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New High Head Leaf Gate Form with Smooth 
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Abstract – This paper presents new smooth 

upstream face high head gate form that heavily reduces 
hydrodynamic forces in conjunction to a total absence 
of uplift (negative downpull) forces.  

The research work at the Institute of Hydraulic 
Engineering investigated techniques to reduce the 
hydrodynamic load on high head gates. Task was 
achieved with the new smooth upstream high head leaf 
gate; improved safety for the hydro-machinery 
equipment and also for concerned parts of the whole 
project, while minimizing costs. 

Keywords – Downpull, high-head gate, hydraulic 
model. 

 
 
1. Introduction 

As leaf gates are situated at bottom outlets or at 
turbine inlets. They allow emergency closure of 
water conducts or regulation of flow. Those gates can 
be used for regulation for heads up to 50 m or as 
service gates for heads of 150 m or higher  

Modern practice is for slide gates to be operated by 
hydraulic cylinder hoists. Double hoist-rod types can 
suffer damage inherent in some high head gates 
operations. And poor function of the gate may lead to 
failure of surrounding structure. Robertson, R.A. and 
Ball, J.W. (1971) and Sagar (1970)[9] emphasize that 
the evaluation of hydrodynamic forces is of vital 
importance. These forces can cause serious operating 
problems including non-closure of the gates or 
catapulting effect. The main factor, which influences 
the dimensioning of the hoist hydraulic equipment, is 
beside the dead load, the vertical hydrodynamic 
load[8][9][11][12]. 

Up-to-date research done in many Hydraulic 
Laboratories Vienna, Karlsruhe and Iowa 
Grzywienski (1959) [1], Naudascher (1986) [3,5,6] 
[7], Sagar (1974) [9,10,15], Kienberger (1999) [2], 
Thang (1990)[4], studied the influence of different 
gate lips and wet well geometries on the magnitude of 
the gate hoist force.  

The paper presents new smooth upstream face 
high head gate type that heavily reduces 
hydrodynamic forces in conjunction to a total absence 
of uplift (negative downpull) forces. 

2. Research Goals 

Many experiments were carried out in order to enable 
an economic dimensioning of hoist hydraulic and to 
reduce the hydrodynamic load effect. The research 
work at the Institute of Hydraulic Engineering 
investigated techniques to reduce the hydrodynamic 
load on high head gates. Task was achieved; 
improved safety for the hydro-machinery equipment 
and also for concerned parts of the whole project, 
while minimizing costs.  

In addition, more safety by modernization and 
rehabilitation of large hydropower equipment is 
achieved. 

The aim of the experiments, presented in this paper, 
was the analysis of the influence of the new smooth 
upstream face high head gate form on the magnitude 
of the hoist forces.  
 

3. Methods 

The method implemented in this paper is 
experimental. Model studies are hands on 
engineering. Observations of flow patterns provide 
immediate information about design flaws. The 
subject of the study was the three-dimensional 
analysis of the interaction between the leaf gate and 
the fluid.  

The experiments may be conducted in water or an 
air tunnel. The experiments in water tunnel have 
following advantages: 

• Concentrated pressure and velocity zones may be 
better identified; 

• A better visual observation of the gate –fluid 
interaction; 

• Data of the experiments and of the calculation 
are simpler to compare; 

• Reproduction of free surface outflow in the 
model. 

The dimensions of the model correspond to the 
scale of modeling for the lengths of 1:25 (for forces 
1:15625). The schematic representation of the entire 
model and the model measuring and management 
equipment is given in the Figure 1.  
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The model consists of: 

• Water reservoir which provides the same water 
head for all leaf gate opening ratios (the same 
water level in the reservoir).   

• The inlet tunnel of the 20 x 20 cm is equivalent 
to 5.0 x 5.0 m of the prototype. It provides the 
unobstructed approach flow from the reservoir.  

• Fixed wheel leaf gate, rectangular, 222.4 mm 
wide, 207.6 mm high, and 50 mm thick, with the 
gate lip inclination of 30°. The leaf gate transfers 

the loads on the well wall. The sealing face is on 
the downstream side.  

• Wet well in which the gate moves is 250 x 615 
mm in the cross-section and 2.2 m high. 

• Outlet tunnel, with dimensions 20 x 20 cm, 
which corresponds to the prototype of 5.0 x 5.0 
m, equipped with aeration pipe which aerate the 
region downstream from the gate.  

 
Figure 1 Scheme of the model 

 

Measuring equipment  
The servo motor is located on the structure above 

the well, and it lifts and lowers the gate by two bars. 
This solution prevents the danger that the gate rotates 
normally to the tunnel axis, during its movement, 
producing the movement which is not absolutely 
vertical. In this case, the additional friction forces 
would occur in the wheels of the gate. Measuring of 
the gate hoist force is obtained by two dynamometers 
connected to the each gate driving bars. 

The level of the water head in the reservoir, the 
pressures in the tunnel in front of the gate, under the 
gate and behind the gate and pressures in the wet well 
walls are measured by the piezometric cells[14].  

Leaf gate models 
The leaf gate models, the tunnel and the wet wall 

are made of Plexiglas. The fixed wheels are installed 
on them. The special attention was paid to the 
accurate manufacturing, so that the possible 
geometrical inaccuracy of all the elements of the gate 
wet well, slots and the guiding rails along which the 

gate moves could not compromise the validity of the 
obtained results.  

The model of the leaf gate was manufactured as 
the leaf gate with the smooth upstream face of 222.4 x 
207.6 x 50 mm, where measures  correspond to the 
prototype of 5.56 x 5.19 x 1.25 m. 

Types of the leaf gates 
The analyzed gates are divided into types, in order 

to facilitate the results comparison: 

• A1 type is a leaf gate 222.4 x 207.6 x 50 mm 
with smooth upstream face and bottom 
inclination of 30°; 

• A4 type is a leaf gate 222.4 x 207.6 x 50 mm 
with smooth upstream face and 40% perforation 
(quadratic in cross section of the 50 x 30 mm) 
which extends from the bottom to the top of the 
gate. This perforation reduces the inertial 
momentum of all the main girders.  
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• Figure 2. 2Schematic representation of the investigated gates 

Leaf gate slots 
Testing of the leaf gates have been obtained for 

two types of the slots whose the upstream and the 
downstream edge are located in the same direction: 

• N1 denotes the type of the slot has the size; the 
slot depth is 25 mm and the width 615 mm  

• N2 type of the slot has the size: the slot depth is 
15 mm, and the width 615 mm 

Gaps between gate and downstream wall of the 
well 

The testing of the leaf gates have been obtained 
for two different gaps in the wet well. Gaps 
(distances) of the downstream face of the leaf gate 
form the downstream wall of the well, that is: 

• S1 – For the gap of 2.4 mm between the 
downstream face of the leaf gate and the 
downstream wall of the well and the distance of 
5.1 mm between the upstream face of the leaf 
gate and the upstream wall of the well.  

• S2 – for the gap of 5.1 mm between the 
downstream face of the leaf gate and the 
downstream wall of the well and the distance of 
2.4 mm between the upstream face of the leaf 
gate and the upstream wall of the well.  

Water head 
Prototype load was simulated on the model by the 

reservoir. The models of the leaf gates were tested for 
the following water heads (pressures): 

 

 

Figure 33 Cross section of the gate model 

• P1 load corresponds to the water head level of 
0.8 m or the pressure on the prototype of 20 
meters water head, 

• P2 load corresponds to the water head level of 
1.6 m or the pressure on the prototype of 40 
meters water head, 
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• P3 load corresponds to the water head level of 
2.4 m or the pressure on the prototype of 60 
meters water head, and 

• P4 load corresponds to the water head level of 
3.0 m or the pressure on the prototype of 75 
meters water head. 

Reynolds Number for Different Positions of the Gate
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              Figure 44 Diagram of Reynolds number in the model 

Model investigations 
The leaf gate models (A1,A4) were exposed to the 

pressures P1, P2 P3 and P4. The operating force in 
dynamometers of the gate lowering, lifting and at rest 
position was measured for different opening ratio of 
the leaf gate. Apart from the gate hoist force, the flow 
rate was continually measured, and on its basis the 
mean discharge rate under the gate was defined. The 
hydrostatic pressure was simultaneously measured in 
the predefined points in the outlet tunnel, in the well, 
above and under the leaf gate and in the outlet tunnel. 

Analysis of the measured force 
The measured force is the sum of the 

hydrodynamic force, the dead weight and the friction 
in the gate fixed wheels. The continually measured 
force flow during the hoisting and lowering of the 
gate for the different opening ration was presented in 
the following diagrams. 

The known hoist force component is the dead 
weight of the gate, while the relation of the friction in 
the wheel and the hydrodynamic force is the unknown 
value. For that reason, the friction in the wheels of the 
gate was experimentally defined, on the adopted 
models of the leaf gates, independently of the 
hydraulic model, using the inclined plane.  

 
 
 
 

 

Through the research of the adopted models of the 
leaf gates, the friction coefficient was measured, and 
for all the types of the adopted leaf gates results in 
μ=0.01. As the friction force is proportional to the 
force acting normally to the gate, the maximum 
friction force occurs when the gate is totally closed 
(friction force is 1% of the normal force on the leaf 
gate). With the increasing of the opening, the normal 
force acting on the gate is reduced, due to the flow, 
and the friction force reduces. As the pressure on the 
upstream face of the gate was not measured, it is not 
possible to accurately determine the friction force for 
the different positions of the gate.  

Measuring technique made not possible the 
rejection of the influence of friction force on the 
measured hoist force. However, determination of 
friction coefficient of gate wheels allowed assumption 
that grade of accuracy of hydrodynamic force 
determination due to imperfection of the model 
assembly (and not from the imperfection of the 
measuring devices) is within value of maximal 
friction force. The error is reduced with the increase 
of the opening ratio of the gate. 
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4. Results of Experiments 

For the gate type A1, gate with smooth upstream face 
and without vertical openings (Figure 5, Figure 6, 
Figure 7 and Figure 8), the maximum hoist force 
occurs in the central part of the diagram and depends 
on the value of the gate’s total pressure, on the slot 
depth, and on the distance of the gate from the wall 
of the well.  

For the gate type A4 - gate with a smooth 
upstream face and with vertical openings of 40% 
(extending from the gate bottom to the gate top) – the 
maximum hoist force occurs in the first and third 
section of the downpull curve. (Figure 9 ,Figure 10, 
Figure 11 and Figure 12).  

The maximal downpull in the model for the 
maximal water level in the reservoir of the laboratory 
(3.0 m) are given in the Table 1 (all the other levels in 
the reservoir generate lower hoist forces acting on the 
gate). The percentage of the reduction of the gate 
hoist forces, caused by the perforation, is independent 
from the reservoir level.  

 

Typ
e of 
the 
gate 

Gate 
hoist 
forc
e 
[N] 

Slot depth 25 
mm – N1 

Slot depth 15 
mm – N2 

Distance from 
the downstream 
wall of the well 

Distance from 
the downstream 
wall of the well 

S1 
(a1=2.
4 mm) 

S2 
(a1=5.
1 mm) 

S1 
(a1=2.
4 mm) 

S2 
(a1=5.
1 mm) 

A1 Max
. → 78.72 45.82 144.28 35.00 

A4 Max
. → 24.88 11.95 14.61 10.84 

Reduction 
of the hoist 
force % 

68.4 73.9 89.9 69.0 

 

Table 1.  Maximal downpull for the gate with smooth 
upstream face. 

 
Figure 5. 5 A1-N2-S1 Maximal hoist force of the leaf gate with smooth upstream and without 

perforations for the slot depth of 15 mm (a1 = 2.4 mm , a2 = 5.1 mm). 
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Figure 6. A1-N2-S2 Maximal hoist force of the leaf gate with smooth upstream and without 

perforations for the slot depth of 15 mm (a1 = 5.1 mm , a2 = 2.4 mm). 

 

 
Figure 7.  A1-N1-S2 Maximal hoist force of the leaf gate with smooth upstream and without 

perforations for the slot depth of 25 mm (a1 = 5.1 mm , a2 = 2.4 mm). 
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Figure 8.  A1-N1-S1 Maximal hoist force of the leaf gate with smooth upstream and without 

perforations for the slot depth of 25 mm (a1 = 2.4 mm , a2 = 5.1 mm). 

 

 
Figure 9. A4-N1-S1 Maximal hoist force of the leaf gate with the smooth upstream with perforations 

of 40% for the slot depth of 25 mm (a1 = 2.4 mm , a2 = 5.1 mm). 

 



      10                                                                                                                                  TEM Journal – Volume 2 / Number 1/ 2013.                                                                                                                         

 
Figure 10. A4-N2-S1  hoist force of the leaf gate with the smooth upstream with perforations of 40% 

for the slot depth of 15 mm (a1 = 2.4 mm , a2 = 5.1 mm). 

 

 
Figure 11. A4-N1-S2  hoist force of the leaf gate with the smooth upstream with perforations of 40% 

for the slot depth of 25 mm (a1 = 5.1 mm , a2 = 2.4 mm). 
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Figure 12. A4-N2-S2 hoist force of the leaf gate with the smooth upstream with perforations of 40% 

for the slot depth of 15 mm (a1 = 5.1 mm , a2 = 2.4 mm). 

 
Figure 13 Visualization of streamlines deflection 

 
5. Discussion 

The presented diagrams are not based on non-
dimensional parameters, in order to show, as 
realistically as possible, the efficiency of these 
innovative gate constructions. The non-dimensional 
representation of the results is usually given in 
respect to the total static pressure on the gate leaf. 

The results refer to gates with smooth upstream 
face and a gate lip inclination of 30°, without vertical 

openings A1 and with vertical openings A4. The 
hydrodynamic forces, measured on the model are 
shown in (Figure 5 - Figure 12) as a function of the 
gate opening ratio.  

Downpull force varies with the gate leaf position 
or gate opening and its magnitude depends on many 
factors. The values of hydrodynamic forces generated 
from hydraulic model tests, with top seal arranged on 
the downstream side and for free surface flow 
condition, is maximized for the gate opening of 35% 
to 45%. 

In the diagrams of the hydrodynamic forces three 
sections relating to the gate openings are to be 
distinguished. From the left in the first section the 
opening ratio of the gate is from 0% up to 30%, in the 
second or central section the opening ratio is between 
30% and 60%, at the third section, the opening of the 
gate opening ranges from 60% to 100%. 

The gate type A4, reduce the hoist force in relation 
to the gate type A1. The highest reduction of the hoist 
force (89.9%) was obtained from the leaf gate type 
A1 which generated the highest hoist forces. 

It is identified by hydraulic experiments that the 
gate slots depth decrease the downpull force, but on 
the other hand this advantage cannot be employed in 
cold regions where ice accumulate in the slots (what 
is particularly critical for the wheels). Second, slots 
cause disruption of the flow increasing cavitation 
damage. 

Both, variation of downstream gaps size and type 
of upstream, change the position of stagnation point 
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in the tunnel in front of the gate and boundary 
streamlines below the gate. As a result the downpull 
strongly changes. 

 

6. Conclusion 

The innovative smooth upstream high head gate form 
is a scientific contribution of the author to the 
reduction of downpull forces. 

The experiments identified a number of changes in 
the design, which would reduce downpull and 
nevertheless the cost. After numerous attempts, an 
acceptable construction modification was found in the 
model. 

The results of the model tests show that an 
increase in vertical openings of the gate leaf reduces 
the hydrodynamic forces significantly. 
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Abstract – Butterflies are classified first according to 

their outer morphological qualities. It is required to 
analyze their genital characters when classification 
according to their outer morphological qualities is not 
possible. The genital characters of butterflies can be 
obtained using various chemical substances and 
methods; however, these processes can only be carried 
out with some certain expenses. Furthermore, the 
preparation of genital slides is time-consuming since it 
requires specific processes. In this study, a new method 
based on the extreme learning machine (ELM) and 
Gabor filters (GFs), which is an image processing 
technique, was used for the identification of butterfly 
species as an alternative to conventional diagnostic 
methods. GFs have been recognized as a very useful 
tool in texture analysis, due to their optimal 
localization properties in both the spatial and 
frequency domains, and have been found to have 
widespread use in computer vision applications. To 
obtain the appropriate features from butterfly images 
in the spatial domain, 20 filters were designed for the 
various angles and frequencies (5 frequencies and 4 
orientations). The diagnosing of butterflies was 
performed through ELM, with texture features based 
on GFs. The classification process was performed with 
a 75%–25% training-test set for different activation 
functions and the recognition performance value was 
obtained as 97.00%. In addition, the recognition 
success rates with ELM were compared to other 
machine learning methods and it was seen that ELM 
has a more significant success rate in butterfly 
identification than other methods. As a result, the 
proposed method is a suitable machine vision system 
for detecting butterfly species  

 
Keywords – Butterfly Identification, Gabor Filters, 

Extreme Learning Machine, Texture 
Analysis 

 
 
1. Introduction 

 
      Insects, the most crowded classes in the animal 
kingdom, are represented with 1,500,000 species. 
The Lepidoptera order, which involves butterflies 
and moths, and who are distinguished from their 

closest relatives, the Trichoptera, with flakes rather 
than hair on their wings and with absorbent 
mouthparts in adolescents, is one of the richest teams 
among insects with more than 170,000 species. Of 
the 384 species of butterflies, 341 belong to the 
Papilionoidea family and 43 belong to the 
Hesperioidea family [1] in Turkey. The wing shape, 
textures, and colors of butterflies vary greatly in 
range. The figures on the wings of butterflies mostly 
have important roles in the distinction of species at 
first glance. While these types of features are used as 
taxonomic characters as long as they are used within 
the species, an examination of the genital organ’s 
outer structural features, especially of the male 
individual, is required when distinguishing species 
very similar to each other at first glance [1]. On the 
other hand, these techniques are difficult and time-
consuming. In recent years, molecular studies have 
been added to these identification characters [2]. All 
of the studies carried out recently, although not 
completely decisive, have been in supporting 
character for morphological characters used in 
butterfly identifications, because these studies do not 
always give us accurate results. The aim of this study 
is to design an automatic machine viewing system 
(computer vision) that correctly identifies butterfly 
species based on the texture features of butterfly 
images. 
 

 Texture segmentation involves accurately 
partitioning an image into differently textured 
regions. It requires simultaneous measurements in 
both the spatial and spatial-frequency domains. GFs 
have been well recognized in the recent past as a 
joint spatial/spatial-frequency representation of 
textures [3]. According to Arivazhagan et al. [4], 
“Texture analysis is one of the most important 
techniques used in the analysis and interpretation of 
images, consisting of repetition or quasi repetition of 
some fundamental image elements”. Analysis of 
texture requires the identification of proper features 
that differentiate the textures for the classification 
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and segmentation of images. Various feature 
extraction methods have been suggested for the 
purpose of texture analysis, such as grey level co-
occurrence matrices, Laws’ energy measures, 
Markov random fields, fractals, and GFs. In this 
study, a GF was chosen because of it could model 
each cell of an image in the spatial and frequency 
domains. GFs have been extensively used in many 
image processing and computer vision applications, 
such as texture segmentation, face detection [5,6], 
head pose estimation, vehicle detection, character 
recognition [7], fingerprint recognition [8], document 
analysis, edge detection, detection of retina [9], face 
identification, and tracking and verification [10]. 
The butterfly identification process has been 
accomplished through ELM with using GF-
based texture features obtained from the images 
of the butterflies. ELM is a single hidden layer feed-
forwarded artificial neural network model. In this 
model, the weights pertaining to neurons available in 
the input layer and the threshold values pertaining to 
neurons available in the hidden layer are produced 
randomly, while the outputs in the hidden layer are 
calculated analytically [11]. The most significant 
attribute of this model is that the learning process 
takes place very quickly. The objective of this study 
is as follows: 

 
• The availability of the classification 

of butterfly species based on GF texture 
features.   

• The use of fast machine learning methods in 
the classification of butterfly species using 
Gabor texture features. 

• The determination of butterfly species 
through texture analysis. 

 
      In this study, we tried to prove that the 
texture features of organisms are also decisive in 
the outer morphological features used in 
identification. As a result of this study, the 
identification and classification of the type of 
butterfly using texture features showed a 
significant success. 
       The rest of this paper is organized as 
follows: Section 2 gives an overview of the 
butterflies species used in study; Section 3 
describes the Gabor feature extraction method;  
 

 
 
 
 

 

Section 4 explains the ELM structure and the 
learning algorithm; in Section 5, the proposed 
method is given; the experimental results are 
presented in Section 6, and Section 7 provides 
the concluding remarks. 

  
2. Data Set 

 
In this study species belonging to family 

Papilinidae was collected from Mount Erek, Van 
between May, 2002 and August 2003. Field studies 
were carried out between the attitudes of 1800-3200 
meters. In the field, butterflies are caught by using 
net trap. After being killed in jars including ethyl 
acetate the butterflies were put into special 
envelopers prepared in advance together with labels 
including collection information. At the end of the 
field studies, samples in temporary storage boxes 
were put in softening containers. Samples of the 
butterflies softened in here in 2-3 days were pinned 
with standard insect pins of the appropriate numbers 
(0 and 1 pins). Then samples were stretched in 
stretching boards and dried for being prepared as 
standard museum materials. The drying process 
lasted one week in an incubator fixed to 50-55 oC. 
Locality labels were added to the samples rejected 
from stretching boards and these samples then were 
classified in collection drawers. External and internal 
morphological genital features were considered in the 
identification of samples. Together with 
morphological features of extremities and organs on 
head and chest, textures and colors on upper and 
lower sides of wings were considered in the 
identification made regarding external morphological 
features. Slides of male genital organs of some 
samples, which could not be identified with the 
external morphological features, were prepared. The 
identification was made by comparison of genital 
structures of related literature. Various handbooks, 
revision studies and comparison materials are used in 
identification were as follows in alphabetical order:  
[12-16]. Identification labels, on which the scientific 
names were written, were pinned on the samples at 
the end of the identification process. For an 
identification of texture features of the species used 
in the study 10 images for each of 5 species were 
used shot with a Nikon Professional camera. 
Butterfly species belonging to Papilinidae family 
that is spread in Van Lake basin used in the study are 
shown in Figure 1. 

 
 
 
 
 
 

 Figure 1.  Selected examples from five butterflies species 
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3. Gabor filters 
 
      The GF is a complex sinusoidal wave of a 
particular frequency that is modulated by a Gaussian 
envelope, which defines the time duration. 
Each wave indicates energy for the 
specific frequency and direction. Gabor wavelets are 
widely used in computer vision applications because 
of their great similarity of frequency 
and orientation characteristics to the human 
visual system [17]. For image plane coordinates (x,y), 
the general functional form of a 2-dimensional GF is 
a complex sinusoidally modulated Gaussian function 
with a response in the spatial domain [Eq. (1)] and 
the spatial-frequency domain [Eq. (3)] as follows 
[5,18]: 
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      Here σ  is the standard deviation of the Gaussian 
envelope, which characterizes the spatial extent of 
the Gaussian envelope [19]. The parameters 

00 vandu  define the spatial frequency of a 
sinusoidal plane wave, which can also be expressed 
in polar coordinates as radial frequency r0 
and orientation θ , so that )cos(ru 00 θ=  and 

)sin(rv 00 θ= . )y,x(g  is the Gaussian function 
with scale σ . The parameters of a GF are 
represented by the spatial frequency r0, the 
orientation θ , and the scale σ .  Usually, a radial 
frequency r0 and orientation θ  are used in polar 
coordinates to specify the filter. In this study, 
butterfly images were used.  Despite the 
symmetrical butterfly wing patterns and patterns that 
vary at each point of the image, GFs with 4 
orientations (0°, 45°, 90°, and 135°) and 5 
frequencies (r = 0.1, 0.3, 0.5, 0.7, and 0.9) are 
considered.  Using the GF set defined here for image 
filtering results in 20 filtered images for an input 
texture image. The dimensions of the texture features 

are at least 20. The key to successful classification 
and segmentation are the different responses to the 
filters due to different textures.  After applying GFs 
on each grayscale of the butterfly images with 
different orientations at different frequencies, the 
energy feature is calculated using Eq. (6). 
 

∑∑=
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4. Extreme Learning Machine 

 
      Extreme learning machine (ELM) is a single 
hidden layer feedforward ANN model whose input 
weights are generated randomly and outputs of which 
are computed analytically. In the hidden layer of 
ELM, besides having activation functions such as 
sigmodial, sine, Guassian and hard-limit, unlike 
ANN, non-differentiable or discrete activation 
functions can be used [20].   
 
      The performance of traditional feedforward ANN 
depends on some parameters such as momentum, 
learning rate, etc. In these kinds of networks, 
parameters such as weights and bias values are 
required to be updated through gradient based 
learning algorithms. However, with the goal of better 
learning performance, the procedure of training takes 
so much time that the learning speed is extremely 
slow and it is easy to fall into local optima. In spite 
of the fact that adding a momentum parameter to the 
weight adjustment can lower the risk of the network 
being trapped in local optima, the time spent on the 
training process is not decreased. In ELM, input 
weights and bias values are generated randomly, but 
outputs are obtained analytically [11]. ELM network 
is a customized single hidden layer feedforward 
ANN model, as shown in Figure 2. 
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Figure 2.  A customized single hidden layer 

feedforward network 
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In here,  ).....,,( 321 nXXXXX =  identifies input, 
).....,,( 321 pYYYYY =  shows the output and network 

having m neuron in hidden layer is stated 
mathematically as follows; [20]. 
 

∑
=
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m

i
kikii nkObXWg

1
.......3,2,1,)(β       

 
where )W.....W,W,W(W in3i2i1ii =  indicates output 
weights in input layer,  ).....,,( 321 imiiii βββββ =  
output weights in hidden layer, ib  threshold values 
of the neurons in hidden layer and c output values of 
the network. (.)g  is the activation function [21]. 

 
The purpose in a network with n input feature is 
to provide minimum error. Therefore, Equation 7 
can be written as follows [11]. 
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In above mentioned equation, it is possible to 
write as follows: 
 

YH =β                                                             (9) 
 
where H, β and Y can be expressed as follows [11]. 
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and can be stated as (Suresh ve ark., 2010): 
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where, H is hidden layer output matrix. Training of a 
network in a traditional feedforward ANN means 
seeking a solution for least squares in linear equation 
of YH =β  in ELM. ELM algorithm can be 
summarized in three stages as follows [22]:  
 
1. Stage:  ).....,,( 321 iniiii WWWWW =  input 

weights and hidden layer ib  bias values are 
produced randomly. 

 

2. Stage:  H hidden layer output is computed. 
 
3.    Stage:  β̂  output weights are computed 

according to YHˆ +=β . Y is a decision feature. 
 
 
5. The proposed method for butterfly species 

identification 
 
       In this study, a method based on GF and the 
ELM method is used for the identification of 
butterfly species. In this study, 50 butterfly images, 
belonging to 5 species, were used. The proposed 
system is shown in Figure 3. All of the butterfly 
images were trimmed to 256 × 256 pixels, and then 
the feature extraction took place, using 
spatial filters based on GFs. Butterfly species have 
been identified using features extracted by the ELM. 
Of the 50 butterfly images, 35 were used for the 
training of the proposed model and the remaining 15 
were used for testing. 

