according to paragraph 31 of the
Feamework represents the information that
has no material error and bias, and users can
rely on it in order to truly represent what
information is or what might be expected
that it represents.[12]
4. Comparability is the requirement that financial
statements of the company in successive
periods are comparable. The request includes
the possibility of comparability of financial
reports of different companies. In connection
with the comparability requirement is also
the concept of materiality, which includes a
separate display in the financial statements of
any materialy significant item.
The financial statements are the product of a
large number of transactions and events in the company. The data are grouped according to their nature and function of a particular group or class, and
are indicated as elements of financial statements.
The elements that show the financial position of
companies are property, equity and liabilities, and
the elements on which to determine the success of
business include income and expenses.[7]
Specific activities to be implemented in order
to harmonize accounting reporting,accounting and
auditing refer to the following:
1. extension of the normative-institutional
framework,
2. development of monitoring mechanisms,
and
3. effect of market discipline.
Implementation of specific activities, in order to
harmonize financial reporting, accounting and auditing, assumes the definition of an action plan and
time frame for development and implementation of
a plan. It is necessary to specify for each defined
action the institution responsible for its implementation and adequate budget and resources related to:
1. Appropriate external consultancy support, in
order to meet the bestinternational practice.
2010
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2. Appropriate internal consultancy support.
3. Regional technical cooperation, in order to
exchange relevant knowledge and experience.
4. Funding of operational support to relevant
stakeholders and projects for the realization
of one or more of the planned activities.
3. Instruments of balancing in terms of
crisis
The main goal of balancing in the terms of crisis
is a real maintaining of the value of invested capital. The traditional accounting of the position of
the balance sheet in terms of the crisis is estimated
by cost. In certain positions inflationary gains or
losses are realized, as a reflection of changes in
currency values. In other words, ,,there are many
confusions of the balance position”.[2] Inflationary gains are realized on real goods in the amount
of difference between the values of realities calculated by the market purchase prices on the day of
balancing, and the value of realities calculated by
the purchase prices at the time of their acquisition.
When making the balance of the company in
terms of crisis, there is the possibility of applying
different instruments that directly affect the material content of the balance. These instruments relate to the rules of writing off, evaluation, disposal,
time accruals, accounting, etc. Their use depends
on balancing legislation. The most important instruments and measures that affect the material
content of the balance are:
1. the application of different methods of
depreciation (linear, progressive, declining
and functional);
2. the ability to calculate depreciation over the
prescribed rates;
3. possibility of consumption of different
estimates of expenditures of materials’
supplies and merchandise using different
methods (average cost, FIFO and LIFO);
4. freedom in the calculation and accounting
of small inventory costs and packing
(completely writing off 100%, 50% writingoff method and calculative write-off);
5. freedom in the estimation of supplies of
work in progress, semi-finished and finished
products (the system of calculating by the
2010

actual costs, calculation system according
to the standard costs and the system of
calculation by standard variable costs);
6. freedom in choosing the moment of
disposal of fully or partially depreciated
fixed assets, small inventory and packaging;
7. freedom in assessing the risk of inventory
costs (costs of shatters, fracture and failure);
8. freedom to assess and correct the balance
of account sheet (cash and cash on hand,
supplies of raw materials, finished products
and goods, threatened and irrecoverable
receivables of the company);
9. freedom in the choice and pricing of
temporal separation account, and long-term
provisions;
10. choice of different methods of calculating
the periodic results (total cost method and
cost method of sales performance).
To illustrate, we will show how one of these
measures effects the material content of the company’s balance in terms of crisis and inflation.
We’ll use the example of possibility of different
estimates of stock material expenditures using
different methods of calculation. In traditional accounting, billing and accounting of material costs
is done by actual purchase prices or the planned
purchase prices. Material costs accounted by
planned purchase prices can not be subject of presentation in the balance of the company. In the
income statement the cost of materials must be
expressed in real purchasing prices, rather than
planned purchase prices. As a result, companies
have the obligation to bring down the planned
purchase price of spent material to the real purchase price before the balancing of periodic result.
Bringing down the planned purchase prices to the
real ones is performed periodically.
As the same material is obtained by different
prices, there is a problem of choice of the real
purchase price for the calculation of material consumption. Therefore, the accounting sets the problem of choice application of “real” price for the
calculation of the amount of used materials.
According to International Accounting standards the following methods for calculating the
costs of materials are recommended:[9]
617
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1. Average price method,
2. The method where the first input price is
equal to the first output price - FIFO,
3. The method where the last input price is
equal to the first output price – LIFO.
The effects of application of different methods
of real purchase price on the result and materials
supplies can be displayed on the following hypothetical example: Total company’s revenues in
the observed accounting period are amounted to
100,000 euros. Other costs, except costs of materials, are 30,000 euros. It is necessary to determine
the effects of accounting the material using FIFO,
LIFO and average price method on the result and
material supplies of the company (table 1).
The application of different methods of calculating the cost of materials has resulted in the following differences:
1. differences in the costs of materials (column
2),
2. differences in the amount of expenditures
(column 4),
3. differences in the amount of business results
(column 6), and
4. differences in values of supplies (column 7).

The calculation of business results, by any
method of the real purchase price, also includes
inflationary effects. Inflationary effects are determined by mutual confrontation of incomes calculated on current retail prices with the costs calculated by the previous purchase prices. For example, if the following procurement price is 130
euros for 1 kg of material “A”, inflationary effect
contained in the business results of certain methods can be illustrated as follows (table 2).
In terms of crisis and inflation, these methods
of the real purchase price do not provide the repurchase of the same quantity of material. The
highest inflationary effect is shown by applying
the FIFO method, and the lowest using the LIFO
method. In terms of crisis and prolonged rise in
prices, it is necessary to choose a method that
eliminates or reduces unrealistic expression of
business results. Risk of underestimated assets is
much smaller than the risk of overestimated business results. Overestimated business results may
jeopardize the material basis of the company. Calculation of material cost using the LIFO method
is closest to expressing the real business results of
the company. In terms of crisis and inflation the
most realistic result is achieved by applying the
LIFO method.

Table 1. The effects of the real purchase price on the result and material supplies
Methods of
calculation
1

Material
costs
2

Other
costs
3

5

Business
result
6 (5-4)

Supplies
value
7

FIFO

41.000

71.000

100.000

29.000

68.000

Average price

30.000

73.600

100.000

26.400

65.400

LIFO

30.000

76.000

100.000

24.000

63.000

Expenditures

Incomes

4 (2+3)

30.000

43.600
46.000

Method of
calculation

Quantity kg

Purchase price

Purchase value

Historical costs

Inflationary
gain

Possible purchase
in kg

Difference in kg

Calculated result

Real result

Table 2. Inflationary effects in the business results

1

2

3

4 (2x3)

5

6 ( 4-5)

7 (5:3)

8 (7-2)

9

10 (9-6)

FIFO

400

130

52.000

41.000

11.000

315

-85

29.000

18.000

Average price

400

130

52.000

43.600

8.400

335

-65

26.400

18.000

LIFO

400

130

52.000

46.000

6.000

354

-46

24.000

18.000
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4. Reporting by segments of the company
According to International Accounting Standard 14 - Reporting by segment of the company
can be by:
1. criterion of activity (business segment), and
2. geographical criteria (geographical segment).
Business segment is a clearly different part
of the company which creates certain effects or
groups of related products and services. Diversity
of return and risk is a criterion for identifying business segments. In determining whether a particular product or service are related, it is necessary to
bear in mind the following:[3]
a) the nature of products or services,
b) the nature of related processes,
c) the type or class of customers for effects,
d) methods used for the purpose of effects
distribution,
e) the nature of the regulatory environment.
Geographical segment is a clearly different
part of the company which operates in the special
economic environment. Geographical segment is
subjected to risk and the yield different from other
parts of the company.
Segment, on which the report is being made,
is a business or geographical segment for which
information is required to be disclosed by International Accounting Standard 14th. Under this standard, the segments should be understood as:[10]
Business segment: Part of the company that
produces a product or group of products, as well
as part of the company that provides service or
group of related services.
Geographical segment: Parts of the company that
are geographically separated, regardless of whether
they produce the same products or group of products
or provide the same services or group of services.
In practice there are two types of segments of
the company:
1. profit centers, and
2 investment centers.

that are under the control of segment’s
management,
c) part of the company where the determination
of income and expenditure has been
transferred from company’s administration
to the segment’s management, which is
contoled and motivated by the company’s
administration with the help of business
results.
Investment centers are segments of the company in which managers in addition to decisions on
costs and revenues, make decisions about resources and sources of funds related to the investment
center. With investment centers there are expenses
of financing, and revenues from funding may also
appear. Control and motivation of managers in investment centers is done by the rate of return on
funds employed.
Reporting by segments of the company is basically a tool for profit maximization in the long
run, which is the ultimate goal of company’s business. Balancing financial results by company’s
segmenst, management of the company gets information of how each segment contributes to the
achievement of company’s profit. Based on this
information, company’s management undertakes
the following:
1. Encourages growth and development of
those segments of the company whose
contribution to the achievement of profit is
the most significant.
2. Segment of the company which has
unsatisfactory result is the subject of special
attention to the company’s management.
Another important reason for segmentation of
the company is building the motivational mechanism of the company. The construction and operationalization of the motivational mechanism
is related primarily to the managers of company’s
segments, who represent the middle layer of company’s management.

Profit centers are:
a) rounded production and sales segments,
b) part of the company that has the necessary
critical mass of direct costs and revenues
2010
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Conclusion
International accounting standards are further
elaboration of IV and VII of the Directive. Application of IAS 1 - Presentation of financial reporting and IAS 14 - Reporting by segments is
especially important for the purposes of financial
reporting. The process of implementation of IAS
1 in most countries of the region is very intense
and was completed in certain countries. However,
implementation and compliance of IAS 14 in most
countries is at the very beginning and without any
concrete results.
Instruments of balancing business success of
the company in the terms of crisis are varied.
They have the impact at the material content of
the company’s balance, its financial position and
financial result. Instruments and measures that
lead to the assessment of assets at a lower level
and assessment of liabilities at a higher level, improve the financial position and reduce the financial results of companies and vice versa, measures
that lead to the assessment of assets at a higher
level and liabilities at a lower level, increase financial results and deteriorate financial position.
In the terms of global financial crisis, financial
reporting, accounting and audit conduct the following activities:
1. extension of the normative-institutional
framework in accordance with International
Accounting Standards and the EU acqis
communautaire
2. development of institutions for the
implementation of IAS,
3. development of mechanism for regulation
and supervision,
4. development Accounting and auditing
functions,
5. implementation of mechanism of action of
market discipline on financial reporting.
6. activation of regional technical cooperation,
7. establishment of centers for training of
accountants and auditors,
8. activation of appropriate types of external
consultancy support,
9. reporting by segments of the company,
10. adjustment of accounting records to the
terms of crisis in order to identify the hidden
losses and inflationary gain.
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companies management
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Faculty of Civil Engineering, Iran University of Science and Technology, Iran

Abstract
The companies which are categorized as grade
one can be considered as leading contractors in
Iran, but the question is if all these companies have
similar performances in different managerial issues. In order to answer this, a comparison study
amongst construction companies was conducted.
To identify processes or factors to be benchmarked,
the knowledge areas of PMBOK were chosen as
performance issues which could be regarded as
key performance indicators (KPIs). In order to
achieve the essential data, a questionnaire was prepared and dispatched to companies' managers. The
mentioned questionnaire consisted of 40 questions
based on 9 knowledge areas heading such as time,
cost, and quality managements. The results of the
survey were obtained from 81 out of 354 existing
grade one companies. The first step of the research
involved assigning scores to each company in accordance to KPIs. Then the comparison was undertaken between two groups (i.e. the leading ones
and the others). The findings revealed that in comparison to pioneer firms most of companies demonstrate different management states. In addition,
the results showed the disparity existing between
the two groups of companies. Eventually, the paper
presents the main weak points and the relevant solutions for Iranian companies.
Key words: Benchmarking, Management
practices, Construction companies, Grade one,
PMBOK, Iran
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Introduction
Nowadays benchmarking is considered as a
tool to identify companies that are the leaders in
the construction industry. Benchmarking is used
for comparison between performances of different
companies along with determining where these
processes are significantly different from those
of the competitors. Even benchmarking could be
presumed as a part of change management plan
which is vital for proactive change and company
growth. Therefore, it is argued that by benchmarking project managers are able to improve their
performance markedly. It is a continuous process
which is used to compare and measure the management of one project to the managerial processes of a leading project manager. It basically
consists of the process of finding the information
or data that will guide the specific project manager
towards improvement.