 

 
Figure 3. Proposed method for butterfly 

identification. 
 
 
6. Results 

 
      In this paper, we chose a GF as the feature 
extractor. A set of frequency and orientation selective 
filters were used to filter the input image, resulting in 
a set of filtered images. The the butterfly images 
obtained after the GF was applied to the Zerynthia 
deyrollei  butterfly species, according 
to various orientations and values of the center 
frequency, are given in Table 1. The GF was applied 
in 5 different central frequencies (5 frequencies) 
and directions (4 orientations) to 50 butterfly 
images from 5 species. The classification process 
was accomplished through ELM with the 
obtained features of different filters. The 
performance of the ELM network depends on the 
number of neurons in the hidden layer and the 
activation function to be used. Therefore, the 
suitability of the parameters was determined as a 
result of trials. Activation functions, such as sigmoid, 
tangent sigmoid, sin, and radial basis, were used for 

(7) 

(8) 
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the training and the testing of the network to that end. 
The number of neurons in the hidden layer was 
determined by trials, with increments within the 
range of 10–100.  
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r = 0.7,  θ  = 4/3π  

 

r = 0.9,  θ  = 0 

 

r = 0.9,  θ  = 4/π  

 

r = 0.9,  θ  = 2/π  

 

r = 0.9,  θ  = 4/3π  

 

The optimal activation function and neuron number 
were decided according to the training and testing 
performance of the network. The success rates 
achieved for the activation functions are given in 
Table 2. 

Table 1. The butterfly images after applying the GFs in various frequencies and orientations  
(size = 256 × 256). 
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      As shown in the Table, the best butterfly 
identification performance was obtained through 
ELM with the ‘Sine’ activation function. The average 
identification performance was 97.00%. In addition, 
some of the samples were predicted 100% correctly 
for ELM.  

 

 

 

 

 

 

 

 

 

 

 

To show the effectiveness of the proposed ELM, a 
comparison with various machine learning 
techniques, including the artificial neural network 
(ANN), support vector machine (SVM), Bayesian 
network (BN), logistic regression (LR), decision 
rules algorithm (PART), and decision tree algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(J48) models were carried out. In these experimental 
studies, a 10-fold cross-validation schema was 
applied for the ANN, SVM, BN, LR, PART, and J48 
algorithms. The obtained classification performance 
values are given in Table 3. 
 

 

Activation Function Training Accuracy % Testing Accuracy % 

Tangent Sigmoid 0.9735   0.9380 

Sigmoid 0.9742 0.9470 

Sine 0.9805 0.9700 

Hard Limit 0.9305 0.8280 

Radial Basis 0.9680 0.8960 

Logarithmic Sigmoid 0.9770 0.9520 

Triangular Basis 0.9472 0.8430 

 
Table 2.  The average performance values obtained by performing different activation   

functions in ELM. 

The performances obtained for training-testing 
by different neuron counts with the 
“Sine” activation function in the hidden layer are 
shown in Figure 4. 

0 10 20 30 40 50 60 70 80 90 100
0.4

0.5

0.6

0.7

0.8

0.9

1

Hidden neurons

Tr
ai

ni
ng

 &
 T

es
tin

g 
Pe

rf
or

m
an

ce

 

 

training
testing

 

Figure 4.  The performances values obtained with different neuron counts 
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      As shown in Table 4, the ELM appeared to be 
most optimal model because the maximum of the 
classification performance value was obtained as 
97.00%. 
 
 
7. Conclusion 
 
     The colors of butterflies, shapes of their wings, 
and textures vary greatly in range, to such an extent, 
that these features play an important role in the 
distinction of the species at first glance. While these 
kinds of features are seen as taxonomic characters as 
far as being limited in species, sometimes in the 
distinction of species, they are very alike; thus, an 
examination of the external genital organs, especially 
of male individuals, is necessary. In recent years, as 
the result of cariologic research, it is understood that 
the chromosome numbers and sizes of species are 
important in the distinction of species in some 
Agrodiaetus species (Lycaenidae). For these reasons, 
new classification techniques are very important. 
While using various techniques in butterfly species 
distinction, it is seen that machine learning 
techniques are not used. In this study, we have 
presented a view-based system for the recognition 
and identification of butterfly species with GFs and 
ELM. GFs have been successfully applied to the 
fields of image processing and image analysis.  
A GF was applied in 5 different central frequencies 
(5 frequencies) and directions (4 orientations) to 50 
butterfly images from 5 species.  The classification 
process was accomplished through an ELM classifier 
with the obtained features of different filters. The 
classifiers used in the recognition were taken from 
the examples of butterflies, based on a set of selected  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

features, which makes the system flexible and easily 
adaptable for different images of butterflies.  
When the results were examined, the best butterfly 
identification performance was obtained through 
ELM with the ‘Sine’ activation function. The average 
identification performance was 97.00%. In addition, 
some of the samples were predicted 100% correctly. 
To show the effectiveness of the proposed ELM, a 
comparison with various machine learning 
techniques, including the ANN, SVM, BN, LR, 
PART, and J48 models were carried out. ELM gains 
the upper hand in terms of both classification 
accuracy and speed compared to other methods.   
According to the results, it can be seen that texture 
features based on the GFs of butterflies acquired an 
important success in the identification of butterfly 
species. 
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Abstract - The world economy in recent years has 
suffered its biggest blow, even from the time of global 
depression, impact that severely damaged the 
developed and developing countries around the world. 
The world financial crisis, at first, has emerged in the 
U.S., as a mortgage crisis wherefrom, has spread to 
other parts of the world and in Macedonia, as well, 
evolving into severe economy crisis, reflected through 
drastic decline in GDPs worldwide, and occurrence of 
world recession. To analyze the impact of the global 
financial crisis, on the Macedonian banking sector, it is 
necessary, first to analyze the structure of the financial 
markets and intermediaries in the Republic of 
Macedonia, through the aspect ratios of good and bad 
loans, the ratio of financial intermediation, the linkage 
of the Macedonian banks with global investment 
banks, ratios of capital adequacy of the banks, the 
usage of structured credit financial instruments or 
derivatives and the development of secondary capital 
markets in the Republic of Macedonia. Finally, it is 
necessary to analyze the impact of the global economic 
crisis on the Macedonian real estate sector through the 
structure of foreign trade, the structure of Macedonian 
import and export, and the rates of unemployment and 
production. The basic purpose of this paper is to 
present and explain the impact of global financial and 
economic crisis on the Republic of Macedonia, and to 
suggest some alternative solutions to overcome the 
negative consequences. 

Keywords:  Global Financial Crisis, Credit Rating 
Agencies, Global Economic Crisis, 
Financial Derivatives, Mortgage Crisis, 
Collateralized Debt Obligations ( CDO ), 
Capital Adequacy. 

 

 

 

 

 

 

 

 

 

 

 

1. The Impact of the World Economic Crisis on 
the World Economy 

The global financial and economic in 2008 was 
consequence to several facts, such are: the  mortgage 
crisis in the USA, the relaxed monetary policy of the 
FED, the failed rating of the credit rating agencies for 
the securitized securities, and the policy of large 
budget deficits, made by the G10 countries. The 
prime reason for the crisis, certainly was the shooting 
of inflated real estate bubble in the U.S. and the lost 
of value of the issued securitized securities, known as 
collateralized debt obligations (CDOs). At the same 
time, the insurance company, BNP Paribus [1], has 
written off the claims of several investment banks, 
which was signal for insolvency in the securitized 
segments of the markets. Soon large number of 
banks, either has bankrupted, or has been 
nationalized by the state. 
 
Table 1. Top 10 underwriters of CDO [2]. 
 
Underwrit
er 

200
2 

200
3 

200
4 

200
5 

200
6 

200
7 

Tot
al 

Merrill 
Lynch 

0 3 20 22 33 18 107 

Citigroup 3 7 13 14 27 14 80 
Credit 
Suisse 

10 7 8 9 14 6 64 

Goldman 
Sachs 

3 2 6 17 24 7 62 

Bear 
Stearns 

5 2 5 13 11 15 60 

Wachovia 5 6 9 16 11 5 52 
Deutsche 
Bank 

6 3 7 10 16 5 50 

UBS 5 2 5 10 16 6 46 
Lehman 
Brothers 

3 4 3 6 5 6 35 

Bank of 
America 

2 2 4 9 10 2 32 

TOTAL 47 44 101 153 217 135 697 
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The global financial and economic crisis had 
disastrous consequences on world economy. Through 
the transmission mechanism and the efficiency of the 
financial markets, the crisis first emerged in the U.S. 
and then has spread to other countries in the world, 
abroad. At first, the investment and other banks, with 
financial derivatives in its assets and liabilities 
portfolio, were targeted. At the same time and the 
world stock markets, where were traded these 
instruments, marked a downfall, as a result of that, 
the stock prices of the market firms and banks  has 
significantly decreased and fell below their real 
value. This undervaluing of the stocks, certainly 
should be a reason more, for investors to enter the 
market and buy the shares, with intention, in future to 
sell them, where the increased demand might lead to 
a rise in stock prices and overcoming the financial 
crisis, yet it was not the case due the pessimistic 
expectations of the investors, that prices in the future 
could continue to fall, and that the crisis has not 
reached its epix. On the other hand, this pessimism of 
the investors, has further contributed to the 
immersion of the crisis and the emergence of the 
global recession. 

One of the top investment banks that did not 
withstand the impact of the crisis was Lehman 
Brothers, which at that time was the fourth largest, 
investment bank in the U.S. with a long tradition and 
a solid credit rating. However in the 2008, Lehman 
Brothers suffered huge losses due to the subprime 
crisis in the USA. The bank loses were result of the 
long position of low-ranking collateralized debt 
obligations by bank. In the first and second quarter of 
the 2008, the bank reported losses of approximately 
5.6 billion dollars and was forced to sell its assets of 
total value of 6 billion assets. As a result of such 
movements, the shares of Lehman Brothers, has 
fallen sharply, which let down all the expectations, 
that the crisis is past? The collapse of Lehman 
Brothers, and shortly after, The Bear Sterns, has led 
to the freezing of the credit markets in the USA, and 
losing the confidence of the economic agents in 
financial markets. 

At that time, several large banks abroad the U.S., 
have had financial and liquidity problems. For 
example, Belgian bank Fortis, was saved by the state 
to fail, also Hypo Real, was saved, as a result of the 
German government interventions. As we can see, 
the period after the crisis was characterized by 
frequent government interventions, that were 
opposite with the principles of the market economy, 
but these banks were too big to fall, so the  effects 
from their rescuing is greater than the consequences 
of their bankruptcy. 

However, the financial crisis was just the beginning, 
because due to loss of investor confidence, the 
collapse of financial institutions, the falling stock 
prices, the reduced lending by commercial banks, 
there has been a large reduction in liquidity in the 
economy, and the decline in world production and 
demand, which in extreme traits, has lead to the 
emergence of a global economic crisis and the 
emergence of recession worldwide. Although a large 
number of countries, particularly developing 
countries, were not affected by the financial crisis, 
however, the economic crisis was imminent for all 
the countries because of capital and trade and 
interdependence of the developing countries from 
developed countries. 

Within the occurrence of the global economic crisis, 
capital investment ceased to be on the relation 
developed - developing countries, as previously 
were, now there was qualitatively dislocation on the 
relation developed - developed countries, due to loss 
of the investors’ confidence, which negatively 
affected the growth developing countries. The crisis 
has reduced the demand for foreign products, so that 
all the countries have focused primary on the 
domestic production. 
 
Chart number 1.index of growth of the real GDP in the 
U.S. by quarters 2004-2008  [3]. 

 

Through the transmission mechanism of the foreign 
account, the crisis has passed in the euro zone, and in 
Macedonia, as well. 
 
Chart number 2 The index of growth of real GDP in the 
euro zone, by quarters [3]. 
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     Recession, as it is known, generates many 
negative consequences, that are destroying the world 
economy, but the biggest problem  is, of course, the  
increased unemployment by laying off workers and 
closing factories due the declined demand, and 
increased costs for production. 

Chart number 3.  The unemployment rate in the United 
States, 2006-2009 

 

     The unemployment, however, is increased in the 
post-crisis period, so in the U.S. in 2011, it was 
9.8%, a record high for this country-the world 
economy leader. The unemployment in this period in 
the Euro zone was approximately 8-9%. Summing all 
these indicators, we can conclude that the world in 
2008 has descended into a great depression. 

 

Chart number 4.  Global GDP growth [4] 

 
 
     Тhe monetary policy was expansive, and  led by 
the United States, in order to increase the lending 
processes, so in this period, there was global 
declining in the reference interest rates worldwide. 
The interest rate of the FED has declined from 5.25% 
in September 2007, to 0 and 0.25% in December 
2008, that still was not enough for producing growth 
of the economy, mainly because of the negative 
expectations of the economic agents. We shall 
conclude, that the most effective measure for 
reduction of the recession, were the active 
Government measures focused primary on increasing 
the aggregate demand and supply of the economy.  
 

The most useful measures were: 
 
- Bank nationalization, 
- Buying parts from banks, 
- Garanting export companies, 
- Credit subsidies  
- Increased public and private investment 
 
 
2. The Consequences of the Global 

Economic Crisis on the Macedonian Financial 
Sector 

    The banking system has retained the role of the 
most developed financial sector in the Macedonian 
economy. Total assets of the banking sector on 
31.12. grew by 7.1%, in comparison from last year. 
The reasons for the dominant role of the banks were: 

- The traditional role of the banks as major financiers 
of the Republic of Macedonia, 
-Poor development of the financial markets, 
-Deregulation and competition in the banking sector, 
-High profitability of banks. 
 
     The global financial and economic crisis, had a 
different impact on the Macedonian financial and real 
sector. The Macedonian financial and banking sector 
was not directly affected by the global financial 
crisis, but could not avoid the negative effects of the 
global recession movements, that were spilled on the 
domestic real sector, and through reduced production 
and consumption on the banking sector, as well. The 
stable position of the banking sector was result due to 
its closeness to international financial markets, lack 
of exposure to "toxic financial products," its strong 
capital and liquid position, caution in taking risks, 
and effective prudential measures taken by the 
National Bank of Macedonia (NBRM). Although the 
world crisis has been spread on the relation: financial 
- real sector, in Republic of Macedonia, an opposite 
case had happened, so the crisis occurred, because of 
the recession, that limited and reduced the lending 
and financing, afterwards. 

In the first half of 2009, the uncertain environment, 
the rising trade deficit and the decline in the capital 
inflows, significantly has slowed the growth of the 
banking system, worsening the profitability of banks, 
at the same time. In such a circumstances, where the 
majority of the total debt is deponed in foreign 
currency component, the reliability of the debtors 
from the stability of the exchange rate is the key. 
Also, in recession conditions, the greater is the 
sensitivity of the banks from the changes in the 
interest rates, so the interest rate risk is eminent, 
which, along with foreign currency risk, represented 
a major challenge for the Macedonian financial 
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sector during the crisis. On this occasion, we should 
mention that credit risks have increased, in this 
period as a result of worsening the loan portfolio of 
the banks. 

Table number 2. Credit risk in Macedonia (in millions) [5] 

 2009 2010 
Total credit 
exposure 
 

263,353 276,409 

calculated losses 17,090 17,996 
average risk 
 

6,49 6,51 

 

As we can see from this table, in the period after the 
crisis, it comes to an increase in credit risks as a 
result of bad investments and loans. 

Table 3. liquidity rates of the Macedonian financial sector 
[5) 

Indicator 11.2009 12.2009 
Liquid assets / 
Total assets  

28,8% 29,5% 

Liquid assets / 
Total liabilities 

35,8% 37,5% 

Liquid assets / 
Short-term 
liabilities 

34,4% 35,9% 

Liquid assets / 
Total deposits of 
non-financial 
entities 

53,3% 53,7% 

Liquid assets / 
Total deposits 
population 

91,6% 92,5% 

 

During the occurrence of the crisis, the stability of 
the financial sector is perceived, through the 
increasing of the liquidity ratios of the banks. 
Durability and stability of the banks, are best 
perceived by the high ratio of capital adequacy, or by 
the high capacity for responsing to credit shocks. 

Table 3.The capital adequacy ratio of the Republic of 
Macedonia in 2009.[5] 
 

No. Description Total 

I Assets weighted by credit risk   

1 Balance sheet assets weighted by 
credit risk 

177.36
9 

2 off-balance sheet assets weighted 
by credit risk 25.307 

3 weighted assets credit risk ( 1 + 2 ) 202.67
6 

4 capital requirements to cover 
credit risk ( 8% from no.3) 16.214 

II weighted assets currency risk   

5 aggregate foreign exchange 
position 11.735 

6 net position in gold 0 

7 assets weighted according to 
currency risk ( 5 + 6 ) 11.735 

8 capital needed to cover the 
currency risk ( 8 % from  no.7 ) 939 

III Risk-weighted assets (3+7) 214.41
1 

9 capital required to cover risks ( 4 + 
8 ) 17.153 

IV Own funds 35.115 

V capital adequacy rate( IV / III ) 16,38
% 

 
     The first attack by the crisis in 2009, has created 
great pressure on the Macedonian denar, because of 
the high euroisation of the financial obligations in the 
country, where has emerged some serious pressures 
and risks on the financial stability, which can be 
seen, through increased buying of euros, reduced 
volume of capital flows and the existence of an 
imbalance of foreign exchange market, which created 
some conditions devaluation rate. This situation was 
even greater, if we known to the Macedonian denar is 
pegged to the euro and the trade deficit is very high 
and the reserves are limited. 
 
 
3. The Consequences of the Global Economic 

Crisis on the Macedonian Real Sector 
 
     The effects of the global economic crisis were 
observed on the Macedonian economy, a little later, 
with some delay, unlike the other developed 
countries. The reasons for this relative lag, were 
primarily  the resistance of the financial sector from 
the financial crisis in Macedonia (where the financial 
crisis could create economic and social crisis), and 
the minor importance role of Macedonia, in the 
international trade and capital transfers. The 
Republic of Macedonia is relatively small and open 
economy, which is primarily import dependent 
country, with relatively high trade deficit. The high 
deficit, in recession times, represents the biggest 
problem of the Macedonian economy, particularly in 
terms of reduced trade, reduced exports and imports, 
and fixed exchange rate policy. 
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Table 1. Macedonian export 2009-2011, by country (in 
mil. USD). [5] 
 
Country 2009 2010 2011 
Deutchland 455,86 712,42 1.241,87 
Serbia 337,81 271,82 333,37 
Greece 291,65 246,20 215,22 
Italy 218,28 235,36 289,75 
Croatia 152,74 123,73 139,62 
 
As we can see from this table, Macedonian export 
targets the countries in the Euro zone ( like Germany, 
Italy, Greece), and also the Western-Balkan 
countries. The same orientation and structure is 
characteristic for the import component, as well. 
 
Table 2.  Macedonian import 2009-2011 year (in mil. 
USD).[5] 
 
Country 2009 2010 2011 
Deutchland 521,68 613,48 728,89 
Serbia 441,86 448,93 566,28 
Greece 397,99 419,44 497,85 
Italy 368,51 335,21 418,82 
Croatia 118,40 113,29 133,12 
 
Unlike the financial crisis, the economic crisis 
emerged in the Republic of Macedonia, either, 
through the import channel, or by reducing demand 
for Macedonian products by foreign partners, mostly 
from Germany, Greece and Italy. Under these 
conditions, with relatively low national demand, the 
aggregate demand is reduced to very low level, 
generating the appearance of recession and 
depression trends. 

Table 3.  The structure of the Macedonian exports (in mil. 
USD). 

Branch Export in 2012 yr. 
Food products 373,24 
Leather products, tobacco 
and paper 

1213,23 

Clothing, footwear and 
sanitary 

834,55 

Transport equipment 352,61 
Chemical products 
 

747,14 

 

     As can be seen from this table, the biggest 
problem in Macedonia's export is the structure of the 
export, ie a high share of unfinished basic products 
that do not generate growth in normal conditions, 
especially in recession. For these reasons, some 
measures are required, to stimulate the exporters, on 
the one hand, and measures for the restructuring of 
Macedonian production, in order to reduce the 
impact of the recession for the future. In Macedonia, 

the most affected branches were the metal industry, 
and the leather goods branches, which due to reduced 
export demand, have had suffered huge losses, and 
had to lay off many workers. Macedonia's 
unemployment rate in 2011 was 31.4%, which is 
result of the Macedonian transition problems and the 
lack of practice in educational processes. In recession 
times, we can expect this rate to rise further, why are 
urgently needed measures, to stimulate the small and 
medium enterprises and developing programs for 
self-employment by the government. 

 

4. Fiscal and Monetary Measures for 
Reducing the Consequences of the Crisis on 
the Macedonian Economy 

     To overcome the crisis, developed and developing 
countries used expansion mix of fiscal and monetary 
measures aimed for raising aggregate demand and 
also to revive production and consumption, as well. 
In economic theory, it is known that the monetary 
and the fiscal policy are substitutes, so in order of 
overcoming the recession negative effects, 
expansionary fiscal policy is efective, because the 
expansionary monetary policy in long terms, only 
manages to increase the level of the prices, within no 
change in output or manufacturing. Fiscal studies in 
Eastern Europe and Central Asia prove that with 
good management fiscal policies are inciters of the 
growth. 
 
       At the Republic of Macedonia, in the period after 
the crisis, the Government has adopted several 
packages of anti-crisis measures aimed primarily at 
increasing the liquidity of the economy, supporting 
small and medium enterprises and reducing the fiscal 
burden on companies. 

      The first package of anti-crisis measures was 
elaborated in 2008 and included measures of 
estimated 20 billion MKD worth. The first package 
of anti-crisis measures have been adopted since 2008 
in the amount of 330 million euro’s, and were 
targeting the enterprises with impaired liquidity and 
accumulated problems of the past.[6] 

       The second packages of anti-crisis measures 
were, in the form of a multiannual program for the 
implementation of infrastructural measures, with 
total amount of 8 billion euro’s. There were projects 
of road and rail infrastructure, energy sector, 
construction and sports objects. The reason for  
introducing this package of measures is securing 
economic growth amid the crisis, reducing the 
recession. 
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The third package of anti-crisis measures had 
approximately 70 anti-crisis measures targeting three 
segments:[6] 
  
a.) Supplementary budget - review projections in 
accordance with the new situation, 
b.) Credit support to enterprises - using a credit line 
of the European Investment Bank in the amount of 
100 million euro’s in loans and guarantees, 
c) Other measures to support enterprises to support 
export subsidies and reducing costs. 
 
The fourth package had measures for: 
 
- Limiting the interest rate for the first year to 6%, 
limiting the maximum interest rate of the second year 
to 7.5%. 

- Change the amount of individual loans intended for 
end users (micro to 40,000 Euros to 400,000 Euros 
small, medium to 3.5 million Euros), 

- Segregation of the date of payment of liabilities on 
gross - wages and contributions to the liabilities for 
taxes and VAT from 15 th to 25 th in the current 
month; 

- Facilitating the criteria for receiving financial 
assistance under the Program for financial support 
for agriculture in 2010 for use of funds, 

- Reducing the fee for the privatization of the 
construction of legal entities by 30%. 

-Introducing credit line to support micro, small and 
medium enterprises with guarantee scheme by 
MBPR, with total assets of 15 million euro’s. 
 
      At the same time, the National Bank of 
Macedonia in order to maintain the stability of the 
Macedonian denar,  the Bank, did sales of foreign 
currency in the exchange market, in the first half of 
2009, tightening the monetary policy by increasing 
the benchmark interest rate of 7% to 9% in 2009 and 
by increasing the reserve requirement. Some 
instruments are presented in the next table. 
 
Table 4. some monetary instruments used by the NBRM in 
2009 yr 
 
Type of measure Number of 

banks 
Number of 
savings 

down meetings of the 
Board to monitor 
information tehnoology 

1 0 

Improving the system for 
monitoring credit risks 

1 0 

evaluation systems for 
managing liquidity risk by 

1 0 

the Board of Risk 
Management 
Improving the system for 
monitoring the risk from 
money laundering 

1 0 

The borrowing bank to 
reach the amount of liquid 
assets, with which to 
provide adequate coverage 
percentage of total liabilities 
and continuously maintains 
that level 

1 0 

The borrowing bank to 
submit to the NBRM 
calculations of total 
liabilities and total liquid 
assets from the previous 
day, every day 

1 0 

prohibition of granting 
loans and other forms of 
credit exposure to entities 
other than credit exposures 
secured by first-rate 
instruments 

1 0 

Theborrowing  bank is 
obligated to notify  
NBRM  of any change of 
internal policies for 
managing credit risk 

1 0 

withdrawal of consent for 
acquisition of shares in the 
bank 

1 0 

reporting NBRM on the 
status of court proceedings 
are conducted against the 
bank 

1 0 

 
The fiscal and the monetary measures contributed to 
stabilizing the Macedonian financial sector and 
mitigate the recession effects. But, there are some 
debates, and confrontations, about the effects of this 
monetary and fiscal measures. Professor Abdulmenaf 
Bedzeti, has analyzed the governments anticrisis 
measures, giving the following conclusions:[8] 

- In almost all of these measures there is an expressed 
form of relativization of the same, through different 
variations- systematic and spontaneous, that usually 
in a shortage of fiscal culture and fiscal discipline, 
exceptions are turned into the rules of behavior. 
- The biggest part of fiscal measures for fiscal 
“saving” were forced due to the significant 
underperformance of public incomes ( above all 
VAT and excise) and were not designed as 
anticyclical fiscal measures or “cyclical regulated 
budget balance” that would have positive impact on 
the economical cycle of Macedonian economy. 
- Delayed fiscal measures – at great number of 
measures undertaken fiscal obligation already exists 
and is difficult to return the budget users. 



TEM Journal – Volume 2 / Number 1/ 2013.                                                                                                                              27 

- Reducing with greater intensity of the already 
insufficient (structural) developmental component of 
the budget – capital expenditures are reduced over 
18%. 
- Usually “tightening the belt” in the post-election 
period and in the second half was not proved to be 
real in the realization. 
 
 
5. Conclusion 
     
     Summing all the effects, we can conclude that, in 
order to overcome the consequences of the economic 
crisis on Macedonian economy, the best 
macroeconomic combination is expensed fiscal and 
not-so tight monetary policy. The fiscal expenditures, 
should target long-term investment projects, that are 
natural generators of development. The NBRM 
should decline the interest rate in order to stimulate 
the investors, as well. 
 
     The best recommendations for the future 
macroeconomic policy are: [7] 
 
- Permanently to follow the economic situation - with 
sustainable analysis – cohesively with coordination 
and synergy to bring measures on the basis of 
information , analysis and research of all relevant 
institutions. 
 

-The economic cycles of Macedonian economy need 
cyclical “regulated fiscal balance” explicitly based on 
the fiscal possibilities of the country. 
 

- Capital strategic investments cannot be selected 
without consistent application of cost and benefit 
Analysis. 
 

- Until the consolidation of economy – without 
exceptions of determination to “take off” from the 
budget all expenditures that are not productive for 
Macedonian economy and that can be postponed to 
“better times” and are exerting pressure on the paid 
balance of the country. 
 

- To re-examine until is too late, without need the 
firm attitude “against the engagement with IMF”- we 
will dearly pay the loans from the commercial capital 
market. The industry is in need of at least three times 
more financial capital than the “EIB Program”. 
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Abstract - The purpose of this study is to examine the 
effect of explicit teaching on reading comprehension 
when EFL learners read signaled text or non-signaled 
text. The main concern is whether explicit teaching of 
signal words facilitates reading comprehension. 
Another issue is whether there is a difference in their 
reading comprehension scores when students are 
taught signal words explicitly but read non-signaled 
texts. The study was conducted at Anadolu University, 
Education Faculty, English Language Teaching 
Department. In order to analyze the data mean scores 
and two- independent-samples t-tests were run. The 
results of this study indicate that both explicit teaching 
of signal words and reading signaled texts contribute to 
the reading comprehension. Also, the results of the t-
test show that there is a statistically significant 
difference between the explicit teaching group and no-
teaching group when they read non-signaled texts. 
 
Keywords:  Explicit Teaching, Signal Words, Reading 

Comprehension 
 
 

1. Introduction 
 

     The studies in the last few decades emphasized 
that the study of language and language learning 
should include both text and discourse. According to 
Yule & Brown (1989, p.191) a set of sentences 
constitute a text if there is a relationship within and 
between these sentences and if there is no 
relationship they would be only unrelated sentences. 
The semantic relations between the sentences and 
propositions have the cohesive power and indicate 
coherence; however, in some cases some linguistic 
elements show the relationship between the facts and 
propositions in a text which is called cohesion. 
     Definitions of coherence in the 19th Century 
focused on sentence connections and paragraph 
structure. This emphasis on sentence connections and 
paragraph structure shifted from sentence to larger 
principles of discourse with the studies in discourse 
analysis in the 1960s (Lee, 2002). Within the 
discourse analysis, textlinguistics broadened the 
concept of coherence and it was considered in two 
different ways: internal to the text and external to the 
reader.  
     Concerning the text, Meyer (1975) stated that 
coherence focused on the overall logical structure of 
the text. Halliday and Hasan (1976,1989) described 

coherence as the extent to which the parts of the text 
stick together. They also claimed that the structure of 
the text was constituted along linguistic lines so that 
internal cohesion and coherence of the textual units 
could be achieved.  
      Kaplan and Grabe (2002) noted that written 
discourse analysis required an emphasis on the text 
itself, therefore, texts could be examined from the 
perspective of textlinguistics.  
      Kaplan and Grabe (2002) also noted that within 
discourse analysis the combination of creating a large 
organizational structure and specifying 
function/semantic relations between each sentence 
provide a powerful analytic tool in the text. Chung 
(2000) emphasized that signaling and its relation to 
reading involves an examination of coherence.  
       For the textual part of the coherence Kintsch and 
Van Dijk (1983) identified two levels: 
Microstructures that are semantic representations that 
constitute local coherence and macrostructures which 
are semantic representations of the global discourse. 
Van Dijk and Kintsch (1983) argued that ideas are 
retained as a result of these macro-rules. 
       On the other hand, Van Dijk and Kintsch (1983) 
argued that coherence is not simply a textual 
property, reader is also important. 
       Concerning reading, in the reading process when 
the interaction between the reader and the text was 
considered the factors of text organization and 
signaling of this organization gained importance 
(Meyer, 2003).  
      Meyer (2003) defined the signals as stylistic 
writing devices that highlight aspects of semantic 
content or structural organization. Lorch and Lorch 
(1995) claimed that important ideas and relationships 
in text are emphasized through the use of signals. 
Meyer (1985) introduced headings, preview 
statements, pointer words, and words that state the 
relational structure among main propositions of the 
text as signals. 
      Chung (2000) stated that Meyer's (1985) pointer 
words approximate logical connectives. Halliday and 
Hasan (1976) called logical connectives as 
"conjunctives" and Hoey (1983) "conjuncts". 
Considering these definitions signal words in this 
study refer to the terms like transitions and phrases 
that emphasize the relationships between sentences 
and ideas. 
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       Paragraph headings, on the other hand, announce 
blocks of content before the reader encounters the 
detail (Chung, 2000). Hoey (1983) included words, 
phrases, sentences or sequences of sentences in the 
definition of “lexical signals” which are referred to as 
“paragraph headings” in this study. 
      Meyer (1975) pointed out that signals play a 
structural role in discourse processing. Hoey (1983) 
stated that signals indicate relations in a text that are 
given focus by the writer and decoded by the reader. 
      Evensen (1985) pointed out that empirical 
analysis have made it clear that connectors have a 
fuzzy textual scope in discourse. Moreover, in the 
reading process whether signal words play the local 
role of connecting neighboring clauses or sentences 
or whether they signal global coherence is not clear 
as stated by Chung (2000). 
      Then there appears to be a need to investigate 
signals concerning the text and the reader. Another 
issue that deals with signal words is how to teach 
these signal words to the learners. In the field of 
second language acquisition, there has been debate 
concerning the type of instruction. The general issue 
is whether an explicit approach to instruction is best 
(Doughty, 2003). Explicit instruction includes all 
types in which rules are explained to learners or 
when learners are directed to find rules by attending 
to forms. There have been studies investigating the 
role of explicit teaching in student learning in second 
language acquisition field; however, this study 
combined explicit teaching and signal words and 
their effect on reading comprehension. Specifically, 
the outcomes of this study will provide valuable 
insights into the teaching of signal words to learners 
and its effect on reading comprehension when 
learners read signaled and non-signaled texts. 

 
 

2. Literature Review Empirical Studies on 
Signals 

 
       The effect of signal words on reading has been 
studied from two different dimensions: the effect on 
recall and the effect on comprehension. 
        Several studies investigated the effect of signals 
on recall rather than reading comprehension (Meyer, 
Brunth and Bluth, 1980; Loman and Mayer, 1983).   
        Considering whether readers pay attention to the 
textual information and cues to the content structure, 
Horiba (2000) designed a study to examine how 
native and non-native readers process and represent 
text. With a think aloud session readers reported their 
thoughts while they were processing through 
discourse. It had been predicted that when processing 
the text, readers would pay more attention to textual 
information and cues to the text's content structure. 

       Horiba used 14 native and 14 non-native readers. 
The native and non-native readers were randomly 
assigned to one of the two reading conditions for 
each language group: read freely and read for 
coherence. 
       It was found that read-for-coherence task had 
some facilitative effect on the construction of text 
representations in non-native readers, that is, non-
native readers' recall was as good as native readers' 
recall in the read for coherence condition. As a result, 
more coherent text representations were constructed 
which was reflected in better recall. 
       In another study, Sanders and Noordman (2000) 
investigated two aspects of text structure in the 
processing of expository text. First, they searched 
whether the processing of the information depends 
on the type of coherence relation. Second, they 
focused on the way in which linguistic marking of 
relations influences processing. In the experiment 
they used reading, verification and free recall tasks. 
As a result of the experiments they found out that 
both factors affected text processing. Specifically 
they found that explicit marking of the relations 
resulted in faster processing but did not affect recall. 
It was concluded that the relational marker has an 
effect during online processing but its influence 
decreases over time. However, it was stated that this 
finding contrasts with the effect of the coherence 
relation which is also manifest in the recall. 
      On the contrary, in a number of studies, signaling 
did not increase the total amount of information 
recalled (Rickards, Fajen, Sullivan and Gillespie, 
1997; Meyer, 1975). 
      Also, there have been studies investigating the 
effect of signals on reading in relation to 
comprehension. Geva and Ryan (1985) for example, 
investigated the effects of explicit and implicit 
conjunctions in relation to reading comprehension 
and found that conjunctions facilitate reading 
comprehension. However, in their study, they used 
reading comprehension questions in the form of true-
false questions; therefore, they were criticized by a 
number of researchers like Chung(2000) for having 
used invalid means of testing reading 
comprehension. 
       Chung (2000) in her study investigated the effect 
of logical connectives and paragraph headings on 
reading comprehension. Using a reading 
comprehension test she allocated subjects into high, 
medium or low performance groups. As the 
instrument of her study she produced four versions of 
an authentic text: Version 1 was a non-signaled 
passage, Versions 2, 3 and 4 were written with 
logical connectives, paragraph headings and these 
two signals in combination. As the result of her 
study, she found out that the subjects who are at the 



 

 30                                              TEM Journal – Volume 2 / Number 1/ 2013.                                                                                                                     

low performance group benefited most from signals 
in reading comprehension. 
       Another line of research studied the use of 
discourse markers. Ying (2006) investigated English 
compositions of native speakers and Japanese and 
Chinese non-native speakers and found an obvious 
difference among the three groups of students in their 
preferences for particular types of discourse markers. 
Also, various kinds of misuse of discourse markers 
were found in the essays written by the non-native 
speakers.  
       Khatib (2011) investigated knowledge of 
discourse markers and its’ relation to reading 
comprehension. He measured knowledge of 
discourse markers through examining the subjects’ 
recognition. He found that there is a high correlation 
between the students’ knowledge of discourse 
markers and their reading comprehension.  
       To date studies of signals focused on either 
recall of information in the reading process or their 
effect on reading comprehension. However, there 
have been no studies investigating both explicit 
teaching of signal words and its effect on reading 
comprehension when readers read signaled and non-
signaled texts. The purpose of this study is to 
examine the effect of explicit teaching on reading 
comprehension when EFL learners read signaled text 
or non-signaled text. The main concern is whether 
explicit teaching of signal words facilitates reading 
comprehension. Another issue is whether there is a 
difference in their reading comprehension scores 
when students are taught signal words explicitly but 
read non-signaled texts. 
      In specific the study set out the following 
research questions: 
 
1. Is there a significant difference in the reading 

comprehension scores between the subjects who 
have been taught signal words explicitly and the 
subjects who have not get any explicit teaching 
when the subjects read signaled texts? 

2. Is there a significant difference in the reading 
comprehension scores of the subjects who have 
been taught signal words explicitly when they 
read signaled texts and when they read non-
signaled texts? 

3. Is there a significant difference in the reading 
comprehension scores between the subjects who 
have been taught signal words explicitly and the 
subjects who have not get any explicit teaching 
when they read non-signaled texts? 

4. Is there a significant difference in the reading 
comprehension scores of the subjects who have 
not get any teaching of signal words when they 
read signaled texts and when they read non-
signaled texts?  

3. Methodology Subjects 
  
       The study was conducted at Anadolu University, 
Education Faculty, English Language Teaching 
Department. 100 subjects participated in the study. 
The subjects took writing and reading classes in the 
first semester and have been taking these courses 
during the second semester. The researcher is 
familiar with the first year syllabi and knows that the 
subjects are not given focus for coherence explicitly. 
In reading and writing classes, students are provided 
with texts that contain signal words, are asked 
comprehension questions on these texts but they are 
not explained what the functions of these signal 
words are and they are not given any tasks to focus 
specifically on these signal words.  
       Also, all subjects were monolingual speakers of 
Turkish between the ages 17-19. 
 
3.1. Instruments for Data Collection 

 
      Three different texts were chosen focusing on 
sequence signals, listing signals, comparison and 
contrast signals and cause and effect signals from an 
intermediate level reading book: Reading and Study 
Skills by John Kimmelman, Charles Martin, Harriet 
Krantz and Sandra Seltzer and the first text was an 
original one from a magazine. The texts were chosen 
from the textbook because they focused on each type 
of signal word that the researcher would like to 
investigate. Moreover, these texts were prepared for 
intermediate level students. Original text was also 
used in order to provide authentic material.  
      Each text was adapted to form two versions: 
Version 1 is called “signaled text”. The signaled text 
contained three texts and these texts included logical 
connectives to show sequence, listing, 
comparison/contrast and cause/effect relations 
between sentences and ideas. The three texts in the 
“signaled text” also contained paragraph headings as 
signals. 
      Version 2 is called “non-signaled text”. Non-
signaled text contained the same three texts in the 
signaled text but all of the connectives and paragraph 
headings were omitted.      
        Reading comprehension questions were selected 
to test understanding microstructure and 
macrostructure levels but since it was not the focus 
of the study, comprehension was analyzed in general. 
 
3.2. Instructional Context and Procedures 

 
       Firstly in order to control the level of the 
students who participated in the study, all first year 
students at Anadolu University Education Faculty 
English Language teaching Department were given 
Michigan proficiency test. Students who got a score 
between 60 and 70 were asked to participate in the 
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study. 100 students volunteered to take part and these 
students were randomly put into experimental and 
control groups. 50 students were put into the 
experimental group which is called “explicit teaching 
group” and the explicit teaching group was taught 
signal words explicitly. Another group of 50 students 
acted as the control group and the control group is 
called “no-teaching group” and they did not get any 
treatment. The groups decided on a day to come for 
the study.  
      The explicit teaching group was taught signal 
words explicitly by the researcher teacher during 10 
hours. The group decided on a time that they could 
meet each week for the treatment. Considering the 
duration of treatment, Doughty (2003) noted that 
more than 7 hours of teaching was cited as long. As 
the procedures of the treatment, different tasks were 
used in order to focus specifically on signal words. 
First, the subjects were taught the meanings of signal 
words, how signal words are used and what functions 
they have in a sentence, for what purpose they are 
used and what logical connections they make 
between ideas. Then the subjects were given 
exercises to make them use the signal words to 
combine the sentences and ideas. The subjects were 
also given an exercise containing sentences without 
signals and they were asked to find what the relation 
can be between the sentences. Later, explanations 
were enhanced to the paragraph level and the 
subjects were explained how to use signals in order 
to find the main idea and supporting ideas in a 
paragraph. In specific, the subjects were explained 
what kind of development of the text the signal word 
indicates in the text and what hierarchy of 
importance the signal word represents in the text.  
        Following the treatment, the reading test was 
administered three days after the treatment ended.  
       The reading comprehension test was 
administered during reading classes by the 
researcher. During the test, firstly, the explicit 
teaching group who got the treatment was divided 
into two groups randomly in order to make half of 
the group answer the signaled texts and to make the 
other half answer the non-signaled texts. After the 
subjects read the texts in their signaled or non-
signaled versions, they answered the following 
comprehension questions during one class time. 
      Moreover, the subjects who read non-signaled 
texts in the explicit teaching group were interviewed 
after their correct responses to the comprehension 
questions were counted in order to investigate how 
they could answer the questions correctly although 
they were given non-signaled texts.  
      No-teaching group was given the reading 
comprehension test in another session. No-teaching 
group was also divided into two randomly to make 
half of the subjects answer the signaled texts and to 

make the other half of the subjects answer the non-
signaled texts. This group also answered the reading 
comprehension questions during one class time. 
   
4. Results 

 
       In order to analyze the data, first, the correct 
responses to the reading comprehension questions 
were counted for explicit teaching group which was 
divided into two as the subjects who read signaled 
texts and the subjects who read non-signaled texts. 
Also, the correct responses of the no-teaching group 
which was divided as the subjects who read signaled 
texts and the subjects who read non-signaled texts 
were counted. 
       Then to obtain an average value, mean scores 
were calculated for each group. In order to answer 
the research questions two-independent-samples t-
tests were run in SPSS.  

In order to analyze the data mean scores and 
two- independent-samples t-tests were run in SPSS to 
find the differences between:  

 
1. Explicit teaching – no-teaching groups when the 

subjects read signaled texts.  
2. The subjects who read signaled texts – the 

subjects who read non-signaled texts in the 
explicit teaching group. 

3. Explicit teaching – no-teaching groups when the 
subjects read non-signaled texts. 

4. The subjects who read signaled texts – the 
subjects who read non-signaled texts in the no-
teaching group. 
 

      Firstly, half of the explicit teaching group was 
given signaled texts and the other half was given 
non-signaled texts during the reading comprehension 
test. For the explicit teaching group answering the 
signaled texts and answering the non-signaled texts 
the mean scores were calculated. For the explicit 
teaching group answering the signaled texts mean 
score is 87.40 and SD is 8.41. For the explicit 
teaching group answering the non-signaled texts 
mean score is 73.10 and SD is 13.70. 
       Also, half of the no-teaching group was given 
signaled texts and the other half was given non-
signaled texts to be answered during the reading 
comprehension test. For the no-teaching group 
answering the signaled texts and answering the non-
signaled texts the mean scores were calculated. 
       For the no-teaching group answering the 
signaled texts mean score is 77.30, SD is 13.80. For 
the no-teaching group answering the non-signaled 
texts mean score is 63.80 and SD is 11.80. 
      The mean scores and standard deviations are 
given for each group in Table 1. 
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                                                 N              Mean       SD 
Explicit 
teaching N=50 

Signaled       25    87.40     8.41 
Non-signaled      25    73.10    13.70 

No teaching 
N=50 

signaled      25    77.30    13.80 
Non-signaled      25    63.80    11.80 

 

Table 1. Mean scores and standard deviations for each 
group 

 
      Then in order to test the differences between 
groups, two-independent-samples t-tests were run 
using SPSS. 
       First, to answer the first research question “Is 
there a significant difference in the reading 
comprehension scores between the subjects who have 
been taught signal words explicitly and the subjects 
who have not get any explicit teaching when they 
read signaled texts?” t-test was run. The result of the 
t-test is given in Table 2. 
 
       
(Signaled texts)    N   Mean Mean dif.    t     p 
Explicit teaching    

25 
  87.40   10.10    

2.44 
  
0.022 

No-teaching    
25 

  77.30 

Table 2. Results of t-test on the difference between explicit 
teaching group and no-teaching group  

(answering signaled texts). 
 

      The results of t-test show that there is a 
statistically significant difference between the mean 
scores of the explicit teaching group and no-teaching 
group answering the signaled texts (t = 2.44, p < 0.5). 
This result indicates that explicit teaching of signal 
words in the classroom makes difference in the 
student reading comprehension scores when they are 
given signaled texts. The students who are taught 
signal words explicitly have better scores than the 
students who are not taught signal words explicitly. 
      Concerning the second research question “Is 
there a significant difference in the reading 
comprehension scores of the subjects who have been 
taught signal words explicitly when they read 
signaled texts and when they read non-signaled 
texts?” two-independent samples t-test was run to 
find the difference between the subjects who read the 
signaled texts and non-signaled texts in the explicit 
teaching group. The results of the t-test are given in 
Table 3. 
 
(Explicit 
teaching) 

    N   Mean Mean 
dif. 

   t    p 

Signaled texts    25   87.40   14.30   3.46  0.022 
Non-signaled 
texts 

   25   73.10 

Table 3. Results of t-test on the difference between the 
subjects reading signaled and non-signaled texts in explicit 

teaching group. 
  

 
      The results of t-test show that there is a 
statistically significant difference between the mean 
scores of the subjects who read signaled texts and 
non-signaled texts in the explicit teaching group (t = 
3.46, p < 0.5). This result indicates that although 
students are taught signal words when they read non-
signaled texts, their comprehension scores are lower. 
        For the third research question “Is there a 
significant difference in the reading comprehension 
scores between the subjects who have been taught 
signal words explicitly and the subjects who have not 
get any explicit teaching when they read non-
signaled texts?” two-independent samples t-test was 
run. The results of the t-test are given in Table 4. 
 
(Non-signaled 
text) 

   N   Mean Mean 
dif. 

   t     p 

Explicit 
teaching 

   25   73.10   9.30    
1.98 

  0.057 

No-teaching    25   63.80 
Table 4. Results of t-test on the difference between explicit 

teaching and no-teaching groups when they read non-
signaled texts. 

 
      The results of the t-test show that there is a 
statistically significant difference between the 
explicit teaching group and no-teaching group when 
they read non-signaled texts (t = 1.98, p < 0.5). This 
result indicates that the subjects who have been 
taught signal words explicitly get better reading 
comprehension scores although they read non-
signaled texts. 
       In order to investigate how the students who 
have been taught signal words explicitly can answer 
the non-signaled texts better, 7 subjects who got 80 
and more from the reading comprehension test were 
interviewed. First, the subjects were asked what the 
problem was with the texts. All 7 subjects said the 
texts lack logical connections. Then the subjects were 
asked how they could understand the texts and 
answer the questions. All seven subjects said they 
inserted signal words which seem logical to combine 
the sentences. 
        Finally, concerning the fourth research question 
“Is there a significant difference in the reading 
comprehension scores of the subjects who have not 
get any teaching of signal words when they read 
signaled and non-signaled texts?” t-test was run to 
find the difference between the mean sores of the 
subjects who read signaled texts and non-signaled 
texts in the no-teaching group. The results of the t-
test are given in Table 5. 
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(No-teaching 
group) 

    N   Mean Mean 
dif. 

   t    p 

Signaled texts    25   77.30   13.50   2.88  0.008 
Non-signaled 
texts 

   25   63.80 

Table 5. Results of t-test on the difference between the 
subjects who read signaled texts and non-signaled texts in 

no-teaching group. 
 

      The results of the t-test show that there is a 
statistically significant difference in the reading 
comprehension scores between the subjects who read 
the signaled texts and non-signaled texts in the no-
teaching group (t = 2.88, p < 0.5). This result 
indicates that although the subjects are not taught 
signal words explicitly, when they are given signaled 
texts the comprehension scores are better than the 
subjects who read the non-signaled texts.  
 
 

5. Discussion 
 

      The results of this study indicate that both 
explicit teaching of signal words and reading 
signaled texts contribute to the reading 
comprehension. 
      First of all, the results show that when students 
are taught signal words explicitly by focusing on 
signals specifically, that is, explaining the meaning, 
purpose and functions both at the sentence level and 
paragraph level, reading comprehension scores are 
higher when compared to the no-teaching group if 
students read signaled texts. When students are 
taught signal words explicitly, they can make 
connections between sentences in the text easily and 
their comprehension is better when compared to the 
students who are not taught signal words explicitly. 
       Moreover, the results show that when students 
are taught signal words explicitly, although they read 
non-signaled texts, they can comprehend better when 
compared to the students who are not taught signal 
words explicitly. This finding indicates that teaching 
of signal words contribute to the reading 
comprehension regardless of text type as signaled or 
non-signaled.  
       Besides, the findings show that students who 
read signaled texts comprehend better than the 
students who read non-signaled texts if they are 
taught signal words explicitly. This finding suggests 
that reading signaled text is helpful in reading 
comprehension. Also, students who are taught signal 
words but given non-signaled texts to read 
comprehend better than the students who are not 
taught signal words and given non-signaled texts. 
These findings reflect that teaching of signal words 
contribute to the reading process. 

       These findings correlate with Khatib (2011) who 
found that one of the factors contributing to the 
overall comprehension of reading texts is the 
comprehension of discourse markers and the 
relationships between text propositions. Other factors 
include vocabulary, sentence structure, and 
background knowledge related to the content of the 
texts.  
       Moreover, the results of the study provide 
evidence for explicit instruction. As Doughty (2003) 
suggests, explicit instruction includes all types in 
which rules are explained to learners or when 
learners are directed to find rules by attending to 
forms. 
 
6. Conclusion 

 
       This study aimed at finding the effect of explicit 
teaching of signal words when students read signaled 
and non-signaled texts. Signal words were taught 
explicitly by focusing on signals specifically with 
different tasks and explanations of meanings, 
functions and purposes at the sentence and paragraph 
level to enhance students’ knowledge on signal 
words. Results of the findings gave an insight into 
reading comprehension of the students who were 
taught signal words explicitly when reading signaled 
or non-signaled texts. The explicit teaching of signal 
words demonstrated that it contributed to reading 
comprehension regardless of texts with signals or 
without signals.  
       As a conclusion, we can say that teaching signal 
words explicitly and giving students signaled texts to 
read contribute to reading comprehension in reading 
classes. Explicit teaching of signal words is also 
helpful to student understanding when the students 
read non-signaled texts because they can insert 
logical connectors between the sentences or ideas in 
the text when they get explicit teaching.   
 
7. Implications for the Teaching of Reading 

 
      Given the results in favor of signaled texts and 
explicit teaching of signals, it is recommended that 
the students should be provided with texts that have 
logical connectors so that they can understand the 
relations between the sentences and ideas in a text. It 
is also suggested that explicit teaching of signals may 
aid reading comprehension. In the reading classes 
students are given different tasks with the reading 
texts. An important task should be the focus on 
signals that indicate different relationships between 
sentences and ideas. Students should be taught what 
kind of development of the text the signal word 
indicates in the text, what kind of a relationship they 
establish between two sentences (or sequences of 
sentences), what hierarchy of importance in the text 
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the signal word represents and so on. Furthermore, 
considering the importance of signals in reading to 
make connections between the ideas in the text, 
students should be taught how to make better use of 
signals in order to understand the text better.   
 
8. Suggestions for Further Research 

 
       In this study, signal words were taught to a 
group of intermediate level students studying in 
English Language Teaching Department in Anadolu 
University. Future research could investigate the 
explicit teaching of signal words at different 
proficiency levels when students read signaled and 
non-signaled texts and the results could be compared 
among different proficiency levels. 
      Second, in this study the effect of explicit 
teaching was investigated on reading comprehension. 
It would be interesting to find out the effect of 
explicit teaching of signal words when students read 
signaled texts on recall. 
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Abstract - Labour quality and motivation has 

been a hot topic for businesses. It very much 
depends on the company's results and economic 
performance of the country as a whole. Below we 
analyze the new and old European Union (EU) 
member states' labour quality and motivation of 
the key indicators - productivity and wages, which 
is not only the factors. Generalizations will look at 
this as primarily Estonian-based emerging 
countries. Estonia can be regarded as a small 
European economic model, with its 
contradictions. Alongside the rapid economic 
growth and fiscal policy in accordance with the 
weak point of the labour market. 

Keywords - European Union, Estonia, labour 
quality, motivation, productivity, salaries, labour 
market. 

 
1. Introduction 

 
An important element in Estonia's post-

independence reorientation has been closer ties with 
the Nordic countries, especially Sweden and Finland. 
Estonia today is mainly influenced by developments 
in Sweden, Finland and Germany. These countries are 
also major partners in Estonia today, and we have also 
received from them after the restoration of most 
knowledge.  

Estonia has had a market economy since the end 
of 1990s and one of the highest per capita income 
levels in Eastern Europe. The current government has 
pursued relatively sound fiscal policies, resulting in 
balanced budgets and low public debt. A balanced 
budget, almost non-existent public debt, flat-rate 
income tax, free trade regime, competitive 
commercial banking sector, innovative e-services and 
even mobile-based services are all hallmarks of 
Estonia's market economy. The country is ranked 16th 
in the 2012 Index of Economic Freedom, with the freest 
economy in Eastern Europe and the former Soviet Union 
[1].   

Before the economic crisis, the economic growths 
of Estonia, Latvia and Lithuania were one of the 
highest in the European Union.  Hence these 
countries were called Baltic Tigers. The crisis, 
however, took the three countries to a completely 
different edge – the fall of their GDPs was one of the 

biggest in the EU.  After the crisis, the economic 
growth factors of Estonia have again been the biggest 
in the union. In 2011, the real GDP growth in Estonia 
was 7.6% [2]. 