Literature review
Xerox Corporation applied the benchmarking method in order to triumph over the Japanese
competitive challenge of the 1970s for the first
time [1], [2]. The roadmap was adapted from
the 10-step process introduced by Robert Camp
at Xerox. Camp pioneered much work in benchmarking, and some even credit him with the first
use of the term “benchmarking” [3]. Since then,
621
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benchmarking has been utilized in different fields
of industry, and it has become the defined aim of
many academic journals, technical reports, and
papers [4], [5-9].
The benchmarking phenomenon has a host of
various definitions. Camp [10] defined benchmarking as ‘‘the search for industry best practices
that will lead to superior performance ’’. He also
emphasized the value of learning of best practices
internally or externally for the purpose of achieving superiority.
Bent and Humphrey [11] introduced the benchmarking as the technical core of the Total Quality
Management (TQM) process. They asserted that
benchmarking evaluates the quality of current personal skill levels and company procedures/methods, and then compares this quality with the stateof-the-art techniques in management science.
Behara and Lemmink defined benchmarking
as the component part of strategic planning or in
other words strategic benchmarking is considered
as the searching for and adopting successful strategies of the best world practices [12].
In general, many papers have investigated the
practical advantages can be gained by utilizing
benchmarking in the field of construction [13] [14].
It has been argued that benchmarking is able
to make a very significant improvement to performance. By benchmarking leading companies,
firms have experienced significant success in upgrading their organizational capabilities [15-18].
Some researchers have suggests that those organizations that are the most capable in searching best practice and making those aspects work
for them will be the most successful, and theses
managers will be able to enhance their companies'
management processes taking the slight risk if
they learn the best-practices used by their successful competitors [19-21].
Broadly speaking, types of benchmarking reflect two principal questions ‘‘what is compared’’,
and ‘‘whom it is compared against’’ [22].
Based on the first question i.e. ‘‘what benchmarking focused on’’, or ‘‘what is compared’’,
three types of benchmarking could be considered
as: performance, process, and strategic [23]. Regarding the environment against benchmarking,
the classifications of benchmarking are among internal and external [24] [25].
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Over the previous decades, a large number of
researchers have concentrated on this topic. Chan
carried out full reviews for measuring project success in the late 1980s and the early 1990s [26],
[27]. Since the early 1990s many researchers
have maintained that a strong link exists between
project performance and project major objectives
such as time, cost, and quality [28], [29-31]. Afterwards, many researchers attempted to develop
the other factors contributing to project success.
Moreover, numerous studies have been carried out
to elicit the dominant elements which make up the
project success phenomenon [32].
Nguyen et al. [33] revealed 15 project success
factors grouped under four COMs: comfort, competence, commitment and communication. According to Shenhar et al. [34], four dimensions for measuring project success are project efficiency, impact
on the customer, direct and business success, and
preparing for the future. However, regarding perceptions of project success, Wateridge [35] confirmed that project managers often concentrated on
the success factors without success criteria whereas
users may be more concerned about their happiness
with performance in the long-term. Since project
managers success is judged on the quality of a project [36], quality performance measures have been
used instead of traditional performance measures of
meeting time and costs.
Wysocki [37] proposes that two levels of characteristics determine the performance of a project
manager. At the visible level are skills that can be
observed, measured and improved with training.
Competencies are hidden below the visible level
and are more difficult to develop through training.
Competencies can be seen in practice but cannot
be measured directly. He stated that the five types
of competencies required for an effective project
manager are business achievement, problem-solving, influence abilities, people management and
self management competencies.
Meredith et al. [38] categorized the skills needed for a project manager into six skill areas: communication, organizational, team building, leadership, coping and technological skills. In another
paper, Meredith and Mantel [39] compared the
requirements of a project manager to those of a
functional manager. Recently, evaluation of project management performance based on key per2010

technics technologies education management

formance indicators (KPIs) or success criteria has
gained a wide currency in project management
field. Numerous papers have provided information about the different possible KPIs to measure
project management performance, and new skeletons have been proposed to define success criteria as well as to determine project success [28]
[32] [40-42]. The purpose of the KPIs is to enable
measurement of project and organizational performance throughout the construction industry [43].
By the development of KPIs, benchmarking the
performance of a construction project can be carried out [32].
Reviewing literature revealed the fact that ongoing controversy still exists over the best KPIs to
be utilized. The appropriate KPIs which best reflect the performance of a construction company
depend on many factors based on the construction
environment [32] [44].
It should be stated that construction best practices program benchmarking model (CBPP) which is
also identified as key performance indicator model (KPI) is just one of the three main models have
come to prominence nowadays. El-mashaleh et al
analyzed both the performance measures and metrics along with the benchmarking models developed till the year of 2007. Based on the achieved
results over their study, they proposed benchmarking models using data envelope analysis [40].
Chan and chan in 2004 did a study to develop
a framework for measuring project success. In
their paper, a group of key performance indicators
(KPIs) were developed through a rigorous literature review. The reliability of the proposed KPIs
was also tested by three case studies. Then, the
shortfalls of the suggested KPIs were discussed.
They argued that with the development of KPIs,
a benchmark for measuring the performance of a
construction project can be set [32].
Horta et al. in 2009 did a research in Portugal
aimed at utilizing Data Envelopment Analysis
(DEA) as a method to complement the information provided by a set of KPIs. Their model assigns an efficiency score for each organization
then determines the leading firms. Subsequently,
it defines improvement targets for the other organizations based on the practices deployed by the
leading companies [41].
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Aims of this study
The main aims of this paper are defined as follows: (1) presenting indigenous key performance
indicators (KPIs) based on PMBOK to evaluate
the project management performance of Iranian
construction firms, (2) defining leading firms
along with their project management performance
state based on considered KPIs, (3) benchmarking
leading companies, (4) eliciting the disparity between the companies with leading firms in terms
of each of KPIs, (5) presenting main weak points
accompanied by the relevant necessary corrective
actions to span the gap between the companies
and leading firms.
Research methodology
The selection of an appropriate structure is a vital key for the success of a research. Therefore, in
this study we chose the steps which were pointed
out by Lankford [2] as a framework for a benchmarking study. It should be mentioned that we adjusted and changed the mentioned framework to
achieve compatibility with specific conditions of
Iranian construction industry as Luu et al. [45] did
the same in their research in Vietnam. The stages
of the research methodology are presented as follows respectively.
Defining project management key
Performance Indicators (KPIs)
Management strategy improvement cannot be
fulfilled without measuring the current practices
performance. This fact was confirmed by Amaratunga [46]: “You can’t manage what you can’t
measure” and Hayward [47] added: “If you can’t
measure it, how can you improve it”. Therefore,
the aim of this stage is to determine proper KPIs
to measure the project management performance
towards the defined objectives of project management. On the other hand, the KPIs should be
consistent with the conditions dominating Iranian
construction industry.
The literature review showed us that there are
too many KPIs in the field. In addition, there is
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little agreement amongst the contributors from the
construction world on what criteria present the
project managers performance the most successfully. Consequently, one must select appropriate
KPIs for the specific objective of the study [44].
Many researchers as Atkinson, asserted the
fact that the result oriented factors will not indicate whether the project manager of a project has
been excellent or not [28]. Moreover, the intangible factors affecting the outcome of a project,
for example, culture, politics, stakeholder expectations, financial situation, supervision strategy,
and so many other factors differ radically between
the projects. Above all, many factors that have a
significant impact on the success of a project are
beyond the direct control of the project manager.
Therefore benchmarking project management
based on the result related factors would be fairly
misleading [44] .Taking into account all the above,
we maintain that outcomes of a project, e.g. cost,
time, and quality based factors are not precise
measures to determine if the project manager has
done well. Seemingly, the best comparison can
be made by effectively evaluating the quality of
management by comparing the managerial competencies a project manager already demonstrates
against a series of approved competences. In other
words, in this paper we compared the efficacy of
project management actions affecting the success
of a project [48].
The Project Management Institute (PMI) has
determined 9 knowledge areas that any effective
project manager should master. The PMI presented the essential project management competencies
in Project scope, time, cost, human resource, com-

munication, risk, quality, procurement, and integration management [49]. PMBOK has received a
wide popularity in Iran. We can go as far as to say
that it could be considered as the main reference
for Iranian project managers. No other document
is as prevalent as PMBOK in Iran. For that reason, we decided to use PMBOK as the basis of the
KPIs. Afterwards, we uncovered a preliminary series of 53 factors based on the 9 areas of practices
presented in PMBOK along with the findings of
a vigorous literature review. Subsequently, some
one-to-one interviews were arranged with a group
of experts including 12 construction practitioners
and 5 academic professors to amend the factors.
The raw factors were revised in order to measure
the performance of project managers of largest
Iranian contractors. Eventually, we achieved 40
factors which could be considered as major KPIs
for the following stages of the research. These factors are defined in table1.

Table 1. KPIs for evaluating the Project performance practices
Knowledge area

code
Scope1

Scope
management

Scope2
Scope3
Scope4

Time management
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Time1
Time2
Time3

Project management practice Evaluation
How do you evaluate the extent of effectiveness of competent personnel
views in preparing documents for each tender submission?
How effective do you subdivide the contract into smaller components?
Extent of sharing staff in decision making process
Extent of consideration of political, social, and economical alternations in
preparing documents for each tender submission
Effectiveness of updating process and the degree you utilize the control
project practices in your projects time management
Extent that financial problems affects the completion time of projects
The extent contract alternation affects completion time of projects
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The extent you deploy advanced
technologies to accelerate
projects completion
Cost1
Cost
management

Cost2
Cost3
Cost4
Qlty1
Qlty2

Quality
management

Qlty3
Qlty4
Qlty5
Qlty6
Risk1

Risk
management

Risk2
Risk3
Risk4
Hrm1
Hrm2

Human resource
Hrm3
management
Hrm4
Hrm5
Comm1
Communication
management

Comm2
Comm3
Comm4

2010

Time4
How doggedly do you pursue budget planning and resource allocation
in your projects
How do you evaluate the extent of effectiveness of financial experts’
consultations in the estimation of the costs of your projects?
How effective has been the continuous cost control in reducing your
projects costs?
How often do you deploy cost evaluation techniques (e.g. earned value)
in your projects?
How effective do you have reward and punishment system as regards
quality control?
How effective do you deploy educational system to enhance the
capabilities of your employees?
The extent you benchmark leading companies to improve your
company’s practices
How effective have you adopted international quality regulations and
safety codes (e.g. ISO, OHSAS) in your company?
The extent you have deployed experts from outside your company to
improve your quality, and address the quality related drawbacks.
How effective have innovations, inventions, and creativity dominated
your policies towards quality improvement in your company?
How extensive have you been in correspondence with your stakeholders
and your supervision system to minimize the risks of alternations in
your projects?
How extensive do you use scientific methods to determine unknown
risks during your project?
How effective do you consider tenders type in calculating the cost of
your project, and your expected profit?
How do you evaluate company’s ability to control the risk of inflation?
How effective have you paved the way for worthy staff to have the
chance of promotions?
How effective do technical capabilities, commitment, and qualifications
dominate the process of employing your staff?
How extensive have you pursued achieving your aims through
encouraging good teamwork in your company?
How effective have you fostered teamwork by continuous leadership in
every aspect of teamwork?
How effective have you provided motivation in your staff based on new
management disciplines?
How often do you organize regular meetings focused on status reports
How extensive have your management tried to support staff ably, and to
maintain friendship with them.
How effective has your ethical commitments to staff has dominated
your decisions about them
How effective your esteem for staff has strengthened their motivation
in performing their jobs?
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Procurement
management

Proc1

How effective has been financial problems in your procurement process?

Proc2

How effective have you established a workable procurement system?
How effective have you deployed an evaluation system to choose your
business partners to buy your essential materials
How consistent are your payments with your stakeholders payments

Proc3
Proc4
Proc5
Intg1

Integration
management

Intg2
Intg3
Intg4

How effective has been your procurement system in project progress?
How effective have you dealt with internal disputes leading to win-win
situations?
How extensive in-coordination amongst your staff provokes disputes in
your projects?
How effective do you consider project scopes priorities in making
decisions?
How have you taken priority over stake-holders satisfaction in
accomplishing projects?