However, the employment rate and wages in 
Estonia are one of the lowest in the EU. A thorough 
analysis of the development of a small economy such 
as Estonia will also help make more general 
conclusions, at least on the European level.  

After the economic crisis the GDP usually goes on 
an upward incline, while the unemployment is hard 
to curb. Why? To surmount the crisis, companies try 
to reduce the labour costs to a minimum. They 
endeavour to get rid of poor quality, redundant and 
also conflict-prone workers, in the first place. 
Concurrently a new problem rises – qualified labour 
is scarce. This problem does not only pester Estonia, 
it is endemic. One of the root causes are locally 
prevalent low salaries as compared to the 
remunerations paid in West-European countries. 

After the crisis the economy does not develop 
along the extensive track, but mainly by the intensive 
ways, i.e. on account of growth in productivity. 
Expanding of the production occurs mainly with the 
help of adopting more efficient machines and 
equipment and better work organisation, reducing the 
number of low-qualification workers and increasing 
the demand for high-qualification ones. Besides 
workers, that also affects the people with higher 
education and other specialists. Regardless of the 
relatively large unemployment an opposite situation 
has obtained in the labour market – in many branches 
of economy, the qualified labour is scarce. Due to 
free movement of labour in the EU countries a 
situation has obtained in the East-European member 
states, incl. also in Estonia: younger and experienced 
workers leave the country to work abroad, where 
salaries are higher. It is a foregone conclusion. 

 
Looking into the future, all this boils down to the 

need to increase the efficiency of production and 
productivity, and also to provide a competitive salary 
level. For elaboration of means necessary to enhance 
the efficiency of operating of the labour market, the 
complex analysis of labour market is needed.  
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Why not get paid such a high salary in the East-
European countries than in Sweden, Finland or 
Germany? The article focuses on the analysis the 
productivity and salaries and their relation in East-
Europe, in the first place in Estonia. It is usually 
alleged that salaries cannot be increased due to low 
productivity. Since Estonian productivity in ratios is 
over twice higher than the salaries, the question 
“Why?” suggests itself.  While the emphasis will be 
on Estonia, for theoretical generalisations the EU as 
an entirety has been partially involved in this article. 

After the opening of the EU labour markets, some 
EU countries started facing the problem of partial 
work force drain to richer countries with higher 
wages. From Estonia, the main migration is to 
Finland. At the same time, East-European countries 
face quite a high unemployment rate on the one hand, 
and many vacant jobs on the other hand – there is a 
lack of qualified work force. 

By reference to the above, the goal of this article is 
to analyse the major components affecting the labour 
market, the productivity and salaries and their 
relation in East-Europe, in the first place in Estonia. It 
is usually alleged that salaries cannot be increased 
due to low productivity. Since Estonian productivity 
in ratios is over twice higher than the salaries, the 
question “Why?” suggests itself.  While the emphasis 
will be on Estonia, for theoretical generalisations the 
EU as an entirety has been partially involved in this 
article. 

Hence the objective of this article is to analyse the 
labour market of new member states of the EU 
coming from East-Europe, with emphasis made on 
Estonia, more specifically the productivity, labour 
costs and salaries, problems associated with labour 
market, and to compare it with the EU levels. 

What are the opportunities to increase the labour 
market’s efficiency and salaries? 

Theoretical bases lay, as a rule on relevant 
positions of renown economists published in 
academic issues and concerning mainly East-Europe, 
analyses and reference data of international 
organisations (ILO, IMF, OECD, Eurostat etc.) and 
also on positions of present authors released in their 
earlier publications [3, 4].  

 
2. Analysis 

 
Productivity is an important economic indicator, 

directly impacting on development of the whole 
economy and companies, as well as workers’ salaries 
– ditto standard of living. Estonian salaries fall 
significantly short of the salary level of Nordic and 
West-European countries. Referred to as the grounds 
for that is our relatively low productivity, which does 

not enable increasing remunerations in Estonia to the 
level of Finland and other countries with advanced 
economy. 

 

Below we shall analyse, by reference to Eurostat 
source materials, how the factors affecting productivity 
have changed over an extensive period. We shall 
compare productivity and salaries both in Estonia and 
Europe. For instance, if the company would like to 
multiply the salaries, the production should yield the 
needed amount of extra money. Moreover, the 
company should retain, besides labour expense some 
money for overheads, profit etc. The income obtained 
should exceed the expense incurred. As a rule, labour 
costs constitutes the largest share in the company 
expense. 

 
Analysis of labour costs and average gross annual 

salaries in the European countries make public in 
December 2011 [4].   

 
 1997 2008 2009 2010 2011 
EU (27) 12,489  17,975  17,728  18,456  17,928  
EU (15) 15,222  20,910  20,697  21,350  20,911  
Germany  23,966  24,739  24,552  25,297  26,253  
Finland 15,023  23,170  23,643  24,449  25,385  
Sweden  16,072  24,271  22,418  25,369  27,320  
      

Table 1. Net  per year salaries, EUR, 1997–2011, Source: [5]  
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Figure 1. Net per year salaries, EUR, 2011 

Source: author’s illustration 
 

In new EU member states the average net annual 
salary in 2007 was 5266 EUR, significantly smaller 
than Estonian salary (in 2011 was 6664). Also 
contrastively presented herein is the EU candidate 
state Turkey’s salary, which was on an average level 
among the others. As regards the Estonia’s 
remunerations, presented in greater detail at the end of 
article will be separately the data on recent years. In 
the period under perusal the salaries of the new EU 
member states (CZ, EE, CY, LV, LT, HU, MT, PL, 
SI, SK) have grown 2.16 times, in the majority at least 
3 and in Estonia 4.34 and Lithuania 3.95 times. 
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 1997 2008 2009 2010 2011 
New States  2,438  :  : : : 
Estonia 1,522  6,695  6,353  6,438  6,664  
Latvia 1,364  5,031  5,137  5,096  :  
Lithuania 1,248  4,853  4,523  4,439  :  
Czech Rep. 2,640 7,378  7,144  7,614  7,915  
Hungary : 6,293 5,776 5,858 6,035 
Poland 2,588  5,509  4,625  5,189  5,370  
Slovenia 4,571 9,154  9,334  9,819  9,908  
Slovakia 1,649  5,363  5,706  5,884  6,094  
 

Table 2.  Net per year salaries in new states, EUR, 1997 – 
2011,    Source: [5]. 
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Figure 2. Net per year salaries in new states, EUR, 2011 

Source: author’s illustration 
 
In the years of 1999 – 2011, as a general rule the 

minimum salaries grew, however due to the 
economic crisis part of the countries had frozen their 
salaries for two to three years, incl. in Estonia to the 
level of 2008. The British decreased minimum 
salaries in 2011 as against 2008 and the Americans 
increased it substantially. In Estonia, is has 
nevertheless increased as from 1999 by 3.6 times; in 
Latvia 3.8 times and Lithuania 2.5 times. In increased 
still more in Romania (5.9 times) and Bulgaria (4.2 
times). It thence transpires that in evidence is the 
trend to level out the salaries, although at variable 
rates, significantly influenced by the position of their 
economies during the crisis and success of the policy 
in superseding the crisis. 

Discrepancies in minimum salaries still are 
overwhelmingly large. Hence in Bulgaria it was 13.0 
times lesser than in Luxembourg, 5.5 times lesser 
than in better economy post-socialist Slovenia and 
2.1 times lesser than in Estonia. Whereas in Estonia 
the minimum salary is 6.2 times lesser than in 
Luxembourg and 2.6 times lesser than in Slovenia. 
Whereas the Luxembourg’s minimum salaries are 
several times higher than in new EU member states. 
Reckoning with divergent price levels of the 
countries, Estonia’s minimum salary should be 362 
euro, subject to purchasing power standard (PPP).  

Labour productivity measures the value added per 
unit of labour input into the production process. It is 
provided per person employed and per hour worked. 

Measuring labour input in 'persons employed' does 
not distinguish between full-time and part-time 
employment. Labour input expressed in 'hours 
worked' is supposed to give a better picture of the 
development of labour productivity, but is more 
demanding on the source statistics. Productivity data 
are calculated as follows: 

 
•  Labour productivity per person employed: GDP 

in volume / no. of persons employed. 
•  Labour productivity per hour worked: GDP in 

volume / no. of hours worked [6].      
 
Per person employed (EU-27=100) 
 1995 1998 2004 2006 2008 2009 2010 
Germany 115.6 112.0 107.5 108.7 107.9 105.0 105.3 
Estonia 34.1 41.6 57.7 62.4 66.0 65.8 69.2 
Latvia 33.3 36.9 45.9 48.8 51.6 52.8 54.6 
Lithuania 36.2 41.1 53.8 56.8 62.1 57.5 62.3 
Finland 111.3 114.2 113.5 110.6 113.3 110.2 111.5 
Sweden 111.2 113.2 115.5 113.1 114.2 111.9 114.5 
Hungary 55.0 57.6 67.0 67.8 70.9 72.1 71.2 
Poland 46.0 50.8 61.9 61.1 62.3 65.6 66.8 
Romania : : 34.6 39.7 49.1 49.2 48.9 
Slovenia 66.8 75.5 81.5 83.4 83.8 80.9 80.4 
Slovakia 50.3 56.6 65.7 71.7 79.7 79.7 81.4 

 
Per hour worked  (EU-27=100) 
 1995 1998 2004 2006 2008 2009 2010 
EU-27 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Germany 131.1 128.7 125.6 127.6 126.6 124.7 123.9 
Estonia : : 48.5 52.1 56.0 59.0 61.0 
Latvia : : 36.5 38.4 42.9 44.5 46.7 
Lithuania 36.2 39.7 49.9 51.1 54.4 50.8 54.8 
Finland 108.7 111.8 110.5 108.1 112.0 108.3 109.6 
Sweden 117.6 117.8 120.6 118.1 117.9 114.2 115.4 
Hungary 47.5 49.0 56.4 57.0 59.5 60.2 60.1 
Poland 38.3 42.1 49.8 49.1 50.2 52.5 53.9 
Romania : : 31.5 35.5 43.7 42.9 43.0 
Slovenia : : 78.7 83.5 83.7 79.6 79.4 
Slovakia 46.4 53.9 63.3 67.5 74.2 73.6 74.6 
        
Table 3. Productivity, basing on PPS, per one worker and 

hour, 1995 – 2010,    Source: [8] 
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Figure 3. Higher productivity states  > EL=100 

Source: authors illustration 
 
Of higher productivity in EU and also globally is 

Luxembourg and Norway, external to EU. 
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Figure 4. Lower productivity states  < EL=100 

Source: authors illustration 
 
Of lower productivity are post-socialist countries, 

however somewhat higher is the level of Malta and 
Cyprus. Of somewhat higher productivity than 
Estonia is the EU-15 state Portugal. Of still higher 
productivity are EU post-socialist states Slovenia, 
Slovakia, Hungary and Czech Republic. Of EU 
candidate states, Croatia excels Estonia and Turkey 
maintains the same level.   
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Figure 5. Estonian productivity grew (EL=100), 1995-2011 

Source: authors illustration 
 
In Estonia the yield per worker i.e. in the period 

under scrutiny 2.0 times, however it got suspended 
during the economic crisis.  

 

Contrastively, in 2010 in Latvia the yield per one 
worker was 54.6% and in Lithuania 62.3%, as the 
EU-27 average. The highest among EU member 
states it was in Luxembourg (169.9), Ireland (136.9) 
and France (115.8) and the lowest in Bulgaria 
(41.3%) and Romania (48.8). In Norway (150.7) and 
USA (143.5) the productivity was 1.5 times higher 
than the EU average.  

 

The one working hour’s productivity displays a 
similar trend, the highest in Luxembourg 187.1. 
Estonia’s productivity amounts only to 61.0%.   

 

However the prevailing trend is that regardless of 
growth in productivity elsewhere, it rises in Estonia 
and also other EU new accessions noticeably quicker 
than in veteran and wealthy EU-15 countries. 

 
 

When analysing the EU-27 productivity (added 
value produced by one worker) as per branches of 
economy and size of companies, one cannot draw an 
equipollent (equal in force or effect) conclusion as 
regards the productivity and number of workers 
engaged in the company. It is conditional of the 
branch of economy. For that matter, productivity in 
energy and water management companies is the 
highest in small firms, with up to 9 persons on 
payroll. Whereas the largest productivity is 
evidenced in big firms, keeping in employ 250 
workers or more, the companies operating in the 
lease of movable property, accommodation (housing) 
companies and in total all branches of economy as an 
entity. Textile and habiliment (articles of clothing) 
firms have the largest productivity, with number of 
workers from 10 - 49; so do the timber companies 
with number of workers from 50 – 249 [9].  

 

Below we will analyse in greater detail, from 
among productivity indicators of Estonian companies, 
the labour expense in current prices, or which the 
predominant share is constituted by salaries.  

 

We will look at Estonian productivity indicators 
both by reference to sales revenue and added value as 
per employed and the same by reference to hourly 
productivity, mainly on new methods (Classification 
of Economic Activities (EMTAK) 2008), applied in 
2008.  

 

In Estonia, productivity differs little as per company 
size up to 249 workers. In 2003 and 2007 the largest 
productivity was boasted by firms with workers from 
50 – 99; in 2005 with workers up to 9 people and for 
the rest under survey from 100 – 249 workers. 
Invariably, big companies of lesser productivity had 
250 workers and more. That can be accounted for by 
larger flexibility in management of lesser companies, 
lesser number of ancillary personnel and also because 
workers of small companies are more of “jacks of all 
trades” than in big companies. In big firms 
productivity is sapped, as a general rule by large 
overheads. 

 
Estonian labour productivity growth in 2010 was 
4.6%, 2011 = -1.7% [10].  
 
Labour productivity per person employed on the basis of net 
sales, thousand euro’s. 
 

 2001 2004 2006 2008 2009 2010 2011 2012 
I Q 10.8 13.6 17.6 21.2 18.5 20.8 25.2 27.0 
II Q 12.2 15.2 20.2 23.4 20.4 24.0 27.6 29.2 
IIIQ 12.3 15.4 21.0 24.0 20.8 25.2 28.1  
IVQ 13.4 16.6 22.0 22.0 21.7 26,8 29.3  
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Labour productivity per person employed on the basis of 
value added thousand euros. 
 

 2002 2004 2006 2008 2009 2010 2011 2012 
I Q 2.1 2.5 3.4 4.2 3.2 3.5 4.3 4.7 
II Q 2.5 2.8 3.9 4.6 3.7 4.1 5.0 5.3 
IIIQ 2.5 2.8 4.2 4.6 3.5 4.4 5.0  
IVQ 2.6 2.9 4.5 4.0 3.8 4.7 5.1  
 

Table 4. Productivity indicators of Estonian companies in 
current prices, 2001-2012. 

Source: [11] Code: FS0411. Statistics Estonia 
 

Productivity as per employed by reference to sales 
revenue was over 20 thousand euro as from the 
second half of 2006. In 2009 QI a dramatic decline 
occurred, again followed by a slowly ascending 
growth, whereas 2010 QIII and QIV were record-
breakers. Admittedly Estonia has made its exit from 
the economic crisis mainly along the intensive track, 
i.e. on account of growth in productivity.  

 

Productivity as per employed by reference to net 
value added has changed due to other regularities. As 
late as in 2010 QIV, Estonia attained the level of 
three successful quarters of the pre-crisis 2007. 
Whereas in 2010 QIV the level was already 1.5 times 
higher than productivity in the deepest slump of 
crisis in 2009 QI.  

 

After the crisis, productivity recovered quicker by 
reference to sales revenue than by reference to value 
added, which implies the runaway selling prices after 
the crisis. 

 

Whereas the above analysis per quarters support 
evidence to the surmise that in the period of 
economic crisis the changes are extremely rapid and 
consequently the analysis with one year precision 
will not yield a correct picture of changes underway. 

 
By reference 
to 

2005 2006 2007 2008 2009 2010 

…sales 
revenue  

72.1 81.2 92.2 93.6 81.2 95,6 

… value added 14.7 17.4 19.3 18.7 17.4 16,7 
 

Table 5. Estonia companies’ productivity per employed, 
thousand euro, 2005 – 2010 

Source: [12] 
 
Sales revenue as per employed, of the first quarter 

of 2010 was 44.3 thousand euro. It is more than in 
the previous year; nevertheless it falls short of 2007 
and 2008 average.  
 

Business sector’s productivity by reference to the 
net value added increased in 2010 by18%, whereas 

the companies’ average labour expense per employed 
kept on the level of 2009.  

 
 2009 2011 
 IQ IIQ IIIQ IVQ IQ IIQ IIIQ IVQ 

Gross…    837 887 787 832 854 923 841 907 
Net …    680 719 639 673 685 737 674 725 

 
Table 6. Average quarterly monthly salary, euro (EMTAK 

2008), 2009-2011. 
 

Note: Embraced have been companies of more than 49 workers and 
all governmental and municipal institutions and organisations. 
Embraced have been workers under Employment Contract, Service 
Contract and Public Service Act   [13].  

In 2010 IV quarter the share of net monthly salary 
constituted 80% of gross monthly salary, being among 
the highest in the EU member states. 

Quite naturally, in the pre-crisis year the salary and 
consequently labour expense were larger than in 2009. 
As from the second quarter 2010 the level of the 
previous year was superseded, however there was a 
shortfall, as compared to the pre-crisis time.  

As per areas of activities the IV quarter of 2010 
continually displayed the largest gross monthly salary 
in finance and insurance business (1337.73) and in 
information and communication (1305.33). Salaries in 
manufacturing industry (777.10); trade (740.74) and 
building (853.35) were much lower. The lesser area 
however was „other servicing business“ – 502.41 
euro. Average gross monthly salary in 2010, IV 
quarter was the largest in Tallinn 920.46 and Tartu 
811.93 and lower in Valga 610.48 euro [14]. 

For analysis of the real income the impact of 
inflation must also be considered, whereas in 2010 the 
CPI was much higher than before the crisis. Real 
salary, reckoning the impact of change in CPI and 
showing salary’s purchasing power, declined for nine 
quarters on end. In 2010, IV quarter the real salary 
dropped by 1.2%. 

 
Monthly: 2002 2005 2008 2009 2010 2011 2012 
I quarter        
gross wages 366 475 788 776 758 792 847 
labour cost   498 640 1 059 1 055 1 030 1 074 1 148 
II quarter        
gross wages 406 530 850 813 822 857 900 
labour cost   549 713 1 145 1 105 1 114 1 159 1 218 
III quarter        
gross wages 374 498 800 752 759 809 .. 
labour cost   506 670 1 078 1 024 1 027 1 096 .. 
IV quarter        
gross wages 416 555 838 783 814 865 .. 
labour cost   565 750 1 137 1 069 1 105 1 175 .. 

 
Table 7. Average gross monthly wages and labour cost per 

employee, euro, 2002-2012,   [15]. 
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Embraced have been workers under Employment 

Contract, Service Contract and Public Service Act. 
While on the one hand it is emphasised that the 
salaries of government and self- governments were 
frozen, because before crisis they enjoyed a non-
motivated large growth, the growth analysis of 
salaries of 2010, IV quarter contradicts to it. Lesser 
growth of salaries was evidenced in private sector  
[16].   

 
Productivity reverted to decline in the second half 

of 2007 and attained the trough of the slump in 2008, 
IV quarter. Whereas salary increased and its record 
sizes were evidenced in 2008 II and IV quarter, 
where productivity had plummeted. 
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Figure 7. Estonian gross salary, %, 2000-2011 

Source: authors illustration 
 
    In Estonia, in the 4th quarter of 2011, the average 
monthly gross wages and salaries were 865 euro and 
the average hourly gross wages and salaries were 
5.19 euro. Compared to the 4th quarter of 2010, the 
average monthly gross wages and salaries grew 6.3% 
and the average hourly gross wages and salaries by 
7.4%. [17].  
 
 

 

  1994 1995 1996 1998 2000 2002 
EU (27)  : : -0.6 -0.7 0.2 -0.4 
EU (15)  : : -0.8 -0.6 0.3 -0.3 
Estonia  10.1 -5.3 -4.4 -0.7 -1.9 -0.9 
Latvia  5.8 -15.7 4.4 -3.1 -6.6 -4.1 
Lithuania  8.3 -6.9 7.3 3.1 -8.5 1.6 
 2004 2006 2007 2008 2009 2010 
EU (27)  -1.5 -1.1 -0.8 0.8 2.8 -1.4 
EU (15)  -1.0 -0.8 -0.6 0.8 2.9 -1.2 
Estonia  1.0 0.4 6.2 8.4 1.2 -9.2 
Latvia  -0.4 4.9 5.8 6.6 -5.6 -8.5 
Lithuania  0.8 3.4 -1.8 0.5 0.9 -9.5 

 

Table 8.  Real salary unit growth as per productivity, %, 
1994 – 2010,  Note: 2012 are forecasts. 

Source: [18]. 
 
At the inception of the decade under survey, 

starting from 2001 the largest growth in gross 
monthly salary was witnessed in state companies and 
smaller in foreign entities under private law. In 2009 
all forms of ownership experienced a drop in salaries, 
mostly in Estonian entities under private law.   

 

As a general rule, Estonian salaries have exhibited 
slower growth than productivity. That holds true also 
for other countries presented herein. Whereas 
sporadically impressive leaps occur in both 
directions.  

 

In 2007 and 2008 there took place a large growth 
of salary unit as per productivity in the Baltic states. 
2010 evidenced the contrary development.  

 

In 2011 Estonian salaries grow quicker than 
productivity, however in 2012 under prognosis 
productivity will grow more impetuously than 
salaries.  

 

Measured in a large number of indicators of 
labour quality. Be it the qualification category of 
workers or engineers of education and work 
experience, and of course all sorts of training courses 
and a lot of other [19]. 

 

The motivation is the desire to do the work and do 
well. Low wages and workers' incentive to work is 
relatively small. This is characterized by the fact that 
at the time of high unemployment, high number of 
vacant sites and even some of the unemployment rate 
began to rise. Unemployment at a record high 
(2010Q1) was vacant jobs and careers in all regions 
of Estonia. [20]. This was also confirmed by a 
number of departmental social studies [21, 22].  

 
 
 
 



 TEM Journal – Volume 2 / Number 1/ 2013.                                                                                                                41                           

3. Conclusions 
 
To sum up, during the economic crisis all 

Estonian economic indicators worsened. 2010. 
witnessed a major advance, and subsequently the pre-
crisis GDP was passed.  

In 2011, the monthly labour productivity in 
Sweden and in Finland was 1.61 times higher when 
compared to Estonia; the respective rates for hourly 
labour productivity were 1.89 and 1.80. The 
difference, however, is continually decreasing.  

 In 2011, the net annual salary in Sweden was 27 
320, in Finland 25 385 and in Estonia 6 664 Euros – 
the respective relations being 4.10 and 3.81. 

Based on the data from Sweden, the annual net 
salary in Estonia according to labour productivity 
should be 16 864 or 14 455 euro, that is over two 
times higher than it is now.  Based on Finnish data, 
the respective figures are 15 965 or 14 193 euro. We 
are currently comparing net salaries due to the 
differences in Swedish, Finnish and Estonian tax 
systems.  

However, it is not enough to compare merely 
gross and net salaries: for a deeper analysis, price 
levels, social expenditures, family budget and other 
social figures must also be observed. As it is known, 
the highest price levels are in Switzerland, Norway 
and from EU countries, Denmark.  

In Estonia, certain prices of more expensive goods 
and services may even reach the price levels of 
Germany, but in overall, the price levels in Estonia 
are still lower than in richer Western European 
countries.  
    When comparing the salaries in public and private 
sector in Estonia, it must be considered that in public 
sector, the number of people with higher education is 
much bigger than in private sector. Therefore it is not 
feasible to compare, for example, the salaries in 
education (public sector) with salaries in services 
(private sector), as the qualifications of workers are 
too different. Unfortunately, the salaries of workers 
with higher education do not differ that greatly from 
the salaries of workers with basic education.  

Estonian productivity is 69%, but salaries are 
below 30% EU average. Consequently at such level 
of average productivity it is, as a general rule 
possible to raise salaries primarily on the expense of 
owner profit. This would also lessen the drain of 
qualified workforce. Keeping qualified workers in 
Estonia is in the long run also beneficial to the 
employer. A reasonable raise in the salaries would be 
a beneficial future investment for the companies. As 
for the rise of profit, it would be insured by keeping 
qualified workforce and by lessening or saving from 
training expenses on new employees, etc. But we 
mustn’t also forget the golden rule of economic 
theory: the main goal of a business enterprise is 

earning profit to its owners. Hence, the conflict of 
interests arises. Therefore we may also look at 
different enterprises from a viewpoint of whether 
their activity is focused on today only or does it also 
consider the future.  

Productivity in ratios of other post-socialist 
countries, new EU states is also substantially higher 
than salaries.  

Significant discrepancy of productivity and salaries 
causes movement of labour of East-European states to 
the states of higher salaries. Whereas it must be taken 
into account that East-European countries produce, as a 
general rule goods of lower value than in Western 
Europe.  

Nevertheless the labour market will put in place, in 
due course of time the correct relation of productivity 
and salaries, but by that time new EU member states 
will have lost part of their precious labour. 

The possibility of raising salaries should be analysed 
separately according to economic branches, jobs and 
professions. The countries of Eastern Europe, including 
Estonia, could try to model after the experiences of 
developed industrial countries.  

The salaries could be raised in there areas where the 
result (turnover and profit) is more connected to the 
quality if workforce, in order to find better and more 
competitive employees. It should also be certainly 
connected to the productivity and quality of work 
through salaries and bonus systems.  

Today, business requires a highly skilled and motivated as 
well as quickly adapt to people. Often the young person does 
not meet the qualifications of the labour market, and the 
company no longer. 

These generalisations could also be made to other 
new European Union countries.  
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Abstract - Ejectors are used to lower the temperature 
of water in the district heating system at the level of 
system temperature 90/70°C. The basic advantages of 
the ejector, as a unit for mixing, the simplicity, safety 
and which has no moving parts. To work the ejector is 
necessary to have the terminal consumers significant 
difference in effort between supply and return water 
heat networks, at the expense of that is getting 
increased water velocity at the exit of the ejector 
nozzle, it is necessary to create the effect of injection 
(mixing). Therefore, the flow of water in the local 
heating system will change in direct proportion to the 
flow of water from the thermal network through the 
ejector nozzle. Serious deficiencies schemes with the 
absence of a ejector independent circulation of water in 
the local heating plant. When you cut the flow of water 
from the heat network in the ejector nozzle, for 
example, the exclusion of the thermal network fault, 
the interrupted water circulation in the installation of 
heating, which can lead to the freezing of water in 
service. When the account pressure drop in heating 
systems and 15,000 Pa usually applied ejector, and 
more pressure is used centrifugal pumps. 
 
Keywords: Eejector,Ccalculated, Experimental, 

Comparative,Aanalysis. 
 