Data Collection
Questionnaire
As mentioned earlier, the questionnaires used
to do the survey consisted of 40 questions categorized into 9 management practices in accordance
with practices defined in PMBOK. The questionnaires were designed with the aim of measuring
the various aspects of management practices on
the basis of a quantitative assessment of the effectiveness of management practices. The assessment
of effectiveness of a policy in an organization has
roots in personal judgments made by observers.
Consequently, we utilized a ten point Likert scale
to rate the different levels of effectiveness of management practices (from 1=extremely ineffective
to 10=extremely effective).
Respondents
Based on the formal classification among contractors which is now common in Iran, the construction companies are categorized into 5 grades.
The main criteria for classification are related to
the company's previous experience, capital, volume and cost of accomplished projects, staffing,
and the financial situation. Those in grade 1 are the
most reputable and undertake projects of the biggest volume. The differences between grade one
and the companies in other grades are noticeable
in terms of the experience, managerial and financial capabilities. Not only should a comparison be
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performed between like with like (apples and apples) but also the quality of the apples being benchmarked is of great importance [44]. Therefore, it
only makes sense to compare the companies in one
special grade e.g. grade one. Consequently, in order
to precise our research, the target population was
all of the construction companies having received
a certification of grade one. In October, 2009 the
number of all grade one companies amounted to
354 all over Iran according to the list downloaded
from Office of Technical Affairs website (http://tec.
mporg.ir/PEYMANKARLIST.asp).
Sample Size
We Considered the Cochran’s formula for determining sample size [50], where:
t = value for selected alpha level of .025 in each
tail = 1.96
(p)= (q) = estimate of variance = .25 (maximum
possible proportion (.5) ´ 1-maximum
possible proportion (.5) produces maximum
possible sample size)
d = acceptable margin of error for proportion
being estimated = .1 (error researcher is
willing to except).
Therefore, required sample size equaled 97.
Then we adopted the possible adjustment (called
the finite population correction) utilizing Cochran’s correction formula. As a result, the required sample size amounted to 77 [51].
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Data Gathering
Taking into account some inevitable errors and
probable irregularities, we selected a total of 100
companies out of the mentioned list all over Iran
by utilizing the random numbers tables [52]. For
the companies located in Tehran we arranged face
to face interviews with the superintendents of the
companies to fill the questionnaires. As for the
companies outside Tehran we sent the questionnaires along with relevant documents to brief them
on the subject of the research. Finally we achieved
81 questionnaires duly completed in which just 5
were from provinces other than Tehran. As a result,
we achieved the data for 81 grade one companies.
Data Analysis
When using comparison scales it is imperative
to calculate and report the internal consistency reliability for any scales or subscales one may be
using. Therefore the Cronbach’s Alpha reliability
test was selected due to the accuracy and simplicity .We used the SPSS software to perform the essential analysis. The reliability analysis done by
that SPSS resulted that the Cronbach’s Alpha coefficient equals 0.934 which meant the data were
reliable according to Nunnaly theory [53]. Many
data analysis methods depend on the assumption
that data were sampled from a normal distribution.
One of the most frequently used tests to evaluate
how far data are from normality is the Kolmogorov-Smirnov (KS) test. Kolmogorov-Smirnov test
can provide a general and flexible goodness of fit
test, especially for situations when specific test are
yet to be developed [54]. The mentioned method
was utilized in following stages of the research.
Broadly speaking, benchmarking is a comparison. This fact limits any kind of evaluation to the
level it was benchmarked against. As we mentioned earlier, a comparison should be made between like with like. Consequently, not only does
the data need to be similar, but also the quality level of the data should be similar [44].We decided
to carry out the benchmarking against strongest
competitors in terms of organization’s management practices as stated in Muir’s study [18]. The
intangible factors affecting the kind of practices
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adopted by management of the companies can be
similar merely in similar cultural, economical, and
political environments with the same legislations
[44]. As a result, it is only acceptable to the mind
to compare the management practices of our research respondents against their best ones. Therefore, we started to sort the companies on the basis
of their band scores which were derived from 81
questionnaires in accordance to the defined KPIs.
This process was aimed at recognizing the best
ones out of all 81 companies.
The statistical parameters like mean, population
variance and coefficient of variation for the total
score of each company were calculated considering an equal value for all KPIs. The mentioned data
were utilized to rank the companies. The coefficient
of variation (CV) was calculated as mentioned earlier. This is the variation in standard deviation as
a percentage of mean, and is a useful measure for
dealing with properties whose standard deviation
rises in proportion to the mean. Since, the scores in
each KPI are from individuals, it is logical to take
these coefficients as a measure of variation in personal/individual assessment of effectiveness [55].
The mean values of the band score of companies were sorted in descending order firstly, and
then the companies which their mean values were
located in a distance equal to the total mean plus
and minus the total standard deviation were divided into separate categories. Then the companies in
each mentioned category were ranked in descending order based on their coefficient of variation.
The company in each category with a smaller coefficient of variation was evaluated as the one with
a better quality of management practices [55]. The
related calculations are presented as below:
–– Smallest band score = 4.58
–– Greatest band score = 8.50
............ (1)
.................. (2)
.... (3)
Therefore, we divided the companies into 3
groups: the companies with a mean greater than
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6.83, the companies with a mean between 5.53 and
6.83, and companies which their mean in smaller
than 5.53. Figure 1 provides an overview on the
disparity between three mentioned categories of
companies in terms of nine introduced knowledge
areas. As might have been expected the highest
scores belongs to the companies known as the
leading ones.
Figure 2. Comparing companies with their leading ones based on 9 knowledge areas

Figure 1. Disparity between 3 groups of companies in 9 knowledge areas
It is obviously clear that quality management
is the area which stands out noticeably being the
main weak point for the companies’ managements
in Iran in comparison to their leading counterparts.
The same clear insufficiency is witnessed with reference to human resource management field. In
addition the graph shows that somehow the same
noticeable disparity is observed between the companies in almost each of 9 knowledge areas apart
from scope management and integration management in which the effectiveness of disciplines adopted by managers in all companies come close to
that of the leading ones.
Discussion
We considered the first group of companies
(.i.e. with means greater than 6.83) as the leading ones. All the benchmarking studies in this
paper were carried out on the basis of comparing
the companies in the first category against the remained ones. Taking into account the 9 considered
knowledge areas we compared the state of companies in each area with the leading ones. The obtained results are shown in figure2.
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The graph indicates that all considered Iranian
grade one companies pay an obviously scant attention to quality management practices. This sector can be mentioned as their main weak point. In
addition, the widest gap exists between the companies and the leading ones in terms of cost and
time management practices. Further complication
arises when we take into account that the aforementioned knowledge areas (i.e. quality, cost, time
management) are the ones almost mostly considered as the performance metrics of a construction
company [28][44][48].
Presumably, this can be concluded that if we
utilize result oriented factors to evaluate the companies’ management competences, they will demonstrate substantial deficiencies in meeting their
main goals. It is evident that almost the same pattern is dominant in human resource management
practices in which the gap between companies
and the leading ones is substantial. Conversely,
figure 2 indicates that the gap between these two
groups becomes tinier when it comes to scope
management and procurement management areas. It reflects the fact that Iranian construction
companies in grade 1 pursue more or less similar
goals, and they pay sustained attention to procurement issues. To unfold the dominant pattern more
precisely, the 9 knowledge areas are analyzed in
the following sections separately on the basis of
determined KPIs. It is noteworthy to say that all
the knowledge areas are considered in accordance
with their respective definitions in PMBOK [59].
Also, all the figures are illustrated by mentioning
the KPIs as the codes designated in table 1.
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Scope management
An overview on the state of companies in the
scope management field shows us that leading
companies deploy competent staff to prepare the
documents essential for participating in tenders
along with taking into account the circumstances
dominating the country at that time. It seems to be
a necessity for construction companies to develop
their knowledge in the fields relevant to preparing
documents for tenders.
Surprisingly, it is evident that leading companies do not tend to commit construction activities to sub-contractors. In addition, the managers
of leading companies are obviously reluctant to
disclose the information pertaining to companies’
scopes with their staff. The reverse is true for the
rest of companies. The results related to scope
management area are shown in figure3.

Figure 3. Comparison based on the scope management field results

Figure 4. Comparison based on the time management field results
Cost management
As regards the issues related to cost management, we can see that in all cases leading companies utilize economy experts along with continuous revision of cost relevant practices to control
their expenses and budget allocations. This state
is always true apart from utilizing new evaluation
techniques which for nearly all the companies including leading ones devote an insufficient attention to. Figure 5 shows the associated results.

Figure 5. Comparison based on the cost management field results

Time management
As it is obvious, stake-holders financial problems are the most effective factor in creating time
overruns in all the companies. Also, it shows that
leading companies consider the alternations more
effective to change the completion time of the
project. It is also comes to the light that leading
companies pay much more attention to updating
their project control programs compared to other
ones. Above all, it is revealed that all the Iranian
companies pay scant attention to utilize advanced
technologies in order to accelerate their projects
completion. The mentioned results are shown in
figure 4.
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Quality management
The most interesting feature of the results is for
the matters related to reward-punishment methods
and deploying experts from outside of the company to address the quality problems. In both of
the aforementioned cases leading companies have
gained a lower score compared to ordinary companies. It could be due to their ability to employ
experts in their companies. For all the other cases
leading companies demonstrate noticeably much
greater capabilities. It should be mentioned that
the greatest gap exists between these two groups
in terms of utilizing international quality standards
and codes for which leading companies utilize
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them substantially much more than ordinary ones.
The related results can be seen in figure 6.

Figure 8. Comparison based on the human resource management field results
Figure 6. Comparison based on the quality management field results
Risk management
With reference to results gained about risk management, it seems that all the construction companies are vulnerable to inflation. In other words
they are hardly able to control the cost overruns as
the results of inflation. For all the other cases leading companies show a better position as the direct
result of their historical precedence. Seemingly,
all the companies claimed that they consider the
type of tender once they tend to estimate the cost
of respective project. Results are shown in figure7.

Figure 7. Comparison based on the risk management field results
Human resources management
As far as human resources management concerns, it is clear that nearly all companies do not
launch motivator initiatives to enhance the morale
of their staff. They have gained the smallest score
in this field. In the other cases leading companies
demonstrate absolute superiority over their counterparts particularly in forming team works and
evaluating their practices continuously. Figure 8
shows us the mentioned results.
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Communication management
Overview on the results related to communication management shows us that in fields of maintaining friendship with the staff and supporting
them ably, leading companies do not show a great
tendency compared to ordinary companies. It can
be inferred that the managers of leading companies
tend to manage their companies on a task-oriented
basis rather that relation-oriented style. The reverse
is true for other ones. Conversely, leading companies are much more eager to hold regular meetings
and reviewing performance reports of their employees. The discussed results can be seen in figure 9.

Figure 9. Comparison based on the communication management field results
Procurement management
The data shows that nearly all the companies
put in a lot of effort to neutralize the probable effect of financial problems in their procurement
process. The case is true for all companies. For all
the other related cases leading companies show a
noticeable superiority over the others apart from
the case of consistency between the payments of
the company and the payments of the stakeholder.
In the mentioned matter, leading companies’ payments do not depend solely on the payments by
the stakeholders. It seems they utilize their own
2010

technics technologies education management

resources to pay. Conversely, other companies are
dependent on their stakeholder in terms of payments. It could cause a lot of irregularity in their
payments, since Iranian stakeholders are notorious for their irregular payments. The results can
be found in figure 10.

Figure 10. Comparison based on the procurement management field results
Integration management
As can be seen from the data, all of companies
including leading ones do not perceive the disputes
of staff as being an effective factor for the success
of the projects. As a result they pay scant attention
to this phenomenon. In this case, leading companies
show the similar performance as the other ones. On
the contrary, they try their best to get the satisfaction of the stakeholder with their performance in the
project. Figure 11 shows the results.

Figure 11. Comparison based on the integration
management field results
Conclusion
After determining 40 indigenous key performance indicators on the basis of 9 major knowledge areas in accordance with PMBOK we utilized these KPIs to evaluate the state of the effectiveness of the project management practices
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for Iranian grade one companies. We conducted
a survey of 81 construction companies in order to
gather essential data. Based on the questionnaires
achieved we divided the whole sample into two
main categories as: (1) leading companies and
(2) the rest. The widest gaps between the leading
companies and other ones were observed. In addition, the findings revealed the most critical KPIs
which had contributed to open up the determined
gap. These critical KPIs are presented along with
their respective knowledge areas as follows:
Quality management stood up noticeably being
the largest gap between Iranian grade one companies and the leading ones. It could be attributed to
their negligence on utilizing international quality
and safety standards (e.g. ISO, OHSAS). Also they
did not train their staff and paid a scant attention to
professional educations as well. The managers of
Iranian companies should take appropriate measures to enhance their practices at the mentioned
fields to bridge the existing gap.
Cost management area is the second most crucial area of knowledge for Iranian companies. We
conceded that it had happened because they did
not deploy economy experts to help the company
with estimating the projects costs and controlling
the expenses. It showed us the human resource
management was the third vital field for the companies to be considered. Companies demonstrated
weakness in this field due to the reluctance by
their managers to form team working and reviewing their performance continuously. It is a must for
them to change their attitude towards this strategy.
Time management was ranked as the forth most
important field for Iranian companies to be considered. Their weakness in this field was because they
did not pay enough attention to utilize the project
control sector efficiently, and also they did not update their plans continuously. It should be kept in
mind that this fact requires immediate action.
As far as risk management concerned we can
imply that nearly all companies were not able to
decrease or mitigate the risks created by inflation. This matter needs the immediate attention
of policy makers and all the experts in the industry as it seems to be a general problem amongst
all of construction companies in Iran. As regards
the communication management, it is the seventh
most critical knowledge area in which compa631
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nies demonstrate gap between them and leading
companies. Poring over data it becomes clear that
companies have not paid serious attention to call
for regular meetings with their staff. As a result
of this they have not reviewed the performance of
their staff as well.
Companies ought to exert hard effort to set up
a procurement system. It seems also imperative
to rely on the resources of the company for the
payments instead of payments of the stakeholder.
This fact also should be seriously considered by
the governmental sectors and policy makers to
rule out the irregularities which are rampant in
payment systems to the contractors.
As for the integration management, it showed
the second tiniest gap between leading ones and
the remained companies apart from scope management which demonstrated meaningful similarity between the two mentioned groups.
Limitations of the study and
recommendations for further researches
Several limitations were identified in this study
as the following: we extracted the KPIs based on
the PMBOK along with considering the literature review and the experts’ perceptions. Since no
particular research has ever addressed this issue,
it seems that maybe these KPIs were not the best
metrics to evaluate the effectiveness of Iranian
project managers. It reveals the essential need to
determine the most suitable KPIs to evaluate the
state of project management practices.
We perceived KPIs having the equal weight in
our calculations. There would be strong reservations about the curacy of this assumption.
Furthermore, there is considerable dispute over
the precise definition of the term “success of the
project”. We hold the view that an in-depth research
should be carried out to define which companies are
the most successful ones in Iran. Then it would be
possible to benchmark the companies against the
ones which almost everybody qualifies them to
be the best in their position. Our research suffers
from this drawback in which one may claim that
the companies determined as leading ones are not
really successful in real projects.
Moreover, we evaluated the companies on the
632