 
 

1.Preliminary note 
 
To work ejector, Figure 1, it is necessary to have the 
terminal consumers significant difference in effort 
between supply and return water heat networks, the 
account that is getting increased water velocity at the 
exit of the ejector nozzle, it is necessary to create the 
effect of the injection. Ejector practically realized the 
constant coefficient of injection (mixing). Therefore, 
the flow of water in the local heating system will 
change in direct proportion to the flow of water from 
the thermal network through the ejector nozzle. 
 
 
 
 
 
 

 

 
 

Figure 1. Cross section of the ejector (1-jets; 2-receiving chamber; 3-mixing chamber; 4-diffuser) 

1 2 3 4 
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The original expression for the calculation of the ejector, is derived from the equation for the 

exchange of impulses in the mixing chamber, Figure 2, which has the following form: 
 

( ) ( ) ( ) ( ) ....1122331132233212 rrnnrrnnrnninrr fpfpfpfppfppWGGWGWG −−=−+⋅−=⋅+−⋅+⋅ϕ (1) 
 

 
 

Figure 2. Model for the calculation of the ejector 
 
From the equation of continuity of the velocity are 
obtained in the individual cross sections in the form 
of: 
 111 rrrr fvGW ⋅=                  (2) 

22 nnnn fvGW ⋅=                 (3) 
( ) 33 fvGGW snr +=             (4) 

 

Applying the equation of energy, according to: 
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Impeachment of expression (2) to (7) in equation (1) 
we have the following: 
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further rearranging we have: 
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or in the form: 
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With respect to: 
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Dividing equation (12) with the expression 
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or in the form: 
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The final form of equation (14) is: 
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From equation (15) it can be seen that for a given 
mixing coefficient (U) pressure drop is proportional 
to the pressure drop ejector racial fluid. Similarly, we 
can conclude that the relation rs pp ∆∆  depends on 
the relation flow ejector section 13 rff , the 
coefficient of velocity specific parts ejector 
( 4321 ,,, ϕϕϕϕ ),  injection coefficient (U) and does not 
depend on the absolute size of the available pressure 
of the working fluid rp∆ . 

When compared to the cross section 
413 >rff , which is commonly used in practice, 

equation (15) gives high accuracy in all its oblstima 
priemne, from 

 
( ) 0=∆∆ Urs pp  do 0=∆∆ rs pp   (16) 

 
In practice, applied and highly demanding 

ejectors, where the ratio of surface 413 <rff .  In 
calculating such ejectors, equation (15) gives a 
higher pressure drop values in rs pp ∆∆  major areas 
koeficijentaa injection (U). Calculation of the 
characteristics of such ejector is done via another 
equation that takes into account the change in the 
fluid flow section at the entrance part of the mixing 
chamber 12 rr ff < , which allows the reduction of 
static pressure at the inlet part of the mixing 
chamber, the nr pp < . This equation has the form: 
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Therefore, we have: 
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For injection coefficient U = 0, ejector develops a 
maximum ratio rs pp ∆∆ , which is determined by 
the equation: 
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Characteristic equation without ejector 
diffuser has the following form: 
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For equal specific volume, equation (22) takes the 
form: 
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2. Experimental analysis 

 
Experimental characteristics of ejectors were 

tested in the laboratory of Mechanical Engineering, 

University of Pristina, in which is fitted to the 
experimental device is shown in Figure3.

 

 
 

Figure 3. Experimental set ejector (1-ejector, 2- circulator 
pump, 3-expansion court, 4-valve in front of the ejector 
nozzle,  5-valve imitation of resistance heating system,  6-
measuring grinders, 7-valve suction ejector, 8-valve drain 
water from the expansion vessel, 9-valve system for 
supplying water from the water mains, 10-jet ejector) 

 
For different values otvranja valve 4 pressure 

values were read 21,,,, ppppp snr . Consumption of 

water working rG  is determined from the pressure 
drop at the nozzle ejectors, starting from the 
equation: 

r

rr
r p

vGf
∆

=
21

1 ϕ
   (24)   

that is: 

rr pG ∆⋅= −4108,2    (25)  
 

Where is the pressure difference 
nrr ppp −=∆ is expressed in Pa. 

Consumption of mixed water is determined 
from the pressure drop on the viewing grinders: 

 

ss pG ∆⋅= −31025,1    (26)  
 

Where  12 ppps −=∆ is the pressure drop 
on the viewing grinders expressed in Pa, while the 
consumption of sG  obtained in the skg  

The amount of injected water: 
 

rsn GGG −=              (27)
  

Upon determination of nG  and rG , 
determine the coefficient of rn GGu =  shots for a 
given mode. On the experimental installation, Figure 
3, are built ejectors following characteristics: 

 
Knowing the ratio of areas 13 rff  and u  

coefficients injkecije get a point in the coordinate 
system. Experimental test results are shown in Figure 
4 . The results show that the change of pressure in 
front of the ejector nozzle rp , mean changes in 
pressure difference nr pp − , the gradual opening of 
the valve 4, the injection coefficient and pressure 
ratio is around rs pp ∆∆  constant size, while the size 
of a variable in a system of labor occurs consumption 
of water and injected water, Figure 4, A regime. 



TEM Journal – Volume 2 / Number 1/ 2013.                                                                                                                        47 

Table T1. Characteristics ejector 
Ordinal 
number 

Diameter,mm relationshi
p 

 Chambers 
  mixing 

Nozzle 
31 ff  

1 10 3 0,0900 
2 25 5,20 0,0432 
3 30 5,10 0,0289 
4 35 6,10 0,0305 
5 47 9,50 0,0041 

 
Knowing the ratio of areas 13 rff  and get 

the point of injection coefficient in the coordinate 
system. Experimental test results are shown in Figure 
4. The results show that the change of pressure in 
front of the ejector nozzle, means changing the 
pressure difference, the gradual opening of the valve 
4, the injection coefficient and pressure ratio is 

approximately constant values, while a variable size 
in system performance occurs consumption of water 
and injected water,  table T1 mode A . 

Results of experimental tests, the results 
confirm ispitivanjog injection coefficient, equation 
(28) and (29): 
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At the same pilot plant tests were performed, 
the characteristics of the ejector with the change in 
resistance of the meat system. 
When the gradual closing of the valve 5 increased 
resistance heating systems and dobeijene the 
different values of the injection and relation of 
pressure drop, Figure 4/1, the regime B. During 
testing valves 4 and 7 ,  were completely open.  

As can be seen from the test results, there is a 
limit to increase the resistance of the meat of the 
system, since the injection coefficient becomes 
negative, which means it does not perform ejector 
suction povrtanog water from the water, but on the 
contrary, a certain amount of water from the water 
flows to the timing return line. In this case the form 
hidroulička two rounds: one is the movement of 
water from the water through a valve timing 7 in 
return, and the second is the movement of water from 

the water through a valve timing 5 in return. Further 
increase resistance system remains one hidroulički 
round water valves through seventh In this case, 
through the ejector is not flowing water, which 
means that the injection coefficient takes a minimum 
value of the 1−=U .  

Next examine characteristics of the ejector 
was carried out at total otvranju valve 4 and 5 
Changes in the system of the system is achieved 
stepwise functional closure valve 7 at the entrance 
chamber for mixing. Test results are shown in Figure 
4/1, C regime and show that in this regime the 
injection coefficient decreases. 

Results tests in Figure 4 show that the actual 
characteristics of the ejector behind budgetary 
performance. It is a sign that the proposed speed 
ratios of some parts of the ejector, which were 
applied for the calculation, are higher. 
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Figure 4. Calculation and experimental characteristics of ejectors in various modes  
(1- 10331 =dd ; 2- 2.5/2531 =dd ;3- 1.5/3031 =dd ;4- 1.6/3531 =dd ;5 475.931 =dd ) 

DPs/DPr-P- computational characteristics of the ejector, according to equation (15); 
DPs/DPr-A- regime A;DPs/DPr-B- regim   B;DPs/DPr-C- regime  C; 

 
 
 
3.  Conclusion  

 
        As can be seen from the test results, there is a 
limit to increase the resistance of the meat of the 
system, since the injection coefficient becomes 
negative, which means it does not perform ejector 
suction povrtanog water from the water, but on the 
contrary, a certain amount of water from the water 
flows to the timing return line. 

 
       Results tests in Figure 4 show that the actual 
characteristics of the ejector behind budgetary 
performance. It is a sign that the proposed speed 
ratios of some parts of the ejector, which were 
applied for the calculation, are higher. 
 
On this basis we conclude: 
 

1. The results obtained on the ejector shown 
that for ordinary working conditions actually 
mixing ratio gets lower than the theoretical, 
which is calculated.This is explained by the 
existence of structural defects in the diffuser 

and the entrance part of the mixing chamber, 
and also the low quality production. 
 

2. Pri budget ejector shown structures, should 
be taken to lower the value of the coefficient 
of velocity diffuser and inlet mixing chamber 
works. 
 

3. To increase the effectiveness of the ejector it 
is necessary to perform structural refinement 
and increasing the quality of production parts 
ejectors. 
 

4. Comparative analysis of the obtained optimal 
feature size ( )UfPP rt 1=∆∆  and 

( )Uf2=η  with the data examined, we 
defined speed ejector odds for over 

4321 ,,, ϕϕϕϕ  ejktora types and for different 
relations 31 ff . In this way, the theoretical 
equation for the characteristic ejectors we 
approached the factual situation. 
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4.  Marks  

31,dd -diameter nozzle and mixing chamber, m 

321 ,, ppp nr -working pressure of the water in front 
of the nozzle, and the water that is injected into the 
cross section (2-2) and mixed water in section (3-3), 
Pa ; 

nr GG , -amount of working in front of the water jets 
and the water is injected into the input chamber, 

seckg ; 

321 ,, WWW rr - operating speed of water, water that is 
injected into the section (2-2) and speed of water 
mixed in the intersection (3-3), secm ; 

31, ffr -sectional area of the nozzle exit and the 

intersection of the cylindrical mixing chamber, 2m ; 

132 rn fff −= - Sectional area of the injected flow in 
the inlet section of the cylindrical part of the chamber 
dilution 2m ; 

4321 ,,, ϕϕϕϕ -coefficient of velocity jets, cylindrical 
mixing chamber, diffuser, parts of input mixing 
chamber; 

snr vvv ,, -Specified working volume of water, the 
water is injected into the inlet chamber and the water 
at the exit of the draft tube, kgm3 ; 

nss ppp −=∆ -pressure difference created by the 
ejector, Pa ; 

nrr ppp −=∆ -available duct pressure drop through 
the proper operating pressure, Pa ; 

2ppp nk −=∆ -drop in static pressure at the inlet 
section of the chamber dilution, Pa ; 

222 rn ppp −= -static pressure at the inlet part of the 
mixing chamber Pa ; 

3p -pressure at the outlet section of the mixing 
chamber, Pa ; 

nppp −=∆ 33 -drop in pressure at the outlet section 

of the mixing chamber, Pa ; 
U -injection coefficient 
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Abstract – Electric energy is one of the fundamental 

resources of modern industrial society. Electric power 
is available to the user instantly, at the correct voltage 
and frequency, and exactly in the amount that is 
needed. This remarkable performance is achieved 
through careful planning, design, installation and 
operation of a very complex network of generators, 
transformers, and transmission and distribution lines. 
We must examine all possible types of fault or 
abnormal conditions which may occur in the power 
system. The analysis of power systems under faulted 
condition provides information regarding circuit 
breaker selection, relay setting, and the stability of the 
systems operation. 

In this study, a balanced three phase fault current at 
a given bus of the system is calculated by using 
different methods. Especially emphasis on the MVA 
method and compared other conventional methods.  

 
Keywords – Fault Calculation, MVA Method, Ohmic 

Method, Per-Unit Method 
 
 

1. Introduction 
 

   Electrical energy consumption increases more 
and more on a daily basis. Technological 
development is the reason for the use of electrical 
energy. Therefore, every year many more power 
stations, transmission lines and substations are 
constructed. This situation increases the fault current 
levels in power systems. 

 
   The analysis of power systems under faulted 

conditions provides information regarding circuit 
breaker selection, relay setting and the stability of the 
system operation [1]. It is important to determine the 
values of system voltages and currents during faulted 
conditions, so that protective devices may be set to 
minimize the harmful effects of such contingencies  
[2]. The proper coordination of protective relays and 
the correct specification of circuit breaker rating are 
based on the result of calculations. The performance 
of the power system is simulated in what is called 
transient stability analysis under a variety of 
disturbances, such as short circuits, sudden large load 
changes, and switching operations [3]. Sometimes 
short circuits present a possibility of damage to the 
equipment, and loss of synchronous machines. It is 
an unwanted situation. 

   The short-circuit current levels can be very high. 
The level depends on fault types. There are two 
effects of the magnitude of the short circuit current. 
One of them is thermal and the other one is dynamic. 
No substation equipment, motor control centers, 
breaker panels, etc.., are supposed to be selected 
without the knowledge of the complete short circuit 
information of the entire power distribution system 
[4]. 

 
   There are various methods to determine short 

circuit current values but only one of them is 
discussed and presented in this paper. Some brief 
information is given about the other short circuit 
calculation methods.  
 
 
2. Methods of Symmerrical  Three-Phase Faults 

Calculations 
 
   The normal mode of operation of an AC power 

system is balanced, there-phase. However, there are 
undesirable but unavoidable incidents that may 
temporarily disrupt normal conditions, such as when 
the insulation of the power system fails at any point 
or when a conducting material comes in contact with 
a bare conductor. In such cases a shunt fault has 
occurred. A fault may be caused by lightning, trees 
falling on the electric wires, vehicular collision with 
the poles or towers and so forth. 

 
   Shunt faults may be classified under four types. 

The different types of faults are listed here in order of 
frequency of their occurrence. 

 
1-Single line-to-ground fault (SLG) 
2-Line-to-line fault (L-L) 
3-Double line-to-ground fault (2LG) 
4-Balanced three-phase fault. 
 

2.1. Comparision of Short Circuit Calculation Methods   
 
   Fault calculations provide information on 

currents and voltages of a power system during fault 
conditions. Short-circuit currents are computed for 
each relay and circuit breaker location and for 
various system contingency conditions, such as lines 
or generating units out of service, in order to 
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determine maximum and minimum fault currents. 
This information is useful to the design engineer is 
selecting circuit breakers for fault interruption, 
selecting relays for fault detection, and determining 
the relay settings, which is referred to as relay 
coordination. The proper selection and setting of 
protective devices ensure minimum disruption of the 
electrical service, and limits possible damage to the 
faulted equipment. 

 
  Sufficient accuracy in fault studies can be 

obtained with certain simplifications in the model of 
the power system. These assumptions include the 
following; 

 
1-Shunt elements of the transformer model are 

neglected, that is, magnetizing currents and core 
loses are ignored. 

 
2-Shunt capacitances in the transmission line 

model are neglected. 
 
3-Transformers are assumed to have nominal tap 

positions. 
 
4-All internal voltage sources are set equal 

to1,0+j0 p.u. terminal voltage. 
 
This set of assumptions is equivalent to neglecting 

prefault load current [3]. 
 
A simple power system are given below in figure 

1. Types or formulas are given for each component 
for various fault calculation methods.  

 

 
Figure 1. One line diagram for the comparison of various 

methods 
 

System 0,380Ω
500

13,8
(MVA) S

(kV)Ux
22

===  

Feeder 0,151Ωx =  

Trans. 0,063Ω
500
2,40,055

S(MVA)
(kV)Uxx

22

pu ===  

Motor 
0,369Ω

500
2,40,016

S(MVA)
(kV)Uxx

22

pu ===  

Table 1. Ohmic Conversion 
 
 

System pu 1,00
500
500

(SC)MVA 
(MVA)  BASEx pu ===  

Feeder 
pu 0,396

13,8
5000,151

U
(MVA)  BASExx 22pu ===

 

Trans. 
pu 5,5

5
5000,055

MVA
(MVA)  BASExx

t
pupu ===

 

Motor 
pu 32,0

2,5
5000,16

MVA
(MVA)  BASExx

m
pupu ===

 

Table 2. Per-Unit Conversion 
 
 

 

System 
MVA 500  

Feeder 1260
0,151
13,8

(Ohms)x 
kV MVA

22

===
 

Trans. 
91  

0,055
5

x
MVA

 MVA
pu

t ===
 

Motor 
15,6  

0,16
2,5

x
MVA MVA

pu

m ===
 

Table 3. MVA Conversion 
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Figure 2. a) Ohmic Method Reactance Diagram b) Per-Unit Reactance Diagram c) MVA Diagram 

 
 

Methods Fault  
Condition 

Ohmic 
Method 

Per-Unit 
Method 

MVA 
Method 

Fault @ 2,4 kV Bus 
Witout Motor  Cont. 

77,8 MVA 72,6 MVA 72,6 MVA 

Fault @ 2,4 kV Bus 
With Motor Cont. 

88 MVA 88MVA 88 MVA 

Table 4. Result of the Comparison of Methods 

 
3. Analysis  and Solution of Power Plant 

Symmetrical Three-Phase Faults on MVA 
 
  To design a real power system which consists of 

generators, transformers, transmission lines, 
distribution transformers, switches, circuit breakers, 
reading and  measurement devices. Usually the 
length of he transmission lines is rather long. The 
fault risk ratio increases depending on transmission 
lines length and number of lines. 

 
   The objective is to find how much short circuit 

current flows from the sources to the fault, when a 
symmetrical three-phase short circuit occurs at any 
location (buses or lines) in a power system. As a 
result of the process, the calculations slow us how to 
select circuit breakers, what should be their MVA 
values and current rating (steady state and transient 
state), and voltage ratings as well [5]. 

 
   As an example, an industrial power plant is 

analyzed. The plant has two generators. It is 
connected to the 138 kV system of the power plant.   

All data related to the system connections, generator, 
main and auxiliary transformers, etc.., are available. 
Line-to-line rms voltage levels of the plant are: 138 
kV, 34,5 kV, 13,8 kV, 4,16 kV. All loads are 
ignored. The resistive components of all impedances 
are also ignored. Power plant and data values are 
given in Fig.3. 

 
   Cumpute the three-phase fault MVA’s and fault 

currents (in ampares, rms) for  the following three-
phase locations:  

 
138 kV bus of the plant. 
34,5kV bus of the plant. 
 
  Determine the individual generator and system 

fault contributions is MVA during faults 1,2 and 
determine all transformer and line MVA flows as 
well. 
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Figure 3. An Industrial Power Plant 

3.1.  Analysis And Solution Fault at 138 kV Bus 
 
   Fault at 138 kV bus, all breakers open. Assume 

no load at any of the buses and all “boxed” values are 
in MVA. A “boxed” value of a component is given 
as a short circuit MVA flow from the system if the  

 

 
component is supplied by the system directly, and it 
is short circuited at its terminals. It is equal to its own 
MVA base divided by its own per-unit impedance for 
transformers, generators, motors, etc. 

 
Figure 4. Fault at 138 kV Bus 

 
We must transform the “delta to a wye 

configuration. The a,b,c notations taken from the  
figure above will be used in a delta-wye transform. 
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Figure 5. a) MVA Contributions, Fault at 138 kV Bus  
                b) MVA Contributions, Fault at 34,5 kV Bus 

 
 

 
4. Conclusion 
 

  The MVA method is easier than the other 
methods. There are many reasons why the MVA 
method is recommended for industrial power system 
short circuit calculations 

 
  It does not require a common MVA base as 

required by the per-unit method. It is not necessary to 
convert impedances from one voltage level to 
another as repuired by the ohmic method. 

 
 
 
 

 
 
The conversion formulas as used for both the 

ohmic and the per-unit methods are complex and not 
easy to memorize. 

 
Both the ohmic and the per-unit methods usually 

end up with small decimals resulting from converting 
impedances from one voltage level to another one or 
from converting impedances to the same common 
base. Therefore, one can make mistakes easily [6]. 
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Abstract - The paper proposes the use of information 

and communication technology required to be applied 
in a company after identifying the characteristics of a 
crisis. This paper presents the internal and external 
causes of corporate collapse. The impact of the crisis on 
the behaviour of IT managers will also be shown in the 
diagram. The paper describes in detail possibilities of 
applying open source, Office in the Cloud and the 
benefits of using the open-source group. The paper also 
presents the results of a research based on the data 
collected from the surveyed employees of companies 
and institutions (N=53). The displayed information 
leads to knowledge about which company modules the 
surveyed employees use the most, and whether they 
know what Office in the Cloud is. The results of data 
processing show which feature of Office in the Cloud is 
important to employees to make a decision on using it. 

 
Keywords - ICT, model, the characteristics of the 

crisis, open source, e-questionnaire, Google +  .    
 
 
1. Introduction 
 

Every company can fall into a state that slows and 
limits its growth continuity. Such a state can be 
defined as a crisis in the company’s business activity. 
If that state intensifies and lasts a longer period of 
time it puts the company’s very existence in 
jeopardy. A company in crisis crumbles or is 
threatened to get liquidated. It must be said that a 
company’s collapse or liquidation is not the last 
biological or natural stop in its life, but rather a crisis 
which the company management failed to adequately 
and efficiently deal with. A company that finds itself 
in a state that slows and limits its growth continuity 
generates less profit or does not generate any profit at 
all in a new business period. Small and medium-
sized enterprises that find themselves in that state 
cannot afford making big investments in ICT. It is 
recommended that such companies use an open 
source code which will in the end result in larger 
profit.  Open source tools are free to use and are just 
as functional as Microsoft's applications (Office) 
which one must pay a license to be able to use them.    
Companies in the group of small and medium 
enterprises (SMEs) can use the applications within 
the so-called Office in the Cloud. Such free service is 
offered by Google in the set of GoogleDocs 
application tools. Furthermore, SMEs that want to 

manage their own web site do not need to invest 
large sums of money to create their portal or online 
applications but can use the possibilities and 
potentials of Google Plus instead. 

 
Open source code does not just mean access to the 

source code. The distribution terms of open source 
software must comply with the following criteria: 
  

• Free redistribution. 
• Source code. 
• Derived works. 
• Integrity of the author's source code. 
• No discrimination against persons or groups. 
• No discrimination against fields of 

Endeavour. 
• Distribution of license. 
• License must not be specific to a product. 
• License must not restrict other software. 
• License must be technology-neutral. 

 
The license shall not restrict any party from selling 

or giving away the software as a component of an 
aggregate software distribution containing programs 
from several different sources. The license shall not 
require a royalty or other fee for such sale. The 
program must include source code, and must allow 
distribution in source code as well as compiled form. 
Where some form of a product is not distributed with 
source code, there must be a well-publicized means 
of obtaining the source code for no more than a 
reasonable reproduction cost preferably, 
downloading via the Internet without charge. The 
source code must be the preferred form in which a 
programmer would modify the program. Deliberately 
obfuscated source code is not allowed. Intermediate 
forms such as the output of a preprocessor or 
translator are not allowed. The license must allow 
modifications and derived works, and must allow 
them to be distributed under the same terms as the 
license of the original software. The license may 
restrict source-code from being distributed in 
modified form only if the license allows the 
distribution of "patch files" with the source code for 
the purpose of modifying the program at build time. 
The license must explicitly permit distribution of 
software built from modified source code. The 
license may require derived works to carry a different 
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name or version number from the original software. 
The license must not discriminate against any person 
or group of persons. The license must not restrict 
anyone from making use of the program in a specific 
field of endeavour. It may not restrict the program 
from being used in a business, or from being used for 
genetic research. The rights attached to the program 
must apply to all to whom the program is 
redistributed without the need for execution of an 
additional license by those parties. The rights 
attached to the program must not depend on the 
program's being part of a particular software 
distribution. If the program is extracted from that 
distribution and used or distributed within the terms 
of the program's license, all parties to whom the 
program is redistributed should have the same rights 
as those that are granted in conjunction with the 
original software distribution. The license must not 
place restrictions on other software that is distributed 
along with the licensed software. The license must 
not insist that all other programs distributed on the 
same medium must be open-source software [8].  
 

The conducted research with collected information 
and data that are particularly important for open code 
procurement and the use of Office in the Cloud is 
also presented in this paper. The following research 
methods were used: watching, observation, analysis 
methods (content analysis methods and analysis 
methods of applications) and the survey method. 
Surveys were conducted among SMEs. The 
questionnaire contained the following questions to 
determine the importance of features. Subjects had to 
determine how much importance will be placed in 
the suggested cloud office features in order to decide 
on their use. These Office in the Cloud features 
which the decision-makers take into account when 
choosing (whether they are going to use the Office in 
the Cloud or not) are:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

total cost reduction of the company, is the installation 
required or not, what is the speed of operation, does 
the Office in the Cloud protect electronic 
information, do the tools within the cloud freeze, 
how are the tools in the cloud compatible with other 
office tools, do the tools in the Office in the Cloud 
have the possibility of providing user support and are 
they adaptable to new versions of electronic tools, 
the location of electronic information, the ability to 
use its own cloud in which the user will have his or 
her own data, data access restrictions, and the need 
for additional training. 
 
2. Characteristics of crisis situations in a 

company and the effect on managerial 
behaviour 

 
Nowadays if a company in distress wants to 

survive in a turbulent environment it is above all 
necessary to determine the causes of the company's 
decline. If the causes of the decline are determined in 
time the consequences will not be that severe. There 
are internal and external causes of corporate failure.     

 
Internal causes are: 
 

• poor management, 
• inadequate financial control, 
• poor working capital management, 
• high costs, 
• lack of marketing effort, 
• overtrading, 
• big projects, 
• acquisitions, 
• poor financial policy, 
• organizational inertia and confusion. 

 
The most common external causes are: 
 

• changes in market demand, 
• competition, 
• adverse movements in commodity prices  

[3]. 
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Figure 1. Simple model of crisis susceptibility 

 
There are three groups of causal variables to 

market performance and susceptibility to crisis:  
 
• competitive and environmental variables (product-

market decisions, business cycles, etc.) 
• managerial characteristics such as individual 

capabilities and management styles, 
• organizational attributes, such as resources and 

structures (Figure 1.) [3].  
 

Responses to crisis situations differ from one 
manager to another and the type of crisis. In crisis 
some managers improve the quality of their decision-
making.  

Such managers usually do decision-making in the 
ICT industry and are more likely to thrive on crisis 
situations and become turnaround experts rather than 
being a part of the existing management of a 
company that is heading towards insolvency. The 
word “insolvency” comes from Latin and consists of 
the words “in” (negation) and “solvo 
/solvere/solventem” (to fulfil an obligation, to 
perform, to loosen, to pay back, to relieve, to 
release). A crisis situation can be defined as an 
unexpected situation which in most cases comes 
suddenly, does not leave much decision time and is a 
threat to the company’s highest values.  
 