basis of their own answers. Therefore, it is likely
that the results have overstated the situation in
companies.
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Abstract
In the era of system development and economic
transition, in other words the modern age, entrepreneurial activities have more and more influence,
both from the standpoint of increasing production,
as well as from the standpoint of meeting the needs
of consumer goods, development of services, etc.
Strengthening of market relations, the development
of new ways of economic thinking and reasoning,
the development of initiative and entrepreneurship,
regardless of ownership and economic activity,
are the best indicator of changes in the economic
structure of society in which we live and the best
proof that we are in the process of transition within
the framework of market economy that requires
greater effort and work, but with the greater benefit. In point of fact, the strategic commitment of
enterprises predominantly affects the quality of an
enterprise in relation to its competitors. Managers
of companies should be aware of all developments,
both in their environment and in the company.
Key words: entrepreneurship, leader,leadership,
strаtegics, mаnаger,management.
Sažetak
U vremenu sistemske i ekonomsko-razvojne tranzicije, tj. savremenom dobu, sve veći
značaj imaju preduzetničke aktivnosti i to kako
sa stanovišta povećanja proizvodnje, tako i sa
stanovišta podmirenja potreba potrošnim dobrima,
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razvoja usluga, itd. Jačanje tržišnih odnosa, razvoj
novih načina ekonomskog mišljenja i rezonovanja, razvoj inicijative i preduzetništva, bez obzira
na oblike svojine i privređivanja, jesu najbolji pokazatelj promena u ekonomskoj strukturi društva
u kojem živimo i najbolja potvrda da se nalazimo
u procesu tranzicije u okvire tržišne privrede koja
zahtjeva veći napor i rad ali su veće i koristi. Upravo, strateško opredjeljenje preduzeća dominantno
utiče na kvalitet poslovanja preduzeća u odnosu
na njegove konkurente. Menadžeri kompanija treba da budu upoznati sa svim dešavanjima, kako u
svom okruženju tako i u samom preduzeću.
Ključne riječi: preduzetništvo, lider, liderstvo, strategija, , menadžer, menadžment.
1. Introduction
Management is a set of processes which can
be used to maintain complicated system of people
and technology by balanced managing. The most
important aspects of management include planning, budgeting, organizing, monitoring and troubleshooting, including staff.
There are many definitions of entrepreneurship. To some, entrepreneurs primarily means innovation, or it means taking risks, or force that stabilizes the market, and to others it means starting,
owning and managing small businesses.
Leadership / management is a set of processes used firstly to create organizations or to adapt
them to substantially changed circumstances.
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Leadership is a new phenomenon in the management which has been intensively studied in recent
times. In a broader sense, leadership is used to indicate not only a special way of keeping, but a new
approach to management, which is claimed to enable the best results in business. In studying this
phenomenon, one must first note the existence of
two concepts: leadership and leaders.
Leadership stands for the process during which
one person influences the other group members in
order to achieve the defined goals of the group or
organization. A person who influences the other
is called the leader. The leader is described as a
man or woman who has an idea and force to influence others, without coercion in order for them
to achieve the objectives of the company. He or
she believes in change and innovation and understands the importance of the challenges and threats
for the functioning of the company.
Leadership is a very appreciated value in the
modern world economy, because it is believed that
the leaders are the specific assets in the company.
It is believed that the key competitive advantage in
the future will be the ability of leadership to create
the social architecture necessary to generate intellectual capital. Intellectual capital refers to knowledge, ideas, innovations and know-how.
Leadership is defined as the act or behavior that
affects others. Some observe it as an instrument for
achieving goals. Leadership is a process that involves
threading to accomplish the goals and occurs in a particular situation, group or organization. This means
that the leadership is the process in which an individual influences a group or organization to achieve a common goal. The emphasis is on the threading.
Unlike manager who focuses on: to know how
(efficiency), the leader focuses on: to know why
and why not (effectiveness). While the manager
accepts and maintains, the leader questions and
develops. The manager solves the problem; a
leader identifies the problem to be solved.
As a leading figure in the company, the leader
is often ascribed characteristics such as:
–– Trust
–– Ability to understand environmental
–– channel of change
–– The ability to select the right direction and
to focus the attention
–– Recognizing the dominance and urgency
636

2. Characteristics associated with
leadership
1. ENERGY- The leaders express a high level
of provided effort. They have a relatively
high level of desire for success and they are
ambitious, have great energy and they are
tireless and persistent in their activities and
they show initiative.
2. WISH TO LEAD- Leaders have a visible
desire to lead and influence others. They
show a willingness to take responsibility.
3. HONESTY AND INTEGRITY - Leaders
build relationships of trust between them and
their followers, using truth and honesty and
showing high consistency between words
and deeds.
4. SELF-CONFIDENCE- Followers believe
that the leader never doubts himself. Leaders
therefore need to demonstrate self-confidence
to convince their followers of the fairness of
their goals and decisions.
5. INTELLIGENCE - Leaders must be
intelligent enough to be able to collect,
synthesize and interpret large amounts of
information and must be able to create
visions, solve problems and make correct
decisions.
6. APPROPRIATE BUSINESS KNOWLEDGE - Effective leaders have a high level
of knowledge about the company, operations
and technology. In-depth knowledge allows
leaders to make reasoned decisions and
to understand the consequences of such
decisions.
7. ADDITIONAL CHARACTERISTICS
- Leaders are energetic, lively people. They
are social, confident and rarely are quiet and
withdrawn.
2.1. The difference between management
and leadership
Management is basically concerned with stable
processes. More widely, management rationally
deals with the complex phenomena of organizational life, like problem solving, planning, financial planning and control.
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Basic traits of leadership are personal behavior
and style. Leadership has an effect on the emotions of people in an attempt to initiate a vision
and inspire them to realize this vision. This is especially important at a time of great change.
In practical areas of daily life the difference
is not so sharp and motionless. Leadership and
management require different skills, but are not
mutually exclusive. They can be closely interconnected, depending on the situation. Most so-called
“managerial roles” will not only carry a permanent condition, nor will it be focused just on the
change. It will partly deal with organizing people
to achieve something, and partly with their moti-

vation and inspiration. Therefore, every effective
manager must demonstrate that he or she has the
managerial and leadership skills.1
This distinction is absolutely essential for our
purpose: a closer insight into the previous two diagrams shows that the successful transformation of
70-90 percent is related to leadership and only 1030 percent to management. For historical reasons,
many organizations today do not have much leadership. And now, almost everyone think about the
problem of how to manage change.
1

Priručnik za menadžere, R. Heller, Profil international,
Beograd, 2003.

Table 1. Differences between managers and leaders
Differences between managers and leaders
Managers
- Resource power
- hierarchical position
- planning, organizing and controlling
- implements the vision
- Objective: Efficiency
- stable conditions

Leaders
- interpretive power
- management awareness
- creating and leading changes
- creates a vision
- goal: effectiveness
- turbulent conditions

Table 2. Management versus Leadership
Management
• Planning and budgeting:
Formulation of detailed steps and timetables for
achieving the required results; then allocation
of resources necessary for this to happen.
Organization and personnel: establishment of
a structure required to achieve planned staffing
structure with individuals; delegating responsibility
and authority to execute the plan; ensuring policies
and procedures to assist in managing people
and creating methods or systems of control
implementation
• Inspection and resolving problems:
monitoring results, identifying plan deviations,
then planning and organizing to solve these
problems

Leadership
• Formulating directions:
The development of visions and strategies for producing
the changes- often in distant future-needed to achieve that
vision.
Men setup:
The communication lines in the words and transferring
to all those whose cooperation may be needed and can
have an impact on the creation of teams and coalitions
in order to understand the vision and strategies and
accept their validity
• Motivating and inspiration
Encouraging people to accept and overcome the main
policies of bureaucratic and resource bureaucratic barrier
change with satisfaction but often with unfulfilled human
needs.

• Procedure of the level of predictability and
order,
potentially consistent production of shortterm results expected by different customers,
creditors, employees, etc.

• Creating the change, often of dramatic extent and
potential production for the end-users of it (new
products that customers want, new approaches to
work, etc)
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Arrogant managers overestimated their current
performance and market position, they listened
poorly and learned slowly. Focused on the inside
of the organization they had had difficulties to understand the effect of changes and opportunities
that it provided. Lack of leadership had not led to
the strengthening of the interior of these organizations, but to the hiding in the “swamp.”
Employees in large, old firms often have trouble with the start of the transformation process because the lack of leadership is duplicated with arrogance, narrow-mindedness and bureaucracy. In
the organizations where the program changes are
excessively driven and scarcely managed, there
exist more pushing than pulling. Someone puts
together a plan, shares it to people, and then tries
to influence the statement or the decision to be accepted by the others.
Managing change is important. It cannot be
successful without a competent manager. But for
most organizations, a much bigger challenge is
managing the change.
Leader is characterized by having a vision, the
ability to create and transform the vision into reality. It is precisely this transformation of vision into
reality, in other words, the real business enterprise
gave birth to the need to set the vision for categories such as mission and goals as a key initial elements of strategic management.
The process must necessarily start from the
leaders who have vision, which is through consideration of the purpose of the company, translated
into goals, policies, strategies, tactical plans and
concrete actions.

3. Developing a vision and strategy
Vision refers to the image of the future with
the implicit or explicit commentary on which
people strive to create that future. In the process
of change, good vision serves three important purposes. First, by highlighting the general direction
of change and the need to “see where we are and
where we’ll be in a few years,” vision simplifies
638

hundreds or thousands of detailed decisions. Secondly, it motivates people to take action in the
right direction, even if the initial steps are personally painful. Thirdly, it helps coordinate activities
of different people, even hundreds or thousands of
individuals, in the distinctive and efficient way.
Good vision can help you prepare for the working with costs or the elimination of temporal confusion. With the emphasis on the direction, we
can identify and reject unsuitable projects, even
if these are supported by the policy. Thus, freed
resources can be put into the function of the transformation process.
Another important function of vision is to facilitate the major changes with the motivation to take
action that is inevitable in human short-term selfish interests. The changes which called for prudence in understanding of vision almost always
included some pain.
Good vision helps to overcome the natural resistance of people to work against their will for
what they naturally expect to be motivated. Good
vision confirms the necessary of sacrifice, but it
becomes clear that this sacrifice will produce specific benefits and personal satisfaction that are far
superior to those available today or tomorrow,
without access to changes.
Thirdly, vision helps regrouping individual as
well as the coordination of actions of motivating
people to mark an efficient way. Alternatives are
much slower and more expensive. With a clear vision, managers and employees can calculate what
to do without the supervisor or his assistants.
The third characteristic of vision is often enormously important. Coordination costs of change,
especially when it involves a lot of people, can be
huge. Without a sense of division, the interdependence of people may end up in constant conflict
and continuous meeting. With visions of a division, they can work on some level of autonomy
without stumbling one another.
Vision can be mundane and simple, because it
is in the successful transformation only one of the
elements in a large system that also include strategy, plans and budgets, it is only one factor in a
large system, but a very important factor:
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3.1. The relationship between vision, 		
strategy, plans and budgets