                                            

 

  Attributes               Stress                                     Managerial                                        Decision-making tasks 
  of crisis                                                                 behaviour                                       (results in reduced (-)) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Managerial behaviour in crisis 
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 The effect of these three characteristics of crisis, 
i.e., surprise, high threat and short decision time 
leads to increased stress (Figure. 2) in the entire 
observed company as well as in managers and every 
employee within the company [3]. A certain degree 
of stress is indeed welcomed in order to encourage a 
solution to a problem. Without stress there is not 
enough motivation to act and solve problems. Stress 
should not prevail because it can become a cause of 
anxiety instead of motivation. Stress reduces the span 
of attention, while at the same time increases 
managerial inflexibility and reduces their ability to 
cope with more complex problems. Severe stress 
focuses all the attention on the present and the 
immediate future, rather than on the long-term 
perspective, which makes sense in a severe financial 
crisis.  Perceived time pressure may adversely affect 
decision-making. A moderate level of deadline 
pressure (according to Slatter, S. and Lovett, D.‘s 
book Corporate Recovery) can enhance the level of  
creativity and performance of both individuals and 
managers. When it comes to managerial behavior the 
span of attention increases selective filtering of 
information and reliance upon past experience while 
awareness decreases. Managerial inflexibility results 
in increased reliance upon past experience as well. 
An inflexible manager places great importance only 
to cognitive sets and has got diminished tolerance of 
ambiguity. At the same time this inflexibility leads to 
manager’s sensitivity to others' perspective and 
resistance to pull of change. 
 
 
3. Managing ICT in a company during a crisis 

and possibilities of using office in the  
       cloud 
 

In a condition which hampers and limits the 
continuity of growth SMEs cannot afford to invest 
heavily in ICT. Such companies and IT managers are 
advised to apply the open source and its tools in their 
business activity which will generate greater profit at 
the end of the analyzed business period. Open source 
tools are free to use and are equally functional as 
Microsoft applications which one must pay for the 
license to use. SMEs may use GoogleDocs which 
contains applications useful for a company in the 
cloud.  
 

Gartner Research, Inc. defines cloud computing 
concept as a type of computing where dynamically 
scalable resources are provisioned as a service over 
the Internet. Users do not need to have any 
knowledge, experience or control over infrastructure 
in the “cloud” neither the computer needs to have a 
powerful processor to perform database index related 
tasks. The term “cloud” is being used here as a 

metaphor for the internet due to a way of 
representing the internet in computer network 
diagrams. The cloud is an abstract term for the 
complex infrastructure on which it is based [1].  
 

Models of cloud computing delivery are: SaaS, 
PaaS and IaaS [5]. 

  
Typical examples of SaaS model include 

applications from various fields such as: CRM, ERP, 
project management, insurance, banking, 
CAD/CAM, word processing, databases and other 
fields. It includes several web applications with 
functions similar to the ones found in traditional 
office tools, including: Gmail, Google Calendar, 
Talk, Docs and Sites.  

 
PaaS services provide computing platforms where 

creation tools are located in the cloud and are 
accessible from a web browser. They enable the 
development of web applications without having to 
install the necessary tools on your computer. The 
user of PaaS service is responsible for installing and 
maintaining his or her application. An example of 
PaaS service is Google App Engine [7].  

 
IaaS – here we are talking about the delivery of 

hardware infrastructure like servers, network 
equipment, RAM, storage space [6]. The most 
notable example of an IaaS service is Amazon Elastic 
Compute Cloud [4]. 

 
Some of the important features that could make 

SMEs decide to use cloud computing and open 
source tools instead of programme applications 
where one must pay the license are: cost reduction, 
no installation required, quick accessibility of tools, 
data and information, compatibility with other office 
tools, the ability to provide user support (Office in 
the Cloud), adaptability to new versions of the tools. 
When analyzing the functionality of the tools and the 
ability to save documents in certain formats with the 
same extensions, it can be concluded that 
OpenOffice, MS Office, LibreOffice and 
GoogleDocs are compatible. Advantages that 
GoogleDocs offers to SMEs are: online application 
which can be accessed at any time, the tools are easy 
to use, toolbars menu is very well laid out and 
common, the ability to create documents (memos), 
the ability to share documents, quick search for 
important documents, the ability to create online 
surveys, the ability to create a website, the ability to 
quickly collect relevant data from a larger number of 
samples, analytical processing of data using standard 
functions, the ability to store and edit photographs, 
no installation,  reinstallation and upgrade required.  
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4. The importance of features of Office in the   
Cloud for business organizations 

  
There were 53 representatives of business 

organizations (N = 53) interviewed in the presented 
survey (Figure 3). This electronic questionnaire 
survey technique has a number of advantages. The 
electronic questionnaire enables the collection of data 
by desktop computers, laptops, iPhones, tablets and 
other mobile devices. The advantages of electronic 
survey and electronic questionnaire are: the desired 
information is collected quicker, a larger sample of 
subjects can be covered in a shorter period of time, 
research costs are lower, saving on paper because no 

paper printing of questionnaires is required, the 
ability to edit and correct the questions during the 
survey, the ability to simultaneously observe the 
results and the chart analysis of the results, data can 
be collected using mobile technology. The results of 
data processing are displayed just in time (JIT) using 
GoogleDocs chart. GoogleDocs allows quick 
creation of electronic questionnaires and fast 
collection of data from respondents who may use 
different technologies when filling in the 
questionnaire.  
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Figure 3. The importance of features of Office in the Cloud. 
Made by the author in GoogleDocs based on the data collected by the electronic questionnaire. URL: 

https://drive.google.com/?tab=mo&authuser=0#all. (8.11.2012.). 
 

Figure 3. shows that 64% of respondents  have 
heard about Office in the Cloud and one can 
conclude that in the survey named e-Office in the 
Cloud all features of Office in the Cloud are more or 

less very important. One of the more important 
features for the respondents to decide on using Office 
in the Cloud is cost reduction (58%). Likewise “the 
ability to provide user support service” is also very 
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important (43%) or important (42%). The electronic 
questionnaire indicates respondents do not think it is 
important (25%) that electronic information is 
located at (to them) an unknown location. A large 
percentage of respondents (25%) think that additional 
training in order to be able to use Office in the Cloud 
tools is not important for making the decision to use 
Office in the Cloud. It makes sense since the 
respondents already have IT qualifications and are of 
high formal education. Similarly “the possibility of 
using your own cloud” is not important to some 
respondents (15%), which is very interesting because 
of numerous security alerts on computer crime. 
“Security protection of electronic information” is 
also not that important according to the respondents 
(13%) [9]. Based on the bar graph we can see that the 
respondents did not select an answer on some 
questions about the features. 
 
5.   Google Plus in business 
          

Google Plus is a social network that enables you to 
share photos, videos, links, and locations with 
friends. The real advantage, unlike in other social 
networks, lies in the Google Plus tool called Circles. 
The idea of Google Plus differs from the most 
popular social networks because Google Plus 
essentially allows the user not to share his or her 
published material with the masses of people, but 
with certain social groups, circles. Google Circles as 
contact viewer provides many advantages over other 
popular social networks. Circles on Google Plus help 
you set up a meeting with a person of the same or 
similar business interests in real life.  

After circles with the desired individuals are made 
one can share relevant content with the appropriate 
people in the form of text, images and videos and 
find things that are interesting. Circles let us share 
the announcement of new products and services only 
with circles where our friends or business partners 
are, and enable us to find a post of a friend from the 
circle of fans of books about management for 
example. We can decide who can see every piece of 
personal information on our Google Plus profile. For 
example, our contact details and information about 
certain products and services can be visible to the 
circle of friends, while classified employment history 
and education information can be visible only to the 
circle of our former colleagues and classmates. 

 
Free services offered by Google Plus can be used 

to promote your business company or community 
non-profit organization, and to promote products or 
services. Google Plus allows online communication, 
as well as social network update using mobile 
technology.  

 
Renowned businesses and non-profit organizations 

are also using Google Plus to display news and 
information on Google Plus web pages. Notable 
world organizations that use Google Plus services 
are: The Corcoran Group, Intel, Dallas Cowboys, 
Scholz & Friends, Focus, NASA (Figure 4), etc.[2] 
on Google Plus pages fans of non-profit 
organizations and users of business companies can 
see photographs, videos and links to other interesting 
things related to the same or similar field. 

 
 

 
Figure 4. Google Plus – NASA. 

Taken by the author based on Google Plus tools and  NASA Google Plus web page 
 

Figure 4. shows NASA Google Plus web page 
where one can see fascinating videos, pictures and  

 

images of astronauts as well as current information, 
settings and comments on NASA plans. 
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6.   Conclusion 
 

The paper states benefits and advantages of using 
Office in the Cloud and open source code in SMEs 
and companies that do not have the money to set up 
their own ICT infrastructure. There are about seven 
commercial providers of e-Cloud services on the 
internet today: Google, Salesforce, Microsoft, 
Amazon, Rackspace, Yahoo and Zoho. GoogleDocs 
tool is a ground-breaking creation of the present and 
in the future we should encourage similar efforts and 
development of free tools in the cloud.  The survey e-
Office in the Cloud (N=53) tells us that all features of 
e-Office in the Cloud are important. According to the 
respondents (58%), one of the key features for 
making the decision to use the Office in the Cloud is 
cost reduction that ICT technology provides. Another 
very important feature is “the ability to provide user 
support service” (42%) while 43% of respondents 
selected the option important. The electronic 
questionnaire demonstrates respondents do not think 
it is important (25%) that electronic information is 
located at (to them) an unknown location. A large 
percentage of respondents (25%) think that additional 
training in order to be able to use Office in the Cloud 
tools is not important for making the decision to use 
Office in the Cloud. Similarly “the possibility to use 
your own cloud” is not important to some 
respondents (15%), which is very interesting because 
of numerous security alerts on computer crime. 
“Security protection of electronic information” is 
also not that important according to the respondents 
(13%). Considering the increased popularity of 
Office in the Cloud, and increasing number of 
service providers of such business support model it is 
essential to ensure the high level of quality of 
service. At the end of the paper there are examples of 
free service by Google Plus used for self-promotion 
of business companies or community non-profit 
organizations and promotion of products or services. 
The ability to update Google Plus social network 
using mobile technology is also mentioned.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Furthermore the paper recommends that SMEs use 
free service on Google Plus web pages for self-
promotion and the promotion of their products and 
services on the internet. It is not recommended that 
companies, after identifying the characteristics of the 
crisis, invest large sums of money in the 
development of web portals and applications when 
there are viable free options available, such as 
Google Plus which is being used by renowned 
organizations.  
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Abstract – Substance abuse is a significant factor in 

the maintenance of criminal behaviour and substance 
abuse treatment plays an important role in preventing 
recurrence. The last decade of the 20th century in the 
world are marked with a number of innovations in the 
treatment of prisoners addicted to psychoactive 
substances. For persons convicted and sentenced to 
substance abuse is a need to implement specific 
treatment programs that would be consistent with their 
characteristics and represent an appropriate response 
to identified needs, such as diversion programs, but-
camp programs, programs for individual and group 
counselling, programs modelled on the therapeutic 
community, non-institutional monitoring and others. 
The introduction of modern treatment of substance 
abuse requires considerable human and material 
resources. 

Keywords – Substance Abuse, Treatment of 
Prisoners, Substance Treatment 
Programs. 

 
 
1. Introduction 

 
      Relationship between criminal behavior and 
substance abuse psychoactive  of convicted persons 
serving a prison sentence is the point at which the 
authors focused in their work. A higher incidence of 
substance abuse among the perpetrators, especially 
among the prisoners to a prison official testified data 
relevant institutions at home and abroad.  Substance 
abuse is a significant factor in the maintenance of 
criminal behavior and substance abuse treatment 
plays an important role in preventing recurrence. The 
last decade of the 20th century in the world are 
marked with a number of innovations in the 
treatment of prisoners addicted to psychoactive 
substances such as the model of individual drug 
counseling which is based in the outpatient 
counseling and free treatment, group therapy during 
recovery from substance abuse, which allows the 
customer to develop skills that contribute achieving 
state abstinence and strengthen resistance to relapse, 
therapeutic community model where addicted to 
psychoactive substances for the first time lead 
normal lives, participate in restoring physical and 
emotional health, but-camp programs are 
characterized by a highly structured schedule of 
activities for residents and creating a state of stress 
the need for change, where pharmacotherapy in the 
treatment of addiction to psychoactive substance use 
new types of drugs, and more. 

      In the contemporary practice of imprisonment in 
this issue we are not paying enough attention. After 
leaving the concept of ideological re-education, we 
can establish the concept of treatment of prisoners. 
Accordingly, the Ordinance was made and treatment 
program that provides treatment and respect reality, 
diversity and specificity of the needs of prisoners. 

   
 Aim of the authors was to examine the need for 

treatment for substance abuse of prisoners serving a 
sentence of imprisonment. To achieve this set goal, 
made a comparison of abusing prisoners and 
prisoners who do not abuse substances to the 
existence of the need for treatment in the following 
areas: health status, education and employment 
status, legal status, family and social relationships 
and mental status. The results show that these two 
groups differ significantly according to socio-
demographic and criminological-penological 
characteristics, as well as the needs for treatment. On 
this basis, it can be concluded that the convicted 
person to imprisonment for abuse of psychoactive 
substances is a need to implement specific treatment 
programs that would be consistent with their 
characteristics and represent an appropriate response 
to identified needs [1].  
 
 
2. Diversion Programs 

 
     Diversion programs in the community provides 
adequate treatment for the addicts who come into 
contact with the criminal justice system, because it is 
considered that the crisis presents an excellent 
opportunity to react positive programs for these 
people [2]. The purpose of diversion programs is to 
prevent the entry of offenders into the criminal 
justice system by different interventions depending 
on the seriousness of the offense and offender 
characteristics [3]. These programs focus on 
rehabilitation and personality changes, as opposed to 
punishment and isolation. An important difference in 
approach is a deviation from traditional forms of 
punishment and focusing on the needs of the 
individual rather than antisocial behavior. 

      The purpose of diversion can be determined as 
follows: 1) the treatment of addiction to psychoactive 
substances, 2) use of alternative sanctions for 
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violating the law, and 3) the prevention of recidivism 
[4].  

The program objectives are: 

• Reducing the harm arising from the use of 
psychoactive substances. 

• Prevent or reduce crime in the community. 
• Improving public health. 
• Improving the health of individuals. 
• A holistic approach that is able to meet the 

individual needs. 
• Effects on health and the criminal behavior 

of individuals in the future. 
• Reducing the cost of imprisonment. 

 
     The decision to apply diversion proceedings may 
be taken before, during or after the trial. Treatment of 
substance abuse can bring a certain number of points 
during the criminal proceedings. This can happen 
before the offender is arrested or after arrest but 
before the sentencing order that information could be 
taken into account in determining the sentence. By 
conducting diversion proceedings can occur after 
sentencing, when participating in the sabotage 
program offers an alternative to the usual methods of 
punishment. If a program participant shall continue 
to crimes and continues to use the substance, then 
resorting to traditional criminal sanctions. In contrast 
to successful completion of treatment, the offender 
can avoid or reduce the penalty. Finally diversion 
programs can be used in prisons where the offender 
spends the time in prison, the rest being treated 
outside [5]. 

      All diversion programs use a strategy of coercion. 
Offenders leave the choice to participate in the 
program and successfully complete the treatment or 
to face the legal consequences, such as constipation. 
The use of legal coercion as a means to ensure the 
treatment of addiction to psychoactive substances has 
undergone severe criticism. Some authors insist on 
the protection of autonomy, because the perception 
of free will is a psychological advantage that 
contributes to the positive therapeutic effects [6]. 
Thus, offenders addicted to psychoactive substances, 
which are forced into treatment by the justice system 
have a reduced sense of autonomy and subjective 
perception of coercion, which can lead to decreased 
motivation for treatment, withdrawal or less positive 
treatment outcomes  [7]. 

One of the main advantages of diversion program 
is a holistic approach. This strategy involves the use 
of an integrated approach to change and individual 
behavior patterns that can be educational in 
incorporate Select Features that focus on 

communication, restraining anger, self esteem, 
building healthy relationships, stress management, 
goal setting and care about their health and nutrition. 
They offer individuals the chance for a positive and 
productive future. It is believed that if the diversion 
program of rehabilitating offenders - drug addicts, 
the community will benefit due to reduced crime 
rates, which they would otherwise make. Diversion 
programs are economically cost-effective than 
prison, as the cost of much less than staying in 
prison. Program as it develops in line with the 
specific needs of certain groups and individuals. Will 
be treated differently according to first time 
offenders caught and had a small amount of cannabis 
and the offender who committed serious crimes in 
order to purchase heroin for personal use and 
redistribution. Ease and flexibility of this approach 
between the courts and diversion program is a key 
element of their success. These programs are suitable 
for intravenous drug users to reduce the risk 
transmission infectious diseases in prisons, such as 
HIV and Hepatitis C [8]. To diversion programs were 
successful; they must be involved in various sectors 
such as police, prosecution, courts, health services, 
correction services, and therapists who have to work 
as a team. 

 
 

3. BUT-CAMP Programs 
 

       But camp programs (boot camp) represent an 
alternative form of institutional treatment, richly 
equipped with various activities, intensely focused 
and much shorter duration (90-180 days) with 
mandatory post institutional protection programs [9]. 
According to the authors, a key element of the camp 
but the concept is a highly structured schedule of 
activities that do not allow slack, a ward of the state 
of stress and creates a need for change. n addition, 
these programs in recent years and must include the 
following components: education and vocational 
training, treatment of illness and addiction, 
continuous  individual work and health care. Besides 
the military model of intense corrective camp where 
applicable military training and ceremonies, there are 
other types of intensive corrective camps where 
inmates were invited covering 16 hours a day at 
work, physical training, learning and counseling or 
treatment [10]. Thus, the literature-but camping is 
also called the shock closure or places for treatment. 

     Some authors believe that the operation in-camp 
programs, but is incompatible with the quality of 
treatment programming, as confrontational 
environment to hinder the establishment of positive 
interpersonal relationships and supportive atmosphere 
[9]. Summarizing the results of several evaluation 
studies, the author concludes that residents of camps-
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but often feel afraid of the staff, unlike the residents 
of traditional institutions, which are rather afraid of 
other inmates, were not detected significant 
differences in the rate of recidivism or reduce 
substance abuse among inmates but -camps and 
traditional institutions, positive results were found in 
terms of changes in attitudes and behavior. It is 
possible to explain the bad success of these programs 
is to not act on the factors directly associated with 
criminal behavior, or that programming is not enough 
individualized and aligned with the specific needs of 
individuals. 

4. Individual And Group Counseling 

    One of the most famous models of individual 
counseling in the treatment of addiction was created 
under the auspices of the National Institute of the 
U.S. Substance Abuse (National Institute on Drug 
Abuse). The model is based on outpatient counseling, 
free treatment and methadone maintenance [11]. 
 
     Model of individual drug counseling (IDC - 
individual drug counseling), applied twice weekly 
during the first three months, then once a week for 
another three months. Group work is done once a 
week for six months. Results showed significant 
reductions use psychoactive substances among those 
who participated in the IDC program [12]. According 
to the philosophy of IDC approach, addiction is a 
complex disease that the drug causes physical, 
psychological and spiritual damage. Because of the 
holistic nature of the disease, optimal treatment 
requires knowledge in many areas. Physical, 
emotional, spiritual and interpersonal relationships 
must be in the support of recovery. Philosophy of this 
approach has two important elements of confirm the 
presence of substance abuse and spiritual dimensions 
of recovery. These elements are different from 
conventional forms of treatment and have a strong 
impact PHILOSOPHY 12 Steps. The element of 
spirituality is a general and specific to each religion. 
The three main spiritual principles are taken from 
Narcotics Anonymous organizations such as: 
philosophy of honesty, openness and readiness. This 
spiritual component implies that abstinence from 
psychoactive substances for the first step in 
treatment, not the goal of treatment. Spirituality 
means belief or sense of connection with something 
greater than themselves, but the role of spirituality in 
healing has pretensions to be more focused on 
openness than most other therapeutic orientations. 
 
     Such an approach to individual counseling for 
addicts is very compatible with most other treatments 
of addiction. Fits well with other treatments because 
it is designed to be a component in a more 

comprehensive package of treatment. This approach 
is desirable to be used in private practice, where 
other treatments do not provide the desired results. It 
can be used in combination with family therapy, 
couples therapy or alternative therapies. The model 
can be easily coordinated with pharmacotherapy 
treatment of addiction or morbid psychiatric 
disorders and in drug addicts. 
 
      Group therapy can play an important role in 
recovery from addiction, for clients to develop skills 
that contribute to achieving the state abstinence  and 
strengthen resistance to relapse. The two most 
popular form of group therapy to be applied in 
practice addiction treatment are psychotherapy and 
group program "12 steps to healing".. "Generally 
speaking, there are two main differences between the 
approaches of the" 12 Cork "and who has access to 
group psychotherapy. Program" 12 Steps "mostly 
relies on the relationship of group members with 
higher power, the subordination of higher power and 
understanding of themselves through a relationship 
with her. Group psychotherapy encourages 
interaction between group members, especially on 
the process" here and now "and to the very core of 
the group or concept group. In contrast, the "12 
steps" to prohibit speech that cross. Direct interaction 
between members during the meeting. This affects 
the awareness of individuals about the meeting the 
group will be evaluating and criticizing them 
released and encouraged to be open [13]. Recently, 
very often intertwined the two concepts, and many 
clients, in addition to membership in the 
psychotherapy group, go to groups working on the 
program "12 steps". Many authors believe that these 
two approaches compatible processes that can be 
mutually amended.  
 
 
5. Therapeutic Communities 
 
     Therapeutic communities are different from other 
forms of treatment in that it treats addiction as a 
disease that affects the whole individual [14]. The 
treatment is based on the impact of the group (of 
experts and other offenders) that is used to help 
individuals to learn, assimilate social norms and 
develop social skills. 
 
      Therapeutic communities are usually organized 
in separate housing units. Programs are held away 
from surrounding drug. Participants in the 
community are expected to adhere to treatment 
during the strict rules of conduct. These norms are 
reinforced with specific rewards and punishments in 
order to develop self-control and responsibility. 
Members of the gradually progressing and gaining 
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more privileges and responsibilities. It is expected 
that these members become role models who actively 
maintain the value of the learning community. 
Negative thinking and behavior to reduce the 
individual and group therapy, group sessions 
members of the community, learning, dealing with 
the problem and modeling. 
 
      Activities of therapeutic communities are 
designed to assist members to discover, express and 
manage their feelings, improve personal and social 
responsibility, ethics, develop, change attitudes and 
behavior. Therapeutic community programs are 
designed for groups of 40 to 80 members. 
Therapeutic communities are located in different 
areas depending on community needs, funding 
sources and the environment of tolerance. Some are 
located in the former barracks, camps and homes in 
the suburbs, while others were established in prisons 
and similar facilities. 
 
Treatment in a therapeutic community can be divided 
into three main stages: 
 
Phase 1 Induction and main treatment usually lasts 
for the first thirty days. The goal is for individuals to 
assimilate into the therapeutic community . New 
residents to learn procedures, establishing confidence 
in staff and other residents, initiating self-help and 
personal assessment of yourself, circumstances and 
needs, understanding the nature of addiction and start 
the recovery process. 
 
Phase 2 The primary treatment is often used a 
structured model of progression through increased 
levels of pro-social attitudes, behaviors and 
responsibilities regarding the use of psychoactive 
substances. Primary treatment is aimed at social, 
educational, vocational, family, and psychological 
needs of the individual. 
 
Phase 3 Reintegration aims to facilitate the release of 
the therapeutic community and facilitate a successful 
return to society. After leaving the therapeutic 
community to apply a variety of services, and the 
usual individual and family counseling, education 
and participation in self-help groups (eg, "Alcoholics 
Anonymous"). Former residents of therapeutic 
communities are encouraged to actively participate in 
such groups after the treatment. 
 
      Therapeutic communities are considered one of 
the most successful methods of treatment of 
offenders - drug addicts. Project Correctional Drug 
Abuse Treatment Effectiveness (CDATA) was 
carried out with the intention to review the results of 
the evaluation of treatment of offenders dependent on 

psychoactive substances that have been made in the 
period 1968-1996. years. Report CDATA project 
related to the 35 collective programs, therapeutic 
communities, or environmental treatment therapy 
(Pearson, Lipton, 1999) with over 1000 respondents. 
Comparing recidivism rates between the user 
community and other therapeutic approaches, 
revealed a positive effect size of 0.14, which is 
modest, but supports the therapeutic community. 
 
 
6. Cognitive – Behavioral  Programs 
 
     Cognitive-behavioral programs are described in 
many works of contemporary authors (eg, Ross, 
Fabiano, Ewles, 1988). Virtually all behavioral 
programs for offenders based on the principles of 
operant conditioning.  

       There are many types of behavioral programs. In 
the literature on behavioral treatment of offenders are 
most often encountered three types of happiness. The 
symbolic economy (token economies) is a system of 
reinforcement to motivate offenders on the 
expression of pro-social behavior. Reinforcement 
may be real or symbolic value (points). Most often 
used in work with groups. Modeling (learning by 
model) implies that the offender observes another 
person who demonstrates behavior that for him it 
may be useful if it imitates. Cognitive-behavioral 
programs, basically, trying to change those beliefs, 
attitudes, values and expectations of offenders who 
maintained his antisocial behavior. Training in 
problem solving, reasoning, self-control and self-
study most often used techniques. Cognitive 
therapists emphasize that, for effective cognitive 
therapy needed a good therapeutic relationship, 
which includes empathy, openness and warmth [9]. 
 
7. Pharmacoterapy 
 
     Many groups of drugs used in treatment of 
addiction to psychoactive substances. These drugs 
act in a similar manner and used as substitution 
therapy for people who use opiates. They prevent or 
mitigate the occurrence of withdrawal symptoms as a 
consequence of interruption of the use of opiate 
drugs. 

      Methadone belongs to a group of drugs used in 
the treatment of addiction to psychoactive 
substances. Its main indications are: detoxification 
and treatment program of heroin is used as an 
analgesic and is used for the maintenance of 
abstinence achieved in the treatment of heroin 
addicts. Detoxification as a therapeutic procedure 
usually takes 4 to 6 days with a well-designed 
treatment program that lasts several weeks.        
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Methadone does not cure drug addiction, but by the 
so-called methadone substitution treatment can 
withdrawal crises. Stabilization or the absence of 
significant withdrawal symptoms crisis can be 
achieved by a dose of the drug, which is determined 
individually for a specific pharmacological profile of 
methadone. When the addict is stabilized for several 
days, the dose of methadone can be gradually 
reduced every other day until you reach a state that 
does not require use of the drug. Dose during 
detoxification or withdrawal of therapy must be 
adapted to be able to control withdrawal symptoms. 
In treatment of withdrawal shall be applied relatively 
steady dose of methadone. The ultimate goal is, as 
well as detoxification, drug withdrawal, although 
some patients earlier form of heroin substitute 
methadone addiction. 

      There are many advantages methadone therapy of 
heroin addicts: there is a significant improvement in 
quality of life, reduced mortality due to overdose, 
better hygienic conditions, the contribution of 
psychosocial rehabilitation of drug treatment 
programs. The main criticism of methadone 
treatment is to replace one drug to another. 
Methadone substitution therapy is not clear, it is 
taken off, has more effects and causes of cyclical 
swings, but acts slowly. On the other hand, heroin is 
taken several times a day, creates feelings of 
euphoria, drowsiness and lethargy, with no need for a 
new dose to achieve desired effects. Methadone is 
addictive, but the symptoms are much milder effects 
of the cessation of heroin. Prolonged treatment with 
methadone may cause dependence morphine  type. 
The risk of overdose is high if not used under strict 
medical supervision, especially if mixed with other 
psychoactive substances or alcohol. The use of 
methadone in the treatment of its specificity must be 
clinical, but with the constant supervision of the use. 