Vision takes on security, the deployment of individual job content2 (activities, operations, etc.)
to the holders of organizational units (sector, services, facilities, departments of all the jobs), with
the definition of working time for each relevant
content provider, with an adequate allocation of
the resources needed.
When we look at the total process of management development, then the vision of development is the primary stage of this process. If we
are managing the development viewed as a continuous process of directing the development and
implementation, then the vision of the development strategy would be a part that precedes the
implementation and refers to the direction of development. If we start from the fact that the company is expected to be opened only to the needs
of the environment, then it must assume responsibility for achieving economic development. With
the vision, the company seeks to focus its future
movement in order to avoid incorrect action and
reduce the potential for failure from the environment, as well as disorganized and spontaneous behavior within the enterprise. Obviously, if we rely
on the assumption that the natural course of events
will lead up to the desired objectives of development, then there would be no need for vision. The
vision does not include making future decisions,
but refers to the adoption of current decisions on
the implementation of its future goals, and their
development.
The vision includes the pessimistic and opti2 Preduzetništvo i menadžment u malom biznisu, Dostić
M., Sarajevo 1996.
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mistic component. Pessimism lies in 3the belief
that unless something is done, it is not likely that
the desired future state will happen, while the optimism expresses the belief that something can be
done to increase the chances for the desired things
to happen in the future. Vision development is a
continuous process, without which it functioning
further cannot be done effectively. When we say
that the vision of development must have its continuity in time, then we emphasized that this process does not have its natural end, but takes place
continuously. In developing the plan, we should
start from the fact that it is flexible, it is subjected
to changes dictated by the environment that must
be built into it, in order to achieve the expected
future state.
Making changes to the plan, the continuity of
development planning is especially emphasized
whose continuity represents the condition for the
continuity of development.
4
Strategy is management activity of enterprises or other organizational system related to
choice of the directions, methods and instruments
for achieving the objectives of their functioning
and development. The choice of an appropriate
strategy stems from the circumstances of an enterprise in the economic and social environment in
which different incentives and constraints are employed. The company, in fact, has limited resources and in carrying out its activities there exists an
active competition of other market participants.
The role of strategy in the current business
and enterprise development is reduced to finding
the best ways and alternatives for achieving the
planned goals. This is supported by a combination
of available human and material factors, as well as
other competitive advantages of enterprises. The
aspiration of the company is to respond to the
challenges and limitations of the environment in
the best way and to achieve the highest possible
level of effectiveness and efficiency of business.
Business strategy should provide the most favorable way to achieve objectives in terms of market competition under the influence of dynamic
changes in the environment. That is why in the
3 Preduzetništvo , Dr. Vlajko Petković, Čačak 2003.
4 Preduzetništvo i menadžment u malom biznisu, Dostić
M. , Sarajevo 1996.
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choice of business strategy it is necessary to use
scientific research methods and consider a wide
range of routes, methods and instruments to be
applied, depending on the objectives and terms of
business. The choice of strategy is affected by the
size, development and type of commercial enterprises, as well as the degree of decentralization of
governance.
The choice of an appropriate strategy and its
realization through the development and business
policy needs to make profit. Profit appears as the
aim and purpose of the establishment, ongoing
business of the enterprise development and its
business and organizational components.
Decisions on strategic business objectives are
related to the three level hierarchy of enterprise
management:
–– the company as whole,
–– individual business units, as parts of the
enterprise,
–– business functions of the company.
4. Conclusion
The company, which wants to develop the entrepreneurial dimension of its business must create
and maintain an appropriate environment and culture and give employees a chance to express their
entrepreneurial traits, entrepreneurial talent. At
the same time, they must have a certain influence
on the possibilities of management and decisionmaking bodies, i.e. the ability and determination
to provide support for good business ideas and
conditions for its transfer to a new or different
business results.
Companies that seek to use entrepreneurial
strategies and want to develop an entrepreneurial
concept of operations should:
–– cherish an atmosphere of acceptance of
change and focus on customers and leave
the status quo position that the company
maintains in a state of stagnation, which
is followed by losing the step with the
competition and finally decline.
–– encourage, support and reward those who
discover and deliver new business ideas for
business innovation, which are compatible
with potentials of the company and which
640

meet customer expectations and open the
way to a long-term prosperity
–– accept the unavoidable level of risk, which
is a necessary consequence of operating in
a changing and uncertain environment, and
on that basis to tolerate some failures, so as
not to uninspire internal entrepreneurs
Entrepreneurial economy is an economy which
encourages entrepreneurial business orientation
and stimulates the development of enterprises that
are innovative and in the process of growth. In the
mid seventies of the twentieth century the U.S. has
made a strong shift towards the entrepreneurial
economy, and during the nineties, conditions for
faster development of entrepreneurship were intensively created in other countries as well, especially in economically most developed countries.
Modern economies are increasingly transformed into entrepreneurship because entrepreneurship is realized through the production
growth, profits and employment. A society that
nurtures the whole environment for the development of entrepreneurship is the entrepreneurial
society and creates a strong foundation for the development of management that we need in these
turbulent times. XXI century is the century of
ideas, changes, crisis, innovations and successful
individuals: entrepreneurs, managers and leaders.
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Abstract
Conflict Management is a leadership interpersonal skill (Luthans, 1995). Using proper leadership styles can lead to effective Conflict management. This research aims to study the relationship
between transformational and transactional leadership in Bass model (1985) with Conflict management strategies in Iran footsal pro-leagues
coaches. Coaches leadership style and Conflict
management strategies were measured by MLQ
(1996) and OCCI (1991) questionnaires. Statistical population involves 360 players that 197
persons were selected randomly. Above questionnaires were distributed after determination of validity and reliability. In order to data analysis descriptive statistics and inference statistics was employed in order to determine the relationship and
prediction of Conflict management strategies by
using coaches transformational and transactional
leadership styles, finally univariate and multivariate regression was used. There was a meaningful
positive relationship between transformational
leadership style with collaborating strategy and
there was a negative meaningful relationship in
compromising, avoiding, accommodating and
competing. There was a positive meaningful relationship between transactional leadership style
with collaborating and competing strategies,
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negative meaningful relationship with avoiding
strategy and there was any relationship between
transactional leadership with compromising and
accommodating strategies. There was a negative
relationship between laissez-fair leadership with
collaborating and competing strategies, a positive meaningful relationship between laissez-fair
leadership with avoiding and accommodating, and
non relationship with compromising.
According to this fact that collaborating strategy is sign of effective strategies, avoiding and
competing are signs of non effective strategies
and compromising and accommodating strategies
show combined use of conflict; it was infered that
coaches transformational and transactional leadership have positive relationship with effective
conflict management at this case the relationship
with transformational style was stronger. Thus, it
is recommended to use this style.
Key word: footsal, conflict management, transformational and transactional leadership styles.
Introduction
The realization of organizational objectives requires the systematic and harmonious movement of
its members towards the achievement of set goals.
An issue that can affect this movement concerns the
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interpersonal conflicts. Conflicts may arise due to
many different reasons. Lack of similar understanding, different talents or needs, clashes of interest,
personal and social problems, inequality and injustice and many other factors are among the factors
that create conflict. Putnam defines conflict as “ the
people who interact with each other and they differ
in terms of major, minor goals and values and they
consider others as an obstacle on the way of achieving their goals (9). Conflict may not be strong
enough to cause the dissolution of an organization,
however, there is no doubt that it can have adverse
impacts on the organization’s performance or can
create conditions so that many of the organizations
may lose their efficient and experienced staff (7).
Unable to understand the conflict, many managers try to forcefully settle conflicts. Research has
shown that those organizations which have fewer
conflicts find it difficult to survive in competing circumstances. Because the members of such organizations are too homogeneous to adapt themselves
with the environmental conditions or they feel so
satisfied with the existing conditions that they feel
no need for change (2). Therefore, conflict is a phenomenon which has both positive and negative effects on people’s and organization’ performance.
Appropriate and effective use of conflict can improve the performance and raise an organization’s
level whereas the inappropriate use of conflict may
lead to a lower performance, create conflict and
chaos in the organization. Effective use of conflict
depends on a complete understanding of its nature,
its main causes, and obtaining skill in its control
and management which is nowadays considered as
an important management skills (5). Cetin (2004)
holds that if conflict can be properly identified and
directed, it can be utilized as one of the most important devices for organizational growth (11).
Making use of the two factors suggested by
Blake and Mouton (1964) i.e. “concern for people
and concern for production”, Thomas (1976) provided 5 strategies for conflict management which
include: 1. Collaborating, 2. Compromising, 3.
Avoiding, 4. Accommodating and 5. Competing
(28) . In order to select the most appropriate strategies, it is necessary to know the consequences of
different conflict management strategies. The selected strategy for the management of conflict can
be destructive or constructive. The most ideal so2010

lution for the settling of conflict is when both parties involved in the conflict feel victorious which
is possible through collaboration (6). In collaborating strategy, the manager focuses on the interest
of the persons involved in conflict and therefore,
he tries to find a solution which meets both parties’
interest in the best way possible (17). On the other
hand, the strategy of avoiding in the conflict management indicates an aversion to tension, neglecting the disagreements and taking no sides. In this
strategy, the manager pays attention to neither parties’ interests (25). In the competing strategy, the
manager tries to impose his own interests on the
other party (19). In accommodating strategy, the
manager prefers the other party’s interests to his
own (21). In compromising strategy, the manager
looks for a solution in which both parties involved
lose a part of their interests (19). Rahim (1992)
states that collaborating strategy is the constructive use of conflict while avoiding and competing
strategies show the non-constructive use of conflict, however, compromising and accommodating
have a mixed use of conflict in management (24).
Managers willingly or unwillingly encounter
conflict in their organizations. Zigarelli (2002) reports that 83% of the leaders are of the opinion
that they should immediately resolve their staff’s
conflicts (30) Dubrin (2004) says that 20% of the
entire time of the managers is spend dealing with
the staff’s conflicts (13) Rahim (1981) believes
that the first priority of the managers is leadership
while conflict management is the fifth priority
(23). Conflict management is one of the interpersonal skills of the leadership (20). Therefore, a factor which can be associated with conflict management concerns the leadership styles. Leadership is
a voluntary penetrating process for the direction of
group activities towards the goals and it also consists of a set of characteristics effective in affecting others (14). The managers of organizations use
a variety of methods to direct their staff which is
called leadership style. Leadership style has been
defined as an individual’s stable behavioral patterns observed by others (18). The theory of transactional and transformational leadership styles
was initially proposed by Burns (1978) and was
further completed by Bass (1985). According to
Bass Pattern, transformational leadership is based
on emotional and interpersonal relations between
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the leader and subordinates. This theory focuses
on stimulation and provocation of the followers
to gain extra performance whereas the transactional leadership is based on interactions between
the leader and subordinates and tries to motivate
the followers through contingency rewards (22).
According to Bass Pattern (1985) the characteristics of Transformational Leadership Style include:
charisma where the self-confidence and personal
authority of the leader creates the followers’ respect and trust. Idealized behavior refers to when
a respected leader tries to promote the followers’
ideas and opinions. Inspiration is when a leader
tries to encourage and boost morale of his followers so they work towards higher expectations. Intellectual stimulation refers to the case when the
leader encourages his followers to examine and
resolve the problems by means of innovative and
new methods. Personal considerations relate to the
emphasis that the leader puts on interpersonal relations and individual growth of his followers.
The components of transactional leadership
style consist of: contingency rewards refers to a
situation where a leader makes use of reward /
punishment to achieve performance. Active management by exception is when the leader supervises the performance of his followers and does
not tolerate the violations of the standards by emphasizing the standards. Inactive management by
exception refers to a situation where the leader
simply expects violations and deviations. Unlike
active leadership styles (transformational and
transactional ), laissez-faire leadership is regarded
as an inactive style in which the leader pays no
heed to the events and has no interest in the needs
of his subordinates (16).
Danielson et al (1975) maintains that professional sports environment / setting is a suitable
location for the study of organizational behaviors
and they quote the great and celebrated coaches’
leadership style as a pattern for the leadership of
non-sport and commercial organizations (12).
However, nowadays the sports researchers have
borrowed the leadership patterns from organizations (15). When a group of individuals strives to
achieve a goal, a person is usually takes over as
the leader or manager of that group. This person
should enjoy the necessary requirements for the
leadership so as to lead the members towards the
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goal. In sport settings, it is usually the coach who
leads the players and is the person who can play a
pivotal role in the group’s performance (3). Therefore, we can say the sport teams are a kind of organization. Unlike the commonly held belief, the result of a game is not determined on the match day
because there are numerous factors involved in the
final outcome. A close look at the sports matches
and competitions reveals that despite having high
levels of capability and potentials, some athletes
are not able to manifest their potentials fully due
to conflicts with others an issue which leads to a
decrease in the team’s performance. Considering
the fact that different individuals of various potentials and goals work in sport teams, therefore, the
presence of conflict among them is a natural phenomenon. This research aims to examine the lack
of relationship between the transformational &
transactional leadership styles with conflict management strategies of the coaches. Bass maintains
that there has been little research on the relationship between the transactional & transformational
leadership styles and conflict management strategies (27). So the present researcher was unable
to find such a study in the sports domain. However, there has been some research in non-sport
organizations in this regard the results of which
are contradictory. Warren (2004) in his research
on church managers came to the conclusion that
there is a significant correlation between transformational leadership style and collaborating strategy and also between transactional leadership style
and collaborating / compromising strategies (29).
On the other hand, Stanley (2004) and Steffensen
(2005) in their research about university managers did not find any significant correlation between
transactional and transformational leadership
styles and the strategies of conflict management
(26, 27). The contradictions found in these studies can be traced to temporal, spatial, conditions
or other relevant numerous factors which require
separate examination in each organization including sport teams. Based on the above-mentioned
points, the researcher decided to study the variables involved in transformational and transactional leadership styles and their relationship with
conflict management strategies of Iran footsal proleagues coaches.
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Materials and methods
Correlation coefficient study was used in this
research. The statistical population includes the
players of Iran footsal pro-leagues (major league
and super league). Super league teams included 12
teams (144 players) and the major league teams
consisted of 18 teams (216 players) which competed in 2009 matches. Out of the 360 players, 210
players were randomly selected, but only 197 subjects returned the fully-completed questionnaires.
The predictor variables in this research were the
coaches’ transactional and transformational leadership styles and the dependent variables were the
coaches’ conflict management strategies. To do so,
the following two instruments were used:
Multifactor Leadership Questionnaire (Bass,
1996) consisting of 9 factors (micro-scale) and
41 closed-ended questions of Likert-type scale.
In this questionnaire, transformational leadership
style contains five micro-scales namely: charisma,
idealized behavior, intellectual stimulation, and
personal considerations. Transactional leadership
style consists of three micro-scales including: contingency reward, active management by exception and inactive management by exception. This
questionnaire has a third dimension of leadership
called laissez-faire leadership. Organization Communication Conflict Instrument (OCCI) (Putnam,
1991) which was originally developed by Thomas
(1976) and revised by Putnam (1991) contains 30
closed-ended Likert-type scale questions measuring the five strategies of conflict management of
collaborating, compromising, avoiding, accommodating and competing. The OCCI and MLQ instruments were validated and their reliability and
validity determined. Bessai (1995) has approved
the reliability and validity of MLQ Instrument in
his research (4, 8). Thomas (1976) maintains that
OCCI has been designed in such a way that social
and ethnical differences have the minimum impact on it (26). Nikjou (2003) and Taheri (2007),
two Iranian researchers, have confirmed the reliability and validity of these two instruments (1,
10). However, in this research, in a pilot study
in which 30 players of the national minor footsal
league teams took part, the validity and reliability
of these two instruments were further established.
The views and comments of 12 well-known indi2010

viduals in the fields of management and physical
education management were also used for analysis of the reliability factor. Test-retest method and
inter-reliability were deployed to control the instruments’ reliability. Time-reliability by means
of test-retest turned out to be 0.79% and 0.76%
for MLQ and OCCI respectively. Running Alpha
Cronbach for MLQ and OCCI found an inter reliability of (0.86) and (0/84) respectively.
To arrange, summarize and describe the data
of this research, descriptive statistics (mean, frequency, SD, and different types of tables) and for
inferential statistics univariate and multivariate
regression were used to establish the relationship
between the variables.
Results
The results obtained from the testing of the research hypotheses indicating a predictive power for
conflict management strategies through coaches’
leadership styles which is presented in table (1).
The results of table (1) show that there is a positive significant relationship between transformational leadership style and collaborating strategy
whereas it has a negative significant relationship
with avoiding and competing strategies. The findings also show that transformational leadership
style with regression loadings of 0/48, -0/23 and
-0/19 can predict the collaborating, avoiding and
competing strategies respectively. Transactional
leadership style had a positive significant relationship with collaborating and competing strategies
and a negative significant relationship with avoiding strategy. The results show that transactional
leadership style with regression loadings of 0/19,
0/29 and -0/19 can predict collaborating, competing, and avoiding strategies respectively. The findings also show that laissez-faire leadership style
has negative significant relationship with collaborating and competing strategies and positive significant relationship with avoiding strategy. The
data show that laissez-faire leadership style with
regression loadings of -0/17, -0/15 and 0/47 can
predict the collaborating, competing and avoiding
strategies respectively.
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Table 1. Regression coefficients related to conflict management strategies through transformational,
transactional & laissez-faire leadership styles
Independent variable
Collaborating
strategy

Compromising
strategy

Avoiding
Strategy

Accommodating
Strategy

Competing
Strategy

Dependent variable

B

t

Significant level

transformational
leadership style

b

0.18

0.48

6.45

0.001

Transactional
leadership style

0.09

0.19

2.61

0.01

laissez-faire leadership
style

-0.14

-0.17

-2.37

0.019

transformational
leadership style

-0.24

-0.44

-5.15

0.001

Transactional
leadership style

-0.07

-0.10

-1.19

0.233

laissez-faire leadership
style

0.00

0.00

-.03

0.973

transformational
leadership style

-0.10

-0.23

-2.72

0.007

Transactional
leadership style

-0.10

-0.19

-2.17

0.031

laissez-faire leadership
style

0.42

0.47

7.46

0.001

transformational
leadership style

-0.06

-0.21

-2.32

0.022

Transactional
leadership style

0.02

0.06

0.72

0.469

laissez-faire leadership
style

0.18

0.27

3.99

0.001

transformational
leadership style

-0.08

-0.19

-2.01

0.046

Transactional
leadership style

0.15

0.29

3.08

0.002

laissez-faire leadership
style

-0.15

-0.15

-2.10

0.037

Discussion
Since no such research has been done on sports
organizations and teams, therefore the results of this
research and few other research conducted on nonsport organizations, are discussed below. According to the findings of this research, it is possible to
predict the conflict management strategies through
transformational leadership styles. The results show
that the transformational leadership style has positive relationship with collaborating strategy and
negative relationship with compromising, avoiding,
accommodating and competing strategies. Warren
(2004) in his research on church managers concluded that there is only a significant correlation between
transformational leadership style and collaborating
strategy whereas there is no significant relationship
between transformational leadership style with
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compromising, avoiding, accommodating and competing strategies (29). Stanley (2004) and Steffensen
(2005) in their research about university managers
did not find any significant correlation between
transformational leadership styles and conflict management strategies (26, 27). According to Bass pattern, transformational leadership is based on emotional and personal relations between the leader and
his subordinates. And it focuses on the stimulation
and encouragement of the followers to obtain extraordinary performance. According to the results of
this research, the transformational leaders in conflict
management are not capable of giving in even a part
of their own / followers’ demands (compromising),
they are not indifferent to their own / followers’ demands (avoiding), they do not give up their own /
followers’ demands (accommodating), they do not
impose their demands on others (competing), they
2010

technics technologies education management

would rather pay utmost attention to their own / followers’ demands simultaneously (Collaborating).
The findings of this research show that transactional leadership is capable of predicting some strategies of the conflict management. Warren (2004)
in his research found a positive significant correlation between transactional leadership style and collaborating and compromising strategies (29). Stanley (2004) and Steffensen (2005) in their research
did not report any significant correlation between
transactional leadership style and conflict management strategies (26, 27). According to Bass pattern,
transactional leadership is based on interactions between the leader and his subordinates and the leader
believes in contingency rewards to increase the motivation of his followers. Since in collaborating strategy, the interests of both parties involved in conflict
are served, therefore by giving contingency rewards,
a transactional leader helps his subordinates to get
their demands and they in return fulfill the leader’s
wishes and goals. Therefore, transactional leadership
style can have a positive relationship with collaborating strategy. One of the micro-scales of transactional
leadership style is active management by exception
in which by emphasizing the standards, a transactional leader monitors his subordinates’ acts and
does not accept the deviations from standards. Perhaps one of the factors which cause a transactional
leader to pay attention to his interests and imposes
it on his subordinates through competing strategy is
the active management by exception. Transactional
leaders are not indifferent to their own demands and
goals, whereas avoiding strategy does not fulfill either party’s interests. Therefore, transactional leadership can have a negation correlation with avoiding
strategy. The results of this research and the findings of Stanley (2004) and Steffensen (2005) did
not show any significant correlation between transactional leadership style with compromising and accommodating strategies. Meanwhile, Warren (2005)
has reported a positive correlation for compromising strategy. The effectiveness of compromising and
accommodating strategies can be different under
different circumstances (24). Perhaps one cause of
contradictory results can be attributed to this factor.
On the other hand, since a transactional leader negotiates with his subordinates, and in compromising
strategy, each side of the involved parties in a conflict
get a part of their interest, therefore a positive corre2010

lation between the transactional leadership style and
compromising strategy seems reasonable.
According to the findings of this research, the predicting capacity of collaborating, avoiding, compromising and competing strategies is possible through
laissez-faire leadership style. The findings show that
laissez-faire leadership style has negative relationship with collaborating and competing strategies, it
has positive relationship with accommodating and
avoiding strategies and it has no significant correlation with compromising strategy. Similar research
have not reported any significant correlation between
laissez-faire leadership style with the strategies of
conflict management (27, 26, 29). According to Bass
Model, the laissez-faire leaders easily overlook the
events and are indifferent to their subordinates. In
collaborating strategy, the interests of both parties
involved in the conflict are protected while in competing strategy, one party (the leader) imposes his
demands on others. Therefore, the laissez-faire leadership can have a negative correlation with collaborating and competing strategies. In the avoiding strategy, the interests of neither party are served while in
the accommodating strategy ignores the interests of
one side (the leader). As a result, the laissez-faire
leadership style can have positive correlation with
avoiding and accommodating strategies.
In short, it can be concluded that the conflict in
sport teams in an inevitable issue which can have
positive or negative impacts on the teams’ performance. The effective and positive use of the conflicts
require effective management of the players’ conflicts. The results of this study showed that coaches’
transformational & transactional leadership styles
has a positive correlation with the effective management of the players’ conflicts and this relationship
for transformational leadership style was stronger.
At the same time, the laissez-faire leadership style
had a negative correlation with the players’ effective
conflict management. Therefore, it is recommended
that coaches use active leadership styles (transformational and transactional) with more emphasis on
transformational leadership style in conflict management and ignore laissez-faire leadership style. Finally, considering the inevitability of conflicts in sport
teams and the information deficiency in this regard,
it is suggested that more studies be conducted on the
effective conflict management and its relevant factors including leadership styles.
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Abstract
The paper describes the importance of clusters
as a factor to achieve the competitive advantages
of companies in Serbia. Clusters are groups of
companies poveznih a narrow geographic area,
thereby encouraging the development and competitiveness in local and regional level. Clusters
are one of the possible responses to the process of
globalization and uneven regional growth and development. The development of clusters in Serbia
should contribute to the competitiveness of small
and medium enterprises in the region.
Key words: small and medium enterprises,
clusters, competitiveness.
Rezime
U radu je prikazan značaj klastera kao faktora postizanja konkurentske prednosti preduzeća u
Srbiji. Klasteri predstavljaju grupe poveznih preduzeća na užem geografskom području, čime podstiču razvoj i konkurentnost na lokalnom i regionalnom nivou. Klasteri predstavljaju jedan od mogućih odgovora procesu globalizacije i neujednačenom regionalnom rastu i razvoju. Razvoj klastera u Srbiji treba da doprinese konkurentnosti malih i srednjih preduzeća u regionu.
Ključne reči: mala i srednja preduzeća, klasteri, konkurentnost.
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Introduction
The development of groups of small and medium-sized enterprises is particularly important for
achieving the objectives of regional development,
both within a national economy, as well as internationally. Because of the numerous benefits of
economic and social nature, such as economic and
technological flexibility, creating new jobs, employment of workers with specific segments such
as youth and women, the sector of small and medium enterprises is correctly referred to as a generator of development of the national economy. All
developed economies in the world owe to a great
extent the effects of their growth and development
to the group of small and medium-sized enterprises (SMEs). Connecting these enterprises creates
significant opportunities for participation in the international market and the establishment of brands
of national importance. The importance of these
groups is emphasized by the fact that the European Union adopted the European Charter for SMEs,
aimed at promoting the development of small and
medium enterprises in the EU market, especially
as a guide for countries in transition to join the EU.
Reducing the average size of the company causes
the necessity of different forms of connectivity
and cooperation of enterprises that perform in the
international market in the function of achieving
synergy. One of the most important forms of connectivity are clusters of SMEs. Connecting SMEs
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in the cluster organization is especially important
for companies in transition countries, where they
create the conditions for improving competitiveness in the international framework. In Serbia, 25
clusters currently operate.
2. The role of small and medium
enterprises in modern business

––

––

2.1. The concept and characteristics of 		
small and medium-sized enterprises
The shift from large companies to mediumsized ones , which are the focus of the economy,
is a radical shift in the trend that has ruled the
developed countries more for than a century [1].
According to Drucker, each company has become
world-competitive, even if it produces or sells
only in the local or regional market. Competition
is no longer local, in fact, it recognises no boundaries to the boundaries [2].
According to the criteria of the EU, SMEs are
defined as follows:
–– The medium enterprise means a company
with up that has 250 employees, which is not
part of any larger organization or a part of a
chain, which has an annual turnover of less
than 50 million euros, or with the balance
sheet of less than 43 million euros (with
the guarantee of independence to the extent
allowing the concerns the have a maximum
of 25% of the company)
–– The small company means a company to 50
employees, up to 10 million euros of annual
turnover and the balance sheet of up to 10
million euros
–– The micro-enterprise means a company of
up to 10 employees, which has an annual
turnover of less than 2 million [3].
As the basic characteristics of small and medium-sized enterprises, according to some theories,
the following can be listed :
–– Small size, which varies with certan
nuances,
–– Centralization of management, starting
from a personalized (the owner is also the
manager) and leading to a strong role of one
650

––

––

person (general manager) in medium-sized
enterprises,
Weak specialization at the level of
management as well thet of as the conduct
of activities, because all functions are
concentrated, and only in the processes of
enlarging and developing the activities of all
the factors, there is a particular specialism,
Intuitive and a formalized strategy of
conducting business-as opposed to big
companies, which have a relatively precise
and defined plans and programs, the SME
owner-manager is close enough to the direct
jobs and close to the employed staff and
workers that he can adapt the strategy and
operations ad hoc,
Simple and flexible internal communication
and information, based on almost daily
dialogue, as opposed to that of large
companies, based on formalized and written
documents,
A simple system of external information
and communication, which is based on
more frequent contacts with suppliers and
customers, the establishment of needs,
desires and possibilities [4].