      In addition to methadone therapy there have been 
other methods of detoxifying the body for rapid 
withdrawal from heroin and other psychoactive 
substances, which have become modern in the late 
twentieth century in America, Russia, England, Israel 
and other countries. Pharmacotherapy is one of 
access to the report CDATA marked as promising. 
Methadone maintenance has proven to be effective in 
reducing criminal behavior, although some studies 
have shown that the prescription drug (diamorphine) 
against heroin addiction superior of methadone in 
reducing criminal behavior. The effectiveness of 
treatment, mainly reflected in the improvement of 
psychosocial interventions [15].  

Combined treatments are available in prisons, and 
some authors estimate that substance abuse treatment 
in combination with methadone treatment, 
counseling and treatment reduces the use of 
psychoactive substances among inmates who have 
been subjected to such treatment than those who had 
no treatment [16]. 

8. Reduction  Programs of Substance  Abuse in 
Prisons in Serbia 

     Department for Treatment and Alternative 
Sanctions of the Ministry of Justice of the Republic 
of Serbia in late 2006. done the assessment of 
treatment in all penal institutions, regardless of 
whether they have organized service for treatment, or 
perform these tasks independent executors. It was 
found that the problems faced by employees in the 
service for treatment in the implementation of 
treatment programs are very similar and can be 
grouped into several key sections: statute of 
limitations in access to treatment programs that in 
many parts of the archaic and relies on the concept 
and experience in the re-socialization of are 
characteristic of the social framework of the second 
half of the twentieth century, the divergence of 
approach to rehabilitation and the introduction of 
autonomous procedures into the work of individual 
institutions as a result of the lack of uniform criteria 
and centralized management, insufficient and 
inadequate training of personnel to implement 
treatment programs in institutions for the 
enforcement of penal sanctions; underdeveloped and 
supported teamwork and access to persons deprived 
of liberty; unfavorable external conditions, especially 
in terms of poor architectural design of institutions 
and a growing number of prisoners [17]. Law 
Amending the Law on Execution of Criminal 
Sanctions took into account the need for change in 
the concept of socialization and made the changes 
that are primarily manifested in the abolition of the 
ideological concept of "re-education" and to establish 
the treatment of persons deprived of liberty as the 
basis for socialization and social integration frame. 
Accordingly, the Regulations made about treatment 
and treatment program that provides unique access to 
persons deprived of their liberty in all institutions for 
the execution, while recognizing the reality of their 
diversity and specificity of their needs. The new 
concept of re-socialization introduce good practices 
of modern and developed system of enforcement of 
sanctions, especially the methodology of risk 
assessment of persons deprived of liberty as the basis 
for the individualization of treatment  [17]. 
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     Department without the drug is a department 
within the penal institution where prisoners are 
placed to undertake to refrain from substance abuse. 
These are prisoners who are addicted to the active 
substance and motivation for treatment, those who 
have stopped the abuse and currently abstain and 
those who have never been addicted, but they want to 
be placed in an environment where they are not used 
psychoactive substance and where not there is no 
pressure environment that abuse drugs [16]. 

     The main goal and purpose of the department 
without the active involvement of drug convicts in 
treatment program, and in addition provided the 
continuous psychological and psychosocial therapy 
by experts. According to the Annual Report of the 
Ministry of Justice in 2007. The first class without 
drugs started operating in January 2007. in the 
facility in Nis. Number of prisoners in the 
Department range from 12 to 15 Through the 
program has passed a total of 17 inmates. During the 
previous period, 16 persons were reclassified to a 
higher category, three of them convicted the penalty 
expired, while a prisoner left the department, but no 
recurrence. 

     With the department are 3 inmates, due to the 
positive findings in urine and of discipline. 
Department of Special Prison Hospital in Belgrade 
was opened in May 2007. The number of prisoners 
ranged from 14 to 20, and the program has passed a 
total of 27 persons. The first test positive for 
substances detected after four months, a total of three 
were positive. During 2007. year, 11 persons were 
reclassified to a higher category, while the eight 
expired measure of compulsory treatment  [17]. 

 
9. Consclusion 

 
     Substance abuse in the adult population of 
convicts in our prisons has reached alarming 
proportions. The prevalence of substance abuse in the 
prison population is growing significantly and is 
increased by 20% annually. According to the 
Department for Work Plan, including persons 
deprived of liberty, addicted to psychoactive 
substances 2005th there were 31%, 2006. was 53% in 
2007. as much as 73%. The situation is similar 
throughout the region. In Croatia, the number of 
prisoners who are addicted to psychoactive 
substances  2005th amounted to 31% in 2006. The 
41% of the total prison population. The European 
prisons percentage of prisoners who abuse  substance 
is up to 80%, and similar data are also valid for the 
U.S. and Australia. 

      The results of previous research suggest that 
offenders who abuse substances differ in certain 
characteristics and specific needs for treatment. 
Therefore, the developed world various programs for 
their treatment, such as diversion programs, non-
institutional oversight, but-camp programs, programs 
for individual and group counseling, programs 
modeled on the therapeutic community and others. In 
recent years, Serbia has made great progress in this 
field. First of all, the Strategy for the fight against 
drugs in prisons and began implementation of 
appropriate control measures supply illegal drug 
convicts in prisons. In regard to the introduction of 
new treatment programs for inmates addicted to 
psychoactive substances, progress is much slower. 
According to official data of the execution of 
criminal sanctions, the program now works 
successfully, "the Department without drugs." There 
is a need for further improving the practice of dealing 
with this population in accordance with the positive 
experiences that have been reached in developed 
countries. 

     It should be noted that the introduction of modern 
treatment of substance abuse requires considerable 
human and material resources, which, unfortunately, 
our penal institutions do not possess. Failure to 
provide adequate conditions for the application 
program can hardly be expected to come to life, even 
those programs that the state is assessed as 
strategically important in the fight against drugs in 
prisons. 
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Abstract – In this study, possibility of the use of WPC 

42.5 containing pyrophyllite in the production of white 
concrete was investigated. Normal and light-weight 
concrete samples were produced with WPC. In 
normal-weight concrete mixture, WPC and white 
aggregate were used. In light-weight concrete mixtures, 
WPC, FA, SF and SP were used. Setting time and 
soundness of cement paste specimens and compressive 
strength of light and normal weight white concrete 
specimens were determined.  According to the test 
results, normal weight white concrete can be used in 
the construction of frames and light-weight white 
concrete can be used in the production of 
concrete/reinforce concrete panels.  

 
Keywords – White Cement, Pumice,  Fly Ash, Silica 

Fume, White Concrete, Compressive 
Strength. 

 
 
1. Introduction 

 
      White Portland cement (WPC) has similar 
bonding characteristics as gray Portland cement. 
WPC has also higher performance due to use of high 
quality materials and control process in its 
production [1]. In Turkey, WPC is generally used in 
the production of non-structural members, which are 
built for decorative and aesthetical purposes. 202.589 
tons of WPC were used in domestic and 739.072 tons 
of WPC were exported in 2011 [2]. White concrete 
produced with WPC has higher compressive strength 
and reaches its ultimate compressive strength faster 
than normal gray Portland cement. The compressive 
strength of the low dosage white concrete increased 
when maximum aggregate size was increased. 
However, the compressive strength of high dosage 
white concrete was not affected when maximum 
aggregate size was increased. This occurs due to fact 
that in low dosage concrete, the compressive strength 
of the concrete mainly depends on the strength of the 
aggregates but in high dosage concrete, the 
compressive strength of the concrete mainly depends 
on the strength of cement paste.  
 
 
 
 
 
 
 

Moreover, in low dosage concrete, when the 
maximum aggregate size was reduced, cement paste 
does not cover the all surfaces of the aggregates and 
consequently strength of matrix reduced. Production 
of white concrete with a compressive strength 
between 25 and 50 MPa is possible by using white 
cement [3]. It was also found out in a study that 
white concrete had higher compressive strength than 
normal gray concrete [4, 5].  
     Moreover, general view of the cities would be 
better if the buildings were built with the white 
concrete without plaster. Also, barriers made with the 
white concrete would be much safer due to better 
reflection of the light by the white color [6, 7]. It was 
also found out that the strength and density of the 
lightweight concrete is suitable to be used in the 
production of the light building members when 
lightweight concrete is produced with volcanic 
pumice [8]. In this study, the compressive strength of 
the white normal and lightweight concrete produced 
with various dosages and aggregate sizes was 
investigated.  
 
 
2. Materials 

 
White Portland cement is a white colored hydraulic 

bonding material produced by grinding of white 
clinker, obtained by white clay and limestone and 
calcium sulfate (CASO4.2H20).  In this study, WPC 
42.5 was produced with pyrophyllite which was 
substituted in place of kaolin. White cement 
produced in Turkey was classified according to level 
of whiteness as WPC 70 and WPC 80 [9]. Chemical 
characteristics of the pyrophyllite, which were 
obtained in Pötürge province of Malatya, SiO2 and 
Al2O3  high percentage (59.5%, 37.9%) were 
determined [10]. Chemical and physical 
characteristics of WPC 42.5 were given in Table 1. 
Several equations between the oxide ratios were used 
to verify the composition of the cement. 
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     Aggregate was obtained by crushing white marble 
stone in rock crusher. Crushed materials were 
collected in four groups according to the size of 
crushed pieces. These groups were marble powder 
and crushed pieces with size not larger than 5 mm 
(fine), 7–15 mm (medium) and 15–25 mm (large).    
Abrasion ratio in Los Angeles test after 500 
revolutions was determined as 44%. This ratio was 
close to limit value of 50%.  The main reason for 
high abrasion ratio is that crushed stone has rough 
surface. In this study, two mixtures were prepared for 
normal weight concrete. In the first mixture, marble 
powder and fine, medium and large were used. In the 
second mixture, marble powder and marble pieces 
fine and medium.  
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 In the production of lightweight white concrete, fine 
pumice was used due to its light weight and 
insulation characteristics. Pumice has sound and heat 
insulation characteristics due to its porous structure. 
Hardness of fine pumice is between 5 and 6 
according to Mohs scale. Fine pumice does not 
contain any crystal water and has silica up to 75% in 
its composition [11].  
       Silica fume (SF) is a byproduct which is 
obtained from the reduction of pure quartz with coal 
in electric arc furnace in the production of 
ferrosilicon alloy and silicone metals and has at least 
89% SiO2 [12]. In this study, SF obtained from 
Antalya Electrometallurgy Plant was used and its 
physical and chemical characteristics were shown in 
Table 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Oxides and  other  

requirements 
( %) 

                  TS 21 

   Min.(%)     Max. (%)                                 

L.I. 2.58 - 5 

U.R. 0.12 - 5 

 MgO  1.12 - 5 

 SO3  3.19 - 4 

Cl  0.005 - 0.1 

CaO  66.0 - - 

SiO2 22.2 - - 

Al2O3 4.3 - - 

Fe2O3 0.2 - - 

K2O 0.5 - - 

Na2O 0.2 - - 

Specific Gravity 3.03 - - 

Whitenesses - 85        85.6 

 

 Table 1. Chemical and physical properties white Portland cement 

 
Oxide name 

 
FA  
(%) 

 
SF 
(%) 

       TS EN 197-1 FA (%) 
Siliceous       Calcareous                           

SiO2 47.64 93.57 ≥25 ≥25 
Al2O3 9.35 0.96   
F2O3 9.00 0.68   
Total 65.99 95.21   
CaO 19.09 0.54 <10 ≥10 
MgO - 0.90   
SO3 1.52 -   
Alkali - -   
L.I. 1.83 2.32 ≤5 ≤5 
I.R. 1.57 1.03   
Specific gravity (gr/cm3) 2.32 2.04   
Specific area  (cm2/g) 5625 -   

 Table 2. Chemical and pysical properties of SF and FA 
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      According to ASTM C 618, FA is defined as high 
calcareous fly ash when the ratio of CaO is more than 
10% [13]. In this study, calcareous FA (Cao 
=19.09%) obtained from Soma-B Thermal Power 
Plant was used and its physical and chemical 
characteristics were shown in Table 2. City drinking 
water was used in mixtures. FM 14 super plasticizer 
(SP) was used to reduce water requirement of light-
weight concrete. 
 
3. Method 
 
      Setting time and volume expansion of cement 
paste were determined according to TS EN 196-3 
[14].   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      In concrete mixtures, water/cement ratio for the 
same workability was determined according to slump 
value.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Compressive strength of cement mortar was 
determined according to TS EN 196-1 [15]. Sieve 
analysis was performed to have homogenous 
distribution of aggregates and standard grading curve 
TS EN 933-10 [16]. Saturated surface dry ratio and 
specific gravity of aggregates were determined 
according to ASTM C 127, 128 [17, 18] and abrasion 
ratio of aggregates were determined according to 
ASTM C 131 [19]. 
 
      Mix design of the concrete mixtures with the 
maximum aggregate size of 16 and 32 mm were 
determined according TS 802 and given in Table 3 
and 4 [20]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The compressive strength of concrete samples was 
determined according to TS EN 12390-3 [21]. One 
sample was shown in Fig.1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Mix  No 

Materials content (kg/m3) 
Slump 

(cm) 
Aggregate size (mm) 

Cement Water 
0-5 5-15 15-25 

1 (C 20) 1050 455 275 312 171 9 

2 (C 30) 1050 455 275 351 185 8 

3 (C 40) 1050 455 275 383 196 7 

 Table 3. Mix design and slump values (max. aggregate size 32mm) 

 

Mix No 

Materials content (kg/m3) 
Slump 

(cm) 
Aggregate size 

Cement Water 
0-5 5-15 15-25 

4 (C 20) 1050 725 0 312 180 8 

5 (C 30) 1050 725 0 351 194 8 

6 (C 40) 1050 725 0 383 210 9 

 Table 4. Mix design and slump values (max. aggregate size 16mm) 

 Figure 1. White concrete sample 
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     Four different mixtures (A, B, C, D) were 
prepared for light-weight concrete and their mix 
designs were given in Table 5.  
 
 
 
 
 
 
 
 

 
 
 
4. Results and Discussion 
 
4.1. Chemical Analysis, Setting Time and Soundness 
 
      WPC 42.5 has similar characteristic with CEM I 
[22] in terms of oxide ratio. Comparison of WPC 
42.5 characteristics with TS 21 requirement is in 
Table 1. WPC 42.5 satisfies requirement of TS 21.  
Also, level of whitening of WPC 42.5 is %86.5. The 
main reason of high silica and alumina modulus was 
that raw material (limestone and pyrophyllite) with 
low Fe2O3, MnO and TiO2, was used to get 
whiteness of white Portland cement as shown Table 
1. Since A/F=4.3/0.2=21.5 >0.64, main components 
determined according to Bogue formulation were 
found as [23]; 
 
C3S= 4.071x CaO+7.600x SiO2+6.718x Al2O3+1.430x 

Fe2O3+2.852x SO3=61.95% 
 

C2S=   2.876xSiO2-0.7544xC3S=17.11% 
 

C3A=  2.650x Al2O3  + 1.692x Fe2O3=11.06% 
 

C4AF= 3.043x Fe2O3=0.61% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Three samples were prepared for each age group in 
the size of 10cm x 10cm x 10 cm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 

     Series of complex chemical reactions occur in 
hydration of cement. In hydration of cement , it was 
assumed that each main component was involved in a 
chemical reaction with mater separately. Chemical 
reaction of calcium silicates (C3S and C2S) with 
water led to calcium-silicate-hydrate gel (C3S2H3) 

(C-S-H), which is the main bonding component of 
cement.  C3A and C4AF components affect the 
bonding characteristics of cement only in the 
beginning. The bonding characteristics of cement 
mainly depend on C3S and C2S components [9]. 
WPC 42.5 is similar to ASTM C Type III cement in 
terms of main components except C4AF component.  
Setting time and soundness of WPC 42.5 was shown 
in Table 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mix No Pumice 
powder (g) 

WPC 42.5  
(g) 

FA (g) 
 

SF (g) 
 

W/CM* 
(%) 

SP 
(%) 

1 1000 250 - - 50 - 
2 1000 150 100 - 50 - 
3 1000 150 100 - 43 1 
4 1000 150 - 100 50 - 
       * CM = Cementitious material 

Table 5. Mix design of light-weight white concrete 

Cement  

Type 

Water content (%) Setting time (min.) 

      Initial             Final 

         Soundness 

              (mm)    

WPC 42.5 30 140      165 4  

TS 21 

Specifications 
 ≥45 ≤600  ≤10  

Table 6. Water content, setting time and soundness 

Initial and final of setting time and soundness were lower than the values given in TS 21 [9]. 
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4.2. Compressive strength 
 
      Six samples were prepared for each age group (3, 
7, and 28 days) and tested to have average 
compressive strength of mortar samples. The average 
compressive strength of mortar samples were shown 
in Table 7. 
 
 
 
 
 
 
 
 
 
 
 
 
      Before compressive strength tests, the normal and 
light-weight concrete specimen surfaces were 
inspected with crack meter and no cracks were 
observed at 28 days due to chemical reactions in 
WPC. The average compressive strength of white 
concrete was determined by testing of three samples. 
The average compressive strength of white concrete 
samples with the maximum aggregate size of 32 mm 
and 16 mm were shown in Fig. 2 and Fig. 3, 
respectively. 

 
Figure 2. Compressive strength of concrete samples 

(Dmax: 31.5 mm). 
 
 
 

 
 
3, 7 and 28 days the average compressive strength of 
mortar samples 37, 51 and 63 MPa were determined 
respectively. These compressive strength are higher 
than the values given in TS 21 for WPC 42.5 [9]. 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Sample age (Days) 

Figure 3. Compressive strength of concrete samples 
(Dmax: 16 mm). 

 

The compressive strength of white concrete samples 
with the maximum aggregate size of 16 mm was 
higher than that of the samples with the maximum 
aggregate size of 32 mm. 28 days compressive 
strength of mixture #6 was 3.7% higher than that of 
mixture #3. The compressive strength of all mixtures 
increased when dosage of cement was increased. For 
example the dosage of cement in mixture #1 was 
increased from 312 kg/m3 to 383 kg/m3, 28 days 
compressive strength was also increased from 28.1 
MPa to 43.2 MPa.  
 
 
 

Sample age 

(Day) 

Compressive strength 
(MPa) 

TS 21 

specifications 
% Difference 

3 37 20.0 85 

7 51 31.5 62 

28 63 42.5 48 

Table 7. Compressive strength of mortar samples 



78                                                                                                                                  TEM Journal – Volume 2 / Number 1/ 2013. 

The increase in the compressive was about 53.7%. 
Moreover, compressive strength of mixtures was also 
depended on the age of mixture samples. For 
example, in mixture #6, there was an increase in 7 
and 28 days compressive strength of the samples 
compared to 3 days compressive strength by 20.4% 
and 55%, respectively. 
 

     The compressive strength of light-weight white 
concrete determined by taking the average of three 
samples was shown in Figure 4. 

 
Figure 4.  Compressive strength of lightweight white 

concrete 
 
     The compressive strength of light-weight white 
concrete was less than that of normal weight 
concrete. The maximum compressive strength was 
obtained in sample #3. 28 and 90 days compressive 
strength of sample #3 was determined as 14.4 MPa 
and 20.1 MPa, respectively. 
 
 

5. Conclusions 
 

      Although the white cement has been used only in 
aesthetic and decorative purposes, white cement can 
be used in the production of white concrete because 
of its high enough compressive strength. The unit 
weight and compressive strength of white concrete, 
which was prepared by crushed stone and white 
cement, increased when the dosage of white cement 
was increased. The compressive strength of the 
concrete samples with the maximum aggregate size 
of 16 mm was higher than that of the concrete 
samples with the maximum aggregate size of 32 mm. 
The compressive strength of WPC 42.5 mortar 

samples was in the range of the values given in the 
standards. 
      The light-weight white concrete has strength 
enough to be used in the construction of wall and 
slab panel. 
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Abstract – From three-phase induction machines, 
asynchronous double-cage rotor motors stand out as 
more specific, as in the construction and after the 
performance. Such a type of motor is selected as the 
objective of a study, and in this paper will be shown a 
part. Namely, the model will be given three-phase 
asynchronous motor with double cage rotor over which 
will be made electromagnetic analysis, software that 
performs calculations using the well-known powerful 
finite elements method in the 3D domain. Three 
dimensional magnetic fields and the distribution of the 
flux density at the middle line of the air gap of machine 
will be presented as a result of this analysis.    

Keywords –Three phase induction motor with double 
squirrel cage, Finite elements method, electromagnetic 
analysis.     
 
 
1. Introduction 

 
Characteristic of asynchrony machines that are 

commonly used in the motor mode is a requirement 
to meet that demands greater value to the initial 
torque value, and thereby lower initial current. This 
requirement is fulfilled by any of the possible ways a 
special form of rotors in cage asynchronous motors 
such as deep channels or double-cage rotor. Three-
phase induction motor with double cage is the most 
common application in regimes with frequent 
switching on and off, in which the initial torque value 
should be greater. In this paper will be presented a 
modern way of obtaining three-dimensional magnetic 
field, and some operating characteristics of three-
phase asynchronous motor with double cage rotor. 
Software which has been applied to obtain the 
distribution of the electromagnetic field in 3d motor 
domain uses the famous and powerful finite element 
method. The three-phase induction motor with 
double cage has the following rated 

data: 13.5 , 240 , 50
2 4, cos 0.85, 84%

= = =
= φ = η =

n nP kW U V f Hz
p

, and ∆  

winding connection.  
 

2. Defining the model geometry of the three 
phase induction double squirrel cage 
asynchronous motor in FEM 3D 

 
That applies in relation to the stator, the particular 

electric motor that is the subject of this analysis there 
is no difference than the standard three-phase 
asynchronous induction machines. Magnetic circuit 
of the stator is laminated and has 48 slots, they set a 
two-layered three-phase distributed coil with winding 
shortened step 11/12=y .             

Magnetic circuit of the rotor has 40 slots,  the rotor 
coil is composed of two cage windings they are 
derived: upper and bottom cage, and having a 
rectangular cross-section conductors, cages-windings 
are made of materials with different conductivity, 
which contributes to improve the performance of 
motors.  

The upper cage is known as start cage (used to run 
the electric motor when sliding is equal to 1), and is 
made of phosphor bronze alloy that has a lower 
conductivity compared to the bottom cage.  

The bottom cage is made of copper and has the 
role of the working cage when the speed of the rotor 
has a large enough value that scrolling is close to 
nominal. Currents redistribution from the top in the 
bottom cage is completely automatic and is 
dependent on the rotor speed and load.  

Complete geometry of three-phase induction motor 
with double cage in 3D domain is presented on 
Figure1.  

 
3. Modeling of the magnetic field 

 
For performing the analysis a three dimensional 

numerical calculation of the magnetic vector 
potential and flux density in a three dimensional 
domain of the three-phase induction motor with 
double cage is required. For that purpose the above 
mentioned computer program based on 3D Finite 
Element Method has been used [1]-[8]. The 
numerical calculation is based on the Poisons’ 
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equation for magnetic field distribution in three 
dimensional domain: 

( )( ) ( )zyxJrotABvrot ,,=⋅    (1) 
 

 
Figure 1. Motor geometry in 3D. 

 
This equation is valid when the magnetic vector 

potential A is calculated in a domain where current 
sources exist. In the case when no current sources 
exist in the domain the right hand side term of the 
equations (1) becomes zero, and thus the whole 
equations becomes Laplace’s equation of distribution 
of magnetic field in three dimensional domain [2], 
[3]. To realize a numerical solution of the equation 
(1) it is necessary to carry out a proper mathematical 
modeling of the machine.  

As a first step in the electromagnetic analysis is the 
generation of the mesh of the finite element model 
over a three-phase induction motor with double cage 
and is performed fully automatically. The 3D finite 
element mesh of three-phase induction motor with 
double cage is generated with 397994 elements and 
is presented on Figure 2. And Figure 3. To get more 
accurate computations in some regions the mesh 
density is increased, especially in the air gap on 
interface between two different materials. Greater 
mesh density increases the computation time. It is 
recommendable to find mesh which is dense enough 
and still computation time is reasonably small. 

On Figure 3 is presented the complete mesh of 
finite elements over the entire engine, while Figure. 4 
is a given part of the mesh of the rotor. 

 

 
Figure 2. Complete mesh of finite elements 

 

 
Figure 3. Mesh of finite elements – rotor 

 
In motor post processing part magnetic flux 

distribution can be plotted and this is presented on 
fig.5 for excitation winding are energized with rated 
currents. 

4.  Magnetic flux density 
 
The relation between the magnetic flux density 

and the magnetic vector potential is definite by 
expression: 

rotAB =      (2) 
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Figure 5. Magnetic field distribution in 3D motor domain 

As mentioned above the values of the magnetic 
vector potential and its components 

{ }zyx AAAA ,,=  in every node of the investigated 
domain are calculated [3],[7]. By using the procedure 
for numerical differentiation, the distribution of the 
magnetic flux density at the middle line of the air-
gap in three-phase induction motor with double cage 
is determinate,[8]. The characteristics of the 
magnetic flux density in dependence of the rotor 
position at different armature currents are presented 
in Figure 7. 

 

][TBδ

][°θrotor position [deg]

 Figure 6. Characteristic of the magnetic flux density 

 
5. Conclusion 
 

     The methodology for modeling of the three 
dimensional magnetic field by using the finite 
element method presented in this paper, was the basic 
concept for determination the magnetic field 

distribution in the three-phase induction motor with 
double cage. From this analysis it can be concluded 
that the three dimensional calculation of the magnetic 
field can provide us with sufficient data to calculate 
the electromagnetic characteristics of the three-phase 
induction motor with double cage and, by using them, 
to analyses the performance of the motor. Also this 
data can be used to calculate and plot the 
electromechanical characteristics of the motor or to 
do an optimization analysis of the motor, searching 
for a more effective and improved motor. 
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Abstract – As the title implies the article describes 
the problems of protection against malicious 
programs. The widely used method of protection, 
which is currently the signature analysis, is 
described. Also the article considers the causes of low 
efficiency of this method/ A method of protection 
against malicious programs that would guarantee to 
prevent the recording and execution of unauthorized 
programs is offered.  
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1. Malware – the modern main threat  

Today the one of the most dangerous threats is 
computer viruses and penetration attacks using 
malware. They mostly serve to allow unauthorized 
access to the information stored on computers. 
Multiply data on world known companies annual 
financial losses prove this fact. 

For example G Data Software researches declare 
annual malware threats number increasing. Total 
number of threats makes the annual record. The total 
number of threats did increase on 50% comparing to 
previous year. In other words the number of malware 
appeared in the first half of this year is already more 
than total malware appeared in the full previous year. 
G Data Software forecast for next year is more than 
2 000 000 of malware applications. 