2.2. The role of small and medium 		
enterprises in today’s economy
Small and medium enterprises enable the development of entrepreneurial climate, which is
a prerequisite for progress in the modern world
economy. The main role of entrepreneurship in
the modern economy is reflected in the innovative
activity that creates the conditions for technological development, the establishment of flexible organizations and new jobs. Innovative ability and
willingness to work and innovative thinking is
a key element of not only SMEs, but the entire
economy. The reason why an innovative approach
to business is an advantage to SMEs, is the fact
that due to the flexibility and capacity for risk-taking, SMEs can easily detect changes made and to
use them, thus creating business success.
The development of SME grouping is one of
the central issues of development of each economy. Some of the developed countries in the world
2010
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owe their success to the very MSPA sector, as evidenced by the following data:
–– In the European Union over 350 thousand
new companies (2.5 to 3.0% growth) are
annually established, approximately 70% of
all firms are micro businesses that employ
about 27% of all employees,
–– On the European market the SME group
employs more than 100 million people
–– In European countries and the U.S. the
whole regions with economy based mainly
on small and medium enterprises are formed
(Italy: Venice, Venezia Giulia, EmiliaRomana, FRG: Porurje, Baden Wittenberg,
Bavaria, USA: California). These regions
have progressed faster than the average
national economy [5].
2.3. SMEs in Serbia
According to the official data of the Republic
of Serbia in 2001 there were 65 115 active companies, an increase by 4563 compared to the year
2000 of the total number of companies small businesses are represented by 61,248 or 94.1%, while
the medium-sized ones are represented by 2737
respectively 4.2% and large companies with 1130
and 1.7% [6].
According to the report of the Republic Agency
for SME Development for 2006, although the pace
of growth and development of the SME sector still
lags behind the needs of faster economic prosperity and increasing employment, its increasing
contibulion to the overall economic activities in
Serbia is undoubted. This sector takes precedence
almost every aspect of business. [7].
In the Republic of Serbia SMEs participat in
the total number of enterprises with 99.8%, with
65.5% in employment, with 67.6% in turnover,
with about 36% of the gross domestic product .In
the total export , the SMEs sector accounts for
50.2 % in the total imports for 64% and for 51.2%
in investments in the non-financial sector. Micro
enterprises dominate the SME sector with the participation of 95% of the total and employ almost
50% of the total number of employees [8].
For further development of the developing
business environment it is necessary to create in2010

stitutions that can improve work of SME. In this
regard, it is necessary to support the construction
of the following institutions:
–– Business incubators,
–– Business and technology parks and
–– Clusters.
For the realization of these institutions the cooperation of public, private sector and associations
of private owners of capital is necessary in order
to create adequate system support to promote the
development of SMEs.
The realization of the strategic plan to support
SME development and entrepreneurship assumes
the security of [9]:
–– Adequate business environment and an
appropriate legal framework;
–– Non-financial institutions to provide the
best business services designed to market
demands, and adapted to the needs of existing
and potential SMEs and entrepreneurs;
–– Financial institutions that will facilitate the
establishment of new SMEs and growth of
new activities of existing SMEs;
–– An educational system that will allow the
acquisition of modern knowledge and the
adoption of entrepreneurial culture and
–– Special programs which will raise the level
of effective use of resources and enable
creating new profit entites.
In addition to actins of the Government of the
Republic of Serbia in order to create the general conditions and support to the development of
SMEs. The work of the local government is crucial
for the development of SMEs. Local government
bodies in municipalities and cities need to perform
an important role in encouraging the development
and protection of SMEs. They should provide all
the necessary prerequisites for the establishment
of new and stimulating growth and development
of existing SMEs.
The chronic lack of funds in the domestic market is currently a serious problem faced by SMEs,
especially come into play in the light of global
economic crisis. Incapability to find free financial
resources for investment in the development is a
problem for the majority of the domestic economy, especially affecting the SME group. Proper
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functioning of financial markets course would significantly affect the faster adoption of the concept
of quality by the group of SMEs, as well as the application of modern concepts in the area of quality
improving. The lack of funding can partially be
compensated by certain credit lines from abroad,
which are increasingly. In the first half of 2009,
the European Bank for Reconstruction and Development shifted about 250 million Euros for the
development of SMEs in the Republic of Serbia,
which is relatively insufficient.
The United Nations, through its agencies also
help the development of entrepreneurship and sectors SME. One of these organizations is the UNIDO the United Nations Industrial Development
Organization. The UNIDO’s mission is assisting
countries in securing sustainable development
- industrial growth provides for economic development, which improves development of institutional mechanisms that create conditions for social
development. To achieve sustainable industrial
development is not an easy task. The sustainable
industrial development includes the establishment
of equilibrium of the [10]: economy-environmentemployed. The concept of “3E” Economy, Enviromment, Emloyment, is the basic policy of the
organization’s approach to the global dimension is
determined level. The economic aspect is determined by promotion of investment, tehnologypromotion as well as by the struggle to improve the
quality and productivity. Productive employment
in relation to the concept primarily implies stimulating the development of small business.
3. Clusters and development of
competitiveness of SME in Serbia
3.1. The necessity and importance of 		
linking enterprise
In the last 15 years there has been a noticeable
breakthrough of the SME sector to international
markets, particularly those coming from developed countries. According to Drucker [1], there is
an increasing trend for enterprises to integrate into
the global economy through business alliances,
and the reasons thet have contributed to this the
following:
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–– Many mid-sized companies, and even small
ones will need to become active within the
world economy,
–– Financially speaking, only the Japanese can
afford multinational companies,
–– Technology and markets are changing
rapidly, integrate, intersect and overlap.
Business associations, of organizations are
becoming a reality of the global economy and a
successful performance in the global market. Associations and partnerships are increasingly important due to the fact they are that the imperative
of global markets where enterprises continuously
have to increase productivity and continuously
generate innovation.
Reducing the average size of the company
causes the necessity of different connections and
cooperation among companies that are present at
the international alliance or market.Formation of
alliances is necessary not only for SMEs, but also
for large enterprises. SME achieve this through a
variety of alliances based on common interests,
such as a the joint venture agreement, association
for achieving innovation, common presence in the
market, cross-licensing. Most frequent common
objectives for which the clusters are formed can
be divided into 6 segments [11]:
–– Research and development of the network
- creating a network within the cluster and
between clusters (production of database
of businesses, regular tours, directory of
suppliers and service providers, web page,
monthly information on topics of the
industry and environment, periodical, etc.).
–– Training and education - analysis of the
needs for specific training, organization
of training, regular meetings to exchange
business experience and contacts, and so on.
–– Business cooperation - to initiation
and supporting projects of cooperation
between companies, educational and R & I
institutions, linking with the funds to finance
innovative projects.
–– Impact on politics - lobbying and creating
a dialogue of industry, scientific community
and the government.
–– Innovation and Technology - facilitating the
process of innovation, monitoring trends,
2010
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diffusion of new knowledge and introduction
of quality standards, improvement of
technological processes.
–– The growth of clusters - the strengthening
of regional identity, building national
and international reputation, promoting
investment - domestic and foreign.
Thanks to mutual cooperation, access to specialized institutions and data, and rapid exchange
of information, knowledge and experience of
staff and management, enterprises of cluster can
achieve better results and those activities which
individually they are not able to. For example,
[12] they can achieve much greater productivity and innovation, greater cost savings through
joint procurement of materials and components,
joint training of personnel, training, development,
design and branding of new products in order to
increase the market price and the level of competitiveness in the global market. Connecting companies in the same or similar industrial sectors located in one place in the same area allows companies
and the cluster as a whole to achieve the effects
of economies of scale. In addition, the companies
associated in the cluster can achieve a greater impact on those who implement economic policy
and government bodies (central, regional and local) so that they accept their proposed measures to
increase efficiency, promote development and increase the level of competitiveness in the domestic
and international markets. They can also provide
easier communication and cooperation with large
companies and others. Precisely, in practice of
the most developed countries, the development
of industrial clusters of small and medium-sized
enterprises was achieved with the help and for the
needs of large transnational companies.
According to Porter, it is productivity, not the
export of natural resources, that determine, the
prosperity of a country or nation [13]. Also, according to the author, the root of the competitiveness of companies lies in the very nature of the
environment in which they operate. [14], and one
of the ways to encourage the development and
quality of local environment, and productivity of
enterprises is clusters.
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3.1. Defining clusters
One of the most important forms of connectivity is clusters of SMEs. Clusters are very different
in terms of competitive position and innovative activities. The cluster is a form of strategic alliances,
ie. group of related companies or associations of
producers in one industry, including manufacturers of raw materials, as well as governmental and
non-governmental organizations and scientific
and educational institutions which united in such a
way resolve common problems and by improving
business, achieve success in a particular segment
of the business and above average competitiveness
and promotion both in the country and abroad.
Economic map of the world is said to be characterized many, as Porter refers to them, clusters - a
critical mass of companies, institutions, universities and government institutions in a concentrated
geographic area. The key advantage of the cluster
lies in the multidimensioned vicinity of these actors this is not just about geography, but also the
cultural and institutional vicinity and compliance.
Thus clusters get opportunity to develop their specific mix of competitive advantage, based on locally developed knowledge, interpersonal relationships, cultural heritage and other local features [15].
According to Porter, strong competitive advantages in the global economy lie mostly in local things
- knowledge, relationships, motivation - differences
that competitors cannot copy easily, and which can
best be developed through the clusters. The definition of clusters it self emphasises the importance
of local environment, relationships between members and geographic limitations, despite the growing process of globalization and rapid development
of all the so-called virtual economy. One of Porter
short definitions is that a critical mass of clusters
of companies and institutions in one place is of an
unusual competitive success in certain fields [13].
As a form of geographically bounded concentration
of similar or complementary businesses and related
institutions, clusters are characterized by cooperation and trust among members, active channels for
business transactions and communications, creating
joint products and / or services or joint addressing
some needs or objectives, thus enhancing the competitiveness of cluster members as well as a region
or state. In the defining of the concept of cluster it
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should be added that clusters influence the competitiveness of enterprises, and thus of the region and
the national economy in three ways: by increasing
the productivity of companies based in the cluster,
management and direction of innovation, encouraging future growth of production and encouraging
beginning new activities that extend and strengthen
the cluster itself.
Clusters can be defined as contemporary models of networking companies forming chains of
cooperation on the basis of production cooperation, trade (goods and technology) and services, in
the development of SMEs is initiated in a flexible
way [16]. Clusters are groups of linked companies
by in a narrow geographical area, thereby encouraging the development and competitiveness in local and regional level.
Successful clusters are mostly a combination
of three types of companies that complement each
other [17]:
–– Companies of significant market and technological force that act on an international basis,
–– Suppliers and subcontractors, most of which
are small and medium enterprises,
–– Very innovative and dynamic professional
institutions, which are based on new
knowledge (npr. research institutes, institutions of vocational education ..).
Clusters are an instrument for further development of existing regional relationships with entrepreneurial adventages. They are not appropriate
for short-term resolution of structural shortcoming. Some of barriers to cluster and co-operation
are [17]:
–– Small matching structure and business
culture of partner companies,
–– Lack of legal relations of financial
opportunities for cooperation,
–– Lack of entrepreneurial spirit and expertise,
–– Low level of confidence in the cooperation
partners and other institutions involved
(lack of corporate-culture)
–– Lack of appropriate knowledge of partners
–– Not including an associate partner in the
network,
–– The lack of informal connections,
–– Unclear or unrealistic expectations within
the co-operation.
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3.2. Clusters and Competitiveness of SMEs
in Serbia
As important factors for the formation of the
cluster, the following are stated [18]:
–– A strong scientific and research base (leading
research organizations, critical mass of
researchers, the world’s leading scientists);
–– Entrepreneurial
culture
(spreading
awareness about entrepreneurship in
secondary schools, universities and research
institutes, the business models of behavior
and recognition of the role of entrepreneurs
as well as overcoming the problem of
extension of the family business by the
second and third generation entrepreneurs);
–– The growth of the, SME basis in specific
industries and groups (the existence of
a sufficient number or a critical mass of
business start ups, developing companies
and mature companies that represent
models);
–– Ability of the cluster (and incubator) to
attract key workers and professionals (which
depends on the reputation, specific, and their
location which provides an attractive place
for the life of managers and workers);
–– Available office space and built
infrastructure;
–– Access to external sources of financing;
–– Business support services and large
companies-donors (specialized consultants
for business, legal, thinner, patents,
employment and property; large companies
in related sectors);
–– Knowledge and skills (skilled labor,
education-training courses at all levels);
–– Effectively linking SMEs to the network (a
common aspiration of enterprises to connect
to the cluster, using common equipment and
infrastructure, frequent mutual cooperation,
the existence of regional trade associations
and business associations);
–– Policy of support from the environment
(national and sectoral innovation support
policies, stimulating fiscal and legal
environment, support from economic
development agencies, etc.)..
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Development Strategy of competitiveness and
innovation of SMEs for the period 2008-2013. positions clusters as an instrument to increase competitiveness in foreign markets [8]. There are 25
clusters currently operating in Serbia.According
to the 2008 data there were 22 clusters operating,
14 of which obtained assistance from the StateMinistry of Economy and Regional Development
has provided a 52 million grant for the establishment and development of the clusters 31 million
of which was provided from the budget and 21
million has been donated by Norway. Of the 22
clusters only two are nationalthe car industry cluster and the wood cluster, while the other 19 are
regional. Clusters are established as associations
of citizens [19].
According to a public for the cluster development program in Serbia [20], the public announcement for the award of assistance from the program
on schedule and use of funds designated for cluster
development in 2009, five applications of second
phase and ten of first phase clusters were eliminated For failing to meet the formal requirements of
the public tender, 14 apphcations werw reviewed
and evaluated, nine of which by second phase and
five of first phase clusters and, in accordance with
the criteria set out in the Public announcement and
Ad documentation decided on the co-financing of
the following projects:
The first stage / the newly established clusters:
–– Textile Association “Asstex”
–– Embedded cluster - Fund for the
development of industry competitiveness
electronic integrated systems
–– Cluster of Serbian Film Association
–– Phoenix Serbian aviation industry cluster
–– The second phase / existing clusters:
–– Organization for the promotion of hotels
and restaurant Serbia-HGC
–– Travel fund micro-cluster Subotica-Palic
–– Business association cluster of processors
and producers of plastic packaging Subotica
–– Automotive Cluster Serbia
–– Cluster of producers flowers - the Flower of
Šumadijski
–– Agency for Wood, Wood Processing Cluster
–– Cluster Bipom, small agricultural machinery
–– Serbian Software Cluster
–– Tourism Cluster- The Kings’ Rest.
2010

In addition to the above-mentioned clusters of
Serbia there are also the following ones:
–– Galenit cluster for the collection and
recycling of exhausted batteries and
accumulators,
–– Construction cluster Dundjer Nis
–– Manufacturer of footwear cluster of
Knjaževac municipality
–– Istar 21 - association for the promotion of
cooperation and development of tourism in
the Danube basin,
–– Association for the Development of the
business, MCIE (Meetings, Incentives,
Conventions and Exhibitions) and
manifestacionog tourism
–– The cluster of medical tourism,
–– Tourism Cluster Srem
–– Fund-Eco Circle Cluster for collecting, packaging, processing and permanent disposal of
electronic, industrial and hazardous waste,
–– Netwood-cluster of furniture manufacturers,
–– Memos-cluster association for the promotion
of competitiveness of metal producers,
–– Alko cluster-cluster of the southern Serbian
producer of grapes, fruit, wine and brandy,
–– Pekos cluster of bakery production
In addition to large enterprises, small business
associations, chambers of commerce, financial and
legal institutions, governmental and nongovernmental institutions and organizations are included
in the initiative for the establishment and development of clusters. Cluster development programs are
based on already well-known strategies, with minor differences that are affected by various types of
support coming from the environment (tax policy,
legislation, information support, educational activities), as well as various forms of encouraging cooperation among enterprises and their associations in
the cluster network itself. Thus, the differences in
the formulation and implementation of cluster development strategies are affected by various forms
of support coming from the environment, a different level of development of regions and the level
of government involvement in this model of development of SMEs, as well as various incentives
that occur within the network. Particular attention
is given to clusters as well as new strategies of regional economy growth [21].
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The following strategies or their combinations
are usually recommended: original cluster strategy, transplanted strategies of foreign companies
and hybrid strategies. All these strategies have
their advantages and drawbacks.
–– The original strategies promote cluster
development by information support,
increased interaction among local firms,
infrastructure, adjustment and development
of the necessary labor and human resources.
–– Transplanted cluster strategies are based
on exploiting the experience and support
of foreign companies or major suppliers
and other companies in the business
environment. These strategies often use
combined effects of foreign investors and
domestic local firms.
–– Hybrid strategies are based on a
combination of the two previous strategies,
on the successful use of the experience and
financial support to foreign investors and
the advantages of the local and national
companies. Successfully bringing together
foreign and local partners often makes the
basis of the development of clusters [16].
A good prerequisite for the development of the
concept of regional clusters is the compatibility of
domestic economy with the economies of neighboring countries, as well as some EU countries,
Italy, Greece and southeastern markets-Hungary,
the Czech Republic, Slovakia.
Some of the recommendations of OECD for
the development of cluster strategies that we need
to do are to make use of the cluster map to identify
the local and regional competitive advantage
–– It is necessary to support clusters so that they
can affect competitiveness and innovation it
companies themselves.
–– In order to encourage local development and
strengthening of SMEs, it is necessary to
use clusters. [22]. This recommendation can
be achieved if the very concept of clusters
is used in the function of local development
and support to SMEs through the creation
of new jobs and alike.It is also important
to integrate the concept of clusters within
the national strategy of attracting direct
foreign investments. A good example of this
656

is given by Sweden and Finland which have
been successful in attracting investments
that are based on the strategy of promoting
and developing of characteristics of cluster
in specific industrial sectors.
Based on the positive experiences of developed
countries, clusters are formed in several steps and
stages [23]. In the first step the impact of certain
industries to economic growth, determining the
major industries (star industry) that have the greatest impact on economic growth and development
is measured. In the second step the leading industries of the future clusters in the domestic and international markets are positionedThe companies
activited are then monitored and the star company
determined while the fourth step selects the strategy of creating a network.
The selection and formation of clusters and,
subsequently, the creation of a network is implemented in two phases. In the first phase to form
a multidisciplinary team of experts, who should
do the plan and program of work to do objekitvni and professional monitoring, ie. to record the
leading companies, their suppliers and customers,
and achieved record level transformation and resources (equipment-utilization of capacity, raw
materials, number and structure of skilled labor),
to analyze the domestic and foreign markets, supplier and customer requirements, defining product quality and competitive benefits, etc.). In the
second phase to form a multidisciplinary team
of experts who will create a cluster development
project (the first supply chain, the second and so
on. Up to a level that is essential for the cluster),
and provide logistics (education, scientific research and financial institutions) and the support
of the state, investment study to develop a detailed
techno-economic and benefit-cost analysis and detailed analysis of the impact of clusters on the development of the region and the overall economic
development, and to form teams of managers to
manage cluster. Further steps in the development
of clusters of managers can take their own clusters, independently or jointly with a multidisciplinary team of specialists.
Ministry of Economy and Regional Development, Department for the improvement of competitiveness is prepared and implemented a multi2010
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year program for the development of clusters,
whose implementation is planned in the period
since 2006. 2011. , and takes place in stages [11].:
–– The first phase (late 2005th and 2006th
year) is the phase of preparation and the
establishment of clusters - so called. The
pilot phase of the project,
–– Other (2007th year) was aimed at the
stabilization and growth of clusters,
–– Third (2008.) Is focused on strengthening the
operational capacity and commercialization
of existing clusters,
–– A fourth (from 2009.) Is the phase of
sustainability - to connect with international
business relationship, a joint innovative
projects, etc..
Program in 2008. year is based on experiences
and results of the Pilot Project for the development
of clusters, as well as an incentive program for
cluster development in 2007. year. The program
will encourage economic development, growth,
employment and export subsidies for connecting
business, research and development institutions
and business associations on the principle of the
cluster. Clusters can be established at regional, national and transboundary levels.
The Ministry does not define in which areas
should be developed clusters, does not determine
the strategy, rules, form of organization and process management cluster. That leaves the participants themselves. Ministry, the measures set forth
in this Program, provides the realization of the
goals of development clusters.
Arrange funding support to the development of
clusters based on the selection of the best projects
that compete with commercial entities on public
ad that announces the Ministry. The means of support are non-refundable and is intended for co-financing 50% of the costs and activities [11].:
–– Start initiatives to connect
–– The concept of clusters (first stage)
–– The work of clusters in the initial period
–– Organized labor (second stage)
–– Growth and commercialization of the cluster
(second stage).

clarative, but also contribute substantially to create conditions for the development of clusters.
Here, above all, think of: creating a stable macroeconomic environment, the development of
transport and market infrastructure development
istraživačkorazvojnih institutions, professional
consulting, knowledge base, development of institutions for standardization and quality, credit and
insurance must sl.Država financially to support
the establishment of new cluster.
Conclusion
Economic progress and development of the
Republic of Serbia demands the development of
a competitive economy based on knowledge, new
technologies and inovations. Because achieve this
goal, the enterprise is expected an important contribution to the economic and social development.
Chronic lack of funds in the domestic marks for
now is a serious problem faced by SMEs, especially come into play in terms of the global economic crisis. The inability to find free financial
resources for investment in the development of
a problem for nejveći part of the domestic economy, especially SMEs tangira group. Small and
medium enterprises if they want to survive in the
global market have to join the cluster basis. Domestic companies if they want to improve your
not-so-enviable competitive position relative to
competitors, they have to stick to a market basis.
Entrepreneurs need to improve the productivity of
their knowledge and inplementiraju modern techniques of management in your organization. Just
clusters will help in this. It is also required greater
encouragement of the state, chambers of commerce and other business associations that would
suggest the benefits of a regional association. It is
necessary to create institutions that can work to
promote SMEs, such as business incubators, business and technology parks and clusters.

One way to be successful clusters appear in
the Serbian economy, is that the state is not de2010
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IN MEMORIAM
PROF. DR OSMAN MUFTIC
(1934-2010)
Prof.dr. Osman Muftić, professor emeritus from Zagreb, died on July 27th 2010.
He was born in 1934 in Sarajevo and finished gymnasium in Zagreb.
In the year 1952 he graduated on Faculty of Mechanical Engineering and Ship-construction (FSB)
in Zagreb. He also earned his master’s degree in the year 1962 as well as his PhD degree on the same
Faculty. In the year 1976 he earned his professors title.
In the year 1990 he became dean of mentioned Faculty and after the first general elections in Croatia
he became the first Minister of Science, Technology and Informatics (from 1990 to 1991).
Since 1993 he was a member of Croatian Technical science Academy.
He taught mechanics and hardness science, mechanism theory, biomechanics, robotics and manipulators, airplane construction and gyroscope theory. Apart from teaching on FSB, he conducted graduate
and postgraduate studies on Faculty of Electrical Engineering, Medical Faculty and Faculty of Technology as well on Faculty of Graphic Design where he was named as the first dean.
He was teaching on several world universities of Europe, Asia, America and Africa.
He was favorite as professor, his lectures usually ended with ovations of his students. Scientific specter of professor Osman Muftić includes researches from dynamics, especially in robotics, biomechanics
and ergonomic through analysis of robot motion or men.
He was author or coauthor in more than 150 scientific papers. Also he is author of 4 books and coauthor in 5 books.
He was rewarded with scientific reward NIKOLA TESLA in 1989, Krambergs medal for anthropology 1991 and states reward for life’s work 2000.
His cooperation with medical and other faculties has given huge contribution to biomechanics in
orthopedic, anatomy, physiology and ergonomics for what he was named the father of bio-mechanics.
He was one of the first members and founders of scientific journals in Bosnia and Herzegovina
(TTEM and Healthmed).
We will remember this professor through his professionalism and deep knowledge he shared with
his close cooperatives and young colleges as well as his honesty, cheerfulness and warmth of his smile.
Editorial Board
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