Previous statistics are 39 670 in 2007, 133 253 in 
2008, 894 250 in 2009, 1 588 053 in 2010. [1] We 
can see that the number of threads grows 
exponentially. “Malware industry produces about 4 
new viruses per minute” – says Ralf Bansmuller (G 
Data Security Labs CEO) 

If we transform the statistics of malware threads 
we can calculate that Anti Virus companies need to 
analyze about 10 000 new malware applications per 
day. Sure such amount can’t be managed only using 
human based analysis. To analyze this enormous 
amount of new malware the new forms of automatic 
analysis is needed. But unfortunately such automatic 
tools are not yet effective enough to fully research 
modern malware examples and without human help 

are useless enough. Making extrapolation (basing on 
current statistics) we can assume that in 2014 there 
will be about 50 000 000 malware application 
available. In 2015 it can be more than 200 000 000 
and so on. Even if someone doesn’t see the danger in 
this number, we can calculate the number of malware 
that undetected pass through antivirus control. If we 
assume Anti Virus Software effectiveness as 99% 
(that is very optimistic forecast) then 1% of 
undetected malware was 16 000 in 2008 and in 2014 
it will be already more than half million. 

While real researches declare detection of just 45-
55% of newly created malware applications [2]. I.e. 
the real effectiveness of Anti Virus Software while 
detecting new malware is much less than above 
assumption. That brings us to enormous number of 
undetected malware applications in near years. 

 

2. Common antimalware methods 

Most modern antimalware methods base on 
malware detection or malware penetration 
preventing. The most used methods are: 

- Malware scanning (signature based). The 
main principle is to scan all files, boot sectors and 
memory space to detect malware presence (find 
unique malware executable code) 

 
- Static analysis. Similar to previous one but 

uses executable code decompilation and comparing 
to signatures only while process execution.    
 

- Dynamic analysis. Differs from static one by 
decompilation absence and analyses process behavior 
while executing. 
 

- Anti Visrus monitor. Similar to scanner, but 
is always present in the memory and works in the 
background scanning files in real time while this 
objects are accessed (files, boot sectors, etc.). Starts 
on OS loading and automatically checks every 
object. Most monitors use File System driver to 
intercept (and scan) file objects access. 
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- Finding differences. This method is based on 
calculating “fingerprints” (CRC-sum) of files and 
system sectors. This “fingerprints” are stored in local 
database. On next run the scanner compares current 
“fingerprints” with original ones and alerts the user. 
 

- Immunizer. This method has two 
implementations. First one writes additional 
executable code to the file ending. And while file is 
executed checks its integrity. Second one protects 
against certain virus modifying the file in such way 
that virus thinks this file is already infected.  
 

- Behavior analyzer. In this case analyzer code 
is always present in computer memory and intercepts 
any system events. When it finds “suspicious” events 
similar to malware it blocks such actions or asks user 
to confirm it. 

 
Modern Anti Virus software mostly use all 

methods described above. 
 
 

3. Common antimalware methods limitations 

Let’s find the source of such critical situation with 
malware while all described methods are 
implemented.  

Signature method limitations are big number of 
signatures and the need of updates. Such big 
signature databases slow down the scan process and 
are difficult in maintaining and updating. 

Scanners most important limitation is an inability 
to detect malware modifications. For example there 
are more than 10 modifications of Melissa malware 
application and every new modification was followed 
by signature updates. And this signature updates can 
take a long time. 

This brings us to second limitation: while new 
signature update is unavailable the user is completely 
unprotected against new malware modification.  

And the third scanner limitation is working only by 
request (i.e. when user launches the scanner). User 
can forget to run scanner while downloading files 
from Internet or from removable drive. 

Anti Virus software developers declare that 
heuristic analysis method embedded into Anti Virus 
software can help, but it gives too many false 
positives. Independent tests of such methods show 
that heuristics can detect only 40-50% of malware 
applications. 

 

Also we must not forget that scanning process 
slows down the system. It takes memory and CPU 
time, this can be very important on old computers 
where the speed can drop up to 100-300%. 

Difference detectors also have limitations. They 
can’t find malware while penetrating, detecting 
malware code only after spreading and system 
modifications. Also they can’t detect malware in 
newly created files (in emails, removable media, etc.) 
due to CRC absence for new objects.  

Immunizers have only one but big limitation. They 
can protect only against certain malware not all at 
once. That is why immunizer method is less present 
in modern world. 

Different methods of encryption and packing of 
malware make them invisible to modern Anti Virus 
software. To detect such malware there is a need for 
strong unpacking and decrypting technologies that 
are rarely used. 

So for today the most used methods to protect 
against malware penetration have low enough 
effectiveness. 

 

4. Implementing new method of antimalware  
protection 

Reviewing described above limitations we suggest 
another method to protect against malware. This 
method is based on objects access control policy. 
Method declares prevention of malware penetration 
and unauthorized applications installation or 
execution. Also it declares deny of execution from 
those resources that are uncontrolled during 
installation phase (such as Internet, removable drives, 
etc.). 

This method uses special access “subject”. In 
common case we can use “all processes” subject 
(both system and user ones). All access control 
policies are implemented to this “subject”. I.e. we 
can create profile named “All processes” which will 
contain all file objects access control limitations. 
(Sure in more complex situation there can be 
different profiles for different types of system and 
user processes). 

As an access objects this method uses only files 
with predefined extensions (that cover all executable 
files, for example *.exe extension). 

To remove the limit of what malware application is 
penetrating the computer (newly created or already 
existed) we define File System “Objects” (FSO) that 
can be executed. 
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The short extension list can be like this:  

• *.com,  
• *.exe,  
• *.bat,  
• *.cmd, 
•  *.php, 
• *.vbs,  
• *.vbe,  
• *.js, 
• *.jse,  
• *.wsf,  
• *.wsh,  
• etc. [5]. 
 

Then we define file system objects which are 
needed for Operation System and user applications 
correct working.  

 
Mostly “objects” are stored in such system folders:  
 

• %Program Files%,  
• %windir% or 
• %systemroot%  

 
and have such extensions:  

• *.exe,  
• *.bat,  
• *.cmd,  
• *.dll,  
• *.drv,  
• *.ocx,  
• *.config,  
• *.manifest,  
• *.log,  

etc. 
 
To prevent unauthorized applications executing we 

allow executing only those objects that have 
“executable” extensions. Also we grant read access 
to these objects. 

To prevent malware penetration we deny the 
modification of all defined objects (executables) and 
deny to create new one executable objects (including 
rename operation). These basic policies above can be 
changed to allow correct application working and 
new authorized applications installation. 

All above rules are set to all system users including 
Administrators users and Administrator group. 

  We did implement this method in test software (for 
Windows XP, Windows 2003, Windows 7 x86, 
Windows 7 x64 and Windows 2008 R2; all test were 
performed using VMware® Workstation 6 virtual 

machines) to research its effectiveness against 
different types of malware applications. 

As there are too many kinds of malware 
applications, we choose for initial test the only one 
type – “drive-by” download type of malware 
applications. 

Mostly this type of malware is downloaded from 
social web sites using script exploits or redirection 
code (cross site references). In common scenario the 
malware is downloaded to target computer 
automatically without user confirmation. This is 
possible due exploiting browser, plug-ins and 
ActiveX elements faults. Common scenario uses 
entering infected site and then redirects (with IFrame 
usage) to the malicious page containing CSS and 
malware script loader. The number of intermediate 
site redirections can be more than one.  

We did test the 4 redirectors from TOP 20 (2011) 
entries of Kaspersky Lab Anti Virus Company. 

They are:  
 

• Trojan-Downloader.JS.Agent.fzn (12),  
• Trojan-Downloader.JS.Agent.gay (13), 
• Trojan-Downloader.JS.Iframe.cfw (14), 
• Trojan-Downloader.JS.IFrame.tm (15). 

 
They use tag <iframe> and redirect the user on the 

malicious web-site and download another JavaScript 
file, which starts exploits. Script-downloaders are of 
two groups:  

 
• Trojan.JS.Redirector.pz (5),  
• Trojan.JS.Redirector.qa (7), 
• Trojan.JS.Redirector.py (8), 
•  Trojan.JS.Redirector.qb (9), 
• Trojan-Downloader.JS.Agent.gbj (11), 
• Trojan-Downloader.JS.Agent.gaf (19). [7]. 

 
All this malware downloader’s use html tags. They 

use <img> tag fields and <div> tag fields. Possibly 
this methods is implemented to bypass Anti Virus 
control emulators and “sandboxes” which doesn’t 
properly support JavaScript and HTML integration.  

We did use previously described policies to deny 
installing auto downloaded malware samples and to 
deny the modification of system files. 

As a result of this test all 4 samples of malware 
downloader’s fail to run downloaded code on 
victim’s machine (while without our test protecting 
software that implements described above method all 
4 malware sample successfully accomplished to 
infect target machines). This result shows good 
effectiveness of suggested method.  



86                                                                                                                                    TEM Journal – Volume 2 / Number 1/ 2013.                                                                                                                                                         

The benefits of this method are: 

• simplicity; 
• protecting against both existing   and 

newly created malware; 
• null false positives; 
• no need of signatures database; 
• low resource requirements (memory and 

CPU). 

Also we plan to research it effectiveness on other 
types of malware samples together with researches of 
performance parameters (to prevent protected system 
performance degradation common while using 
traditional Anti Virus solutions)   
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Abstract: This paper present a way of developing web 
applications for mobile devices in NetBiscuit platform 
which is implemented at the University of Novi Pazar. 
The process of implementation is based on project 
management of e-learning, more precisely on the 
application of project management (through four 
phases: definition, planning, management and 
evaluation). It's designed the combination of project 
management phase which enables more efficient 
planning and performing online education with the 
procedure of design courses for e-learning. The final 
part contains the process of integration of mobile web 
applications with Learning Management System 
(LMS). 
 
Keywords: Mobile Applications, e-Learning, Netbiscuit 

Platform, LMS, Project Management 
 
 
1. Introduction  
 
      In today's modern society, emphasis is placed on 
the availability of information which should be 
provided on all devices that users use to search for 
information. Therefore it is necessary to optimize 
web pages for mobile devices, and this trend is 
increasing fast. Using the mobile internet, customers 
receive the highest possible comfort in finding quick 
information that interests them. Some of the statistics 
that speak in favor of the development of this area 
are [3]: 
 

− 4 billion mobile devices in the world and out of 
that 1.08 billion are Smartphone’s, 

− by 2014. mobile Internet will overtake the use 
of the Internet through computers, 

− 1/2 of all local searches are performed on 
mobile devices, 

− 86% users of mobile Internet using their mobile 
devices during watching TV, 

− 2.7 hours per day - during which the average 
user spends on social networks (Facebook, 
Twitter...).  

      In response to modern trends of distance learning 
at the University of Novi Pazar is established 
combination of traditional education and distance 
learning. This type of learning represents a form of 
student support and supplements to the classical 
method of education using information and 
communication technologies (ICT). Values indicator 
of this system is to help students and teachers with 
ICT technology to easier overcome the teaching 
material. Apart from the implementation of e-
learning at the University in classic web environment 
through a system of e-learning (Moodle and Google 
Aps) on this institution of higher education are 
formed and the shape of e-learning in the form of 
web applications for mobile devices. In the future, 
our web application will be developed to monitor the 
trends of modern education. One of the following 
steps in the development is the ability of electronic 
exam registration as well as filling the various types 
of forms, which will among the other things, reduce 
travel costs of students who do not live near the 
University.  
      This paper consists of three parts. In the first part 
we describe the method and platform development of 
University Web applications. In the second part, we 
specify the basic phases of project management and 
development of the application. In the third part is 
given a concrete integration process of mobile 
applications with the courses that are implemented in 
systems for e-learning. 
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2. Netbiscuits platform for mobile web 
application 

       To develop applications for mobile devices, we 
chose Netbiscuits platform which provides fast and 
efficiently publishing web content through all 
available mobile platforms in the form of a Web site 
or the native application. This platform supports the 
publishing of web content to many types of mobile 
devices including smart phones, media tablet (mini-
computers and phones at the same time) musical 
devices, game consoles, e-readers and even TV set-
top boxes. Netbiscuits retains its independence from 
any mobile operating system installed on the devices 
and provides optimization of Web content for each 
browser on the phone. This platform actually 
translates the code and adapts it to the browsers in 
order to present web contents.  
       Netbiscuits has integrated world classes of 
mobile devices in its platform which is connected to 
one rendering machine that deliver you optimized 
mobile Web applications on any mobile device. This 
platform uses the latest mobile technologies such as 
HTML 5, CSS and Java script, in order to create Web 
sites that users will experience as application [2]. 
This platform provides the use of PHP and MySQL 
technologies to communicate with the database. In 
order to improve the user experience Netbiscuits 
provides optimization tools that enable the 
optimization of labels, CSS, images, audio and video 
content and provides their introduction to the 
characteristics of each mobile device. Netbiscuits 
content is optimized to reduce the load time for users 
who have access over the limited permeable scope. 
Netbiscuits has created a database that contains more 
than 6000 tested mobile device profiles from over 50 
countries worldwide. In order to guarantee maximum 
coverage, reliability and quality of mobile sites and 
applications Netbiscuits does not use of any 
information or open source database.  Database of 
this platform not only check the basic properties of 
each device such as the size of the screen but already 
have detailed information about the search 
capabilities media support, processing power or 
memory capacity of the device. Although mobile 
phones use different platforms and operating systems 
this web application adapts to any phone independent 
of who runs the startup [8]. During development, we 
considered what is it that in relation to the primary 
web site of the information should be placed on the 

mobile web site which will certainly facilitate the 
University students.  
 

While creating the application we were guided by the 
following rules: 
 

- Application should contain the most needed  
information for moving users. 

- Navigation should be easy, fast and intuitive, 
- Rejection of the functionality, content and 

information that are not very necessary to the 
mobile web site reduces the time required to 
access the site. 

- Speed access is also determined how the 
information and content is formatted and 
displayed to the end user. 
 

 

Figure 1. Home page of applications for mobile devices 

        
        As mentioned above, during development of 
web application is used PHP and MySQL technology 
under which the printed BiscuitML source code 
which is only understandable for the Netbiscuits 
platform. When it comes to speed of navigation the 
use of mobile applications offer many benefits to 
students. All information that applications carries are 
already in local phone memory, thereby the speed is 
much higher than in the case where looking for any 
new information on the web site which requires 
additional time needed for data transmission over the 
Internet when you load and display the desired 
content. 
        A detailed functionality description of the 
University applications for mobile devices is 
described in our paper [9]. In this paper we focus on 
system integration for e-learning with a mobile web 
application. In the following we describe the process 
of managing the project through its development 
phase. 
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3. Project management for development of 
mobile web applications 

       Project management is a concept with the help of 
appropriate methods of organization, information 
technology, planning, management and control, 
performs a rational alignment of needed resources 
and coordination of necessary activities to realize a 
project in the best manner. The process of project 
management learning is a much broader concept of 
project management, instructional design, program 
leadership, team management and information 
technology. The concept of project management of 
development of our applications for mobile devices 
is based on establishing efficient organization of 
data, that allows the best use of available methods of 
planning and control for effective project 
implementation with the emphasis on the better 
navigation, content, and easier communication. 
 
3.1 Development phases of the concept of project 

management applications for mobile platforms 
 
       In this part of the paper we will present the basic 
phases of the e-learning. Firstly it is necessary to 
make a difference between the following concepts: 
processes, products and projects of e-learning. The 
process of e-learning involves the whole strategy of 
providing the knowledge using technology and 
networking. The product of e-learning is a package 
that comes with the completion of the project of e-
learning. A project of e-learning is an initiative to 
deliver or improve a separate package of the content 
of e-learning or to create, establish and maintain 
software or infrastructure to support e-learning 
process [6].  Figure 2 (the first and second part)  
presents a model that is implemented through three 
phases in the design of the project: planning, design 
and development. Phase of design and development 
have their sub-phases which are in mutual 
interaction. During the design is created a prototype 
of application that can be reviewed and re-design in 
the future iterations. In the development phase is 
carried out the implementation of received 
applications and carried out its evaluation. There is 
also iteration between the phases of design and 
development. 

 

Figure 2.1 The development of applications based on the 
model 3-Phase (P-ID-ID) – 1 part 

 

Figure 2.2 The development of applications based on 
the model 3-Phase (P-ID-ID) – 2 part 

       The concept of project management and 
development of the application for mobile 
platforms based on the previously presented 
model can be defined through the following 
main steps [1]: 

1. PROJECT DEFINING is a phase that includes 
development of the project plan, its 
implementation and control changes, which is 
very important for the subsequent maintenance 
applications. In this phase are defined the types 
of risks for each phase of the project. 

2. PLANNING is the phase of determining the 
scope and duration of the project. It performs the 
evaluation of individual activities, developing the 
project plan and control changes. 

3. MANAGEMENT is a phase in which are 
determined defined tasks. Manages the risks, 
project scope, quality, cost, communication and 
resources. 
 

 
 

− management of project implementation is actual 
monitoring of the implementation, recording and 
updating of actual data on the realization 



90                                                                                                                                      TEM Journal – Volume 2 / Number 1/ 2013. 

(completed work, cost, duration) as well as 
monitoring of possible changes 

− management of communications is an important 
segment that includes communications planning, 
distribution of information, reporting about the 
project and its administrative closure.  

− resource management is the process of defining 
the resources needed for the project and their 
scheduling. It primarily refers to the selection of 
data that are used and imported from the 
traditional web site of the University. 

− quality management refers to planning and 
definition of measures for its implementation and 
control that is necessary in order to achieve 
desired quality of the results of the project.  

− risk management is the process of identification, 
analysis, planning responses to the risk and its 
control. 

 
4. EVALUATION is the phase during which it 

conducted a formal evaluation of the actual value 
of the project, published reports and 
documentation for the project to ensure the 
quality of the e-learning. 

 
The project ends with a final report, which will serve 
in the realization of future similar projects. 
 

4. Systems integration for e-learning with mobile 
web applications 

       Systems for support learning have experienced 
significant changes and passed many development 
phases and approaches and to the early learning 
system based on large computers with multiuser 
operating systems through the software system  
based on microcomputers developed for various 
computer platforms. Learning Management System 
(LMS) are the key applications in the model of 
electronic education or e-learning  [5]. This kind of 
the system includes a set of functionalities that are 
designed to deliver, monitoring, reporting and 
administration of the learning content. One of these 
systems for e-learning is Moodle [7]. 
        Despite the fact that the concept of Moodle 
architecture respects the principle of minimal 
consumption of resources and computer 
communication networks, there is a need to further 
simplify and optimize it. The reason for this is that 
mobile platforms used today, do not have available 
computer power or speed and bandwidth of modern 

internet connections. The result attempts to respond 
to these requests was implemented as additional 
modules for Moodle environment. 
 
MLE (Mobile Learning Engine) Moodle is a 
module that adds a Moodle installation the ability to 
access with mobile platform (mLearning). This 
module allows you to access on the system besides 
the usual, using the computer, and using mobile 
phones, smart phones, tablet computers and etc. 
Mobile access is possible using a customized web 
pages or specially created applications for mobile 
devices. To integrate our web application with the 
LMS system, Moodle we used described supplement 
for open source system (LMS) Moodle. Supplement 
is copied into the installation file system of Moodle 
and then when you access to the system via mobile 
device browsers or with some special mobile phone 
application designed for learning on mobile phones 
(called the MLE phone client), MLE Moodle 
recognizes the device and adjusts according to its 
performance. To log on the educational course is 
required to login on the mobile application. 
 

 

 

 

Figure 3. Login form and students portal 

        M-Learning use the mobile phones as a medium 
for learning. Therefore the use of mobile phones as a 
medium it can be used anywhere. One possibility is 
to connect mobile web applications with Moodle, a 
system for e-learning which is customized to run on 
mobile devices. With MLE Moodle can be implement 
some mobile learning scenario. The mobile web 
applications are especially good for terrain trips 
where students need to complete quizzes or upload 
images / video / audio or written reports. Creating 
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locations based on the learning scenario for mobile 
tagging or integrated GPS. Make a quick research 
and submit the results immediately in the classroom 
with mobile devices and see results immediately. We 
will present an example of source code that uses the 
link to access the MLE Moodle applications within 
the University. The main issue in this code is linking 
with the MLE-Moodle. 

 

       To demonstrate the functionality of MLE 
modules, we have listed Moodle course which was 
developed for the needs of University teaching. This 
course will be used to configure the module and it is 
necessary that the identical role assign at both 
courses. One such example is illustrated in the 
following figures. 

   

Figure 4. Loading procedure for Moodle course to 
applications for mobile platforms 

        
 
 
 
 
 
 
 

 Moodle has provided that, instead of solely 
classroom training is done and in our working rooms, 
MLE adds a new dimension to learning from any 
location, at any time, regardless of whether you have 
a computer with yourself [4]. 
 
 
5. Conclusion 

       Without a doubt, the future of the internet lies in 
mobile platforms. With the appearance of 
Smartphone mobile devices internet has become 
more attractive to a wider audience. This mini 
Smartphone revolution cannot ignore changes in the 
habits of Internet users. This paper is a proposal of 
how to raise teaching in higher education institutions 
at a higher level and to allow students faster and 
easier access to the information. 
       This paper outlines some of the advantages of 
one model of the implementation of e-learning in 
higher education. We give proposals for application 
of project management in teaching improvement with 
emphasis on rapid development and high quality 
projects of e-learning. Product e-learning which is 
implemented in this way requires a flexible content 
and simple interface customized to learning. The 
advantage of this way of implementation is that the 
method of creating courses for e-learning relies on 
the concept of a person's mobility. This process 
promotes the teaching approach in which the student 
is at the center of attention in any place at any time 
and thus achieves better study.  
The combination of traditional learning with the 
support of e-learning and m-learning is the best 
combination for the study. It is very important to 
apply described procedure of implementation at all 
educational institutions, because in this way the 
teaching will raise to a higher level but also the level 
of student achievement. 

 

 

 

 

 

 

 

<container> 
<column> 
<?php 
print ('<LIST class="mylinklistclass"> 
<items> 
<item 
href="http://d.uninp.edu.rs/blocks/mle/
browser.php?xml=courses,c9-2 "> 
</items> 
</LIST>'); 
?> 
</column> 
</container> 
 

http://d.uninp.edu.rs/blocks/mle/browser.php?xml=courses,c9-2
http://d.uninp.edu.rs/blocks/mle/browser.php?xml=courses,c9-2
http://d.uninp.edu.rs/blocks/mle/browser.php?xml=courses,c9-2
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Abstract - Friction drilling is non-traditional hole 
drilling method which uses the frictional heat due to 
the friction between a rotating conical tool and the 
workpiece to soften and penetrate the work-material 
and obtained a hole in a thin wall thickness material 
and at the result a bushing form. The selected spindle 
speeds were 1200rpm, 1800rpm, 2400rpm, 3000rpm, 
3600rpm, and 4200rpm, feed rates were 25mm/min, 
50mm/min, 75mm/min, and and100mm/min. Tool 
material was HSS which has 36o conical angle and 
16mm cylindrical region length, workpiece materials 
were A1050, A6061, A5083, and A7075-T651 
aluminium alloys which have different thermal 
conductivity coefficients and 4mm thickness. It was 
investigated the generated frictional heat, surface 
roughness, and bushing height according to spindle 
speeds, feed rates, and thermal conductivity coefficient 
of the materials.  At the end it was discovered that with 
increasing thermal conductivity coefficients, the 
sufficient frictional heat was gained at the high spindle 
speeds and low feed rates. The greater bushing heights 
were obtained at lower spindle speeds and high feed 
rates. In friction drilling A5083, A6061, and A7075-
T651 aluminium alloys, the optimum surface 
roughness were generated at 2400rpm and all of feed 
rates, which were used, the optimum surface roughness 
values were provided. Due to the high thermal 
conductivity coefficient of A1050 aluminium alloy the 
optimum surface roughness values were gained at 
25mm/min and 2400rpm, at 50mm/min and 3000rpm, 
at 75mm/min and 3600rpm, 100m/min and 4200rpm 
feed rate and spindle speed couples.  
 
Keywords: Friction Drilling, Thermal Conductivity,  

Surface Roughness, Bushing Height 
 

1. Introduction 

 Friction drilling is a non-traditional hole making 
method that uses the heat generated due to the 
friction between a rotating conical tool and the 
workpiece to soften and penetrate the work-material 
and generate a hole in a sheet material and at the 
result a bushing forms [1-13]. In friction drilling 
forms bushings from the sheet metal material, it is 
clean and chip less drilling method.  The material 
properties and microstructures are changed in friction 
drilling because of high temperature and strain. In 

machining and production methods these results 
often unwanted but they are unavoidable and 
important to affect the quality of friction drilled holes 
[3-5]. Contrary to the traditional drilling there is no 
chip and waste material, all extruded material 
contributes to form the bushing and it eliminates chip 
generation in friction drilling, therefore it can be 
called clean and chipless hole making process. Tool 
life is increased, time of processing and cost of 
drilling are reduced, and bushing form is thicker than 
the workpiece about three times, which provides 
longer contact area that fitted a shaft firmly [6-11].  

 According to the tool geometry there are four 
steps in friction drilling. First, the tip of the tool 
approaches and penetrates the work piece. Second, 
the generated heat that softens the work material due 
to the friction on the contact surface which is 
between tool and work piece. Third, he softened 
material is pushed sideward and tool moves forward 
to form the bushing using the cylindrical section of 
the tool. Fourth, the extruded burr on the boss 
pressed to the work piece surface by the shoulder of 
the tool and finally the tool retract and leaves a hole 
with a bushing [4]. The tool tip and the friction force 
on the contact area which is between the tool-
workpiece interfaces, like the web centre of the twist 
drill deals into the workpiece and support the drill in 
both radial and axial directions. The softened 
material pushed sideward by the tool which extruded 
and pierces through the workpiece. The tool tip 
penetrates the workpiece and tool waves further 
forward to push the softened material and form the 
bushing with using the cylindrical part of the tool [5]. 

 The purpose of the bushing is increased the 
thickness for threading and available clamp load. 
Friction drilling is suitable apply to ductile materials. 
The petals and cracks formations are generated at the 
bushing which obtained at the end of friction drilling 
of brittle cast metals. Petal formation generates a 
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bushing with limited load capability for thread 
fastening. The difference in brittle and ductile 
workpieces can be seen as the brittle work-material 
does not form a bushing with desired shape and 
ductile work-material has a smooth, cylindrical 
bushing with sufficient length. The ratio of 
workpiece thickness (t), to tool diameter, (d), is an 
important parameter in friction drilling. The high of 
bushing contributed at high t/d represents that a 
relatively longer portion of material is displaced 
materials with higher strength requires more thrust 
force to be penetrated. The bushing shape, the 
cylindricality, petal formation, bushing wall 
thickness, and surface roughness are made to judge 
the friction drilled hole quality. The bushing shape, 
which becomes cylindrical, has less fracture as 
workpiece temperature increases. At high spindle 
speed and pre-heating, the thrust force, torque, 
energy and power reduce for friction drilling of 
brittle cast metals. The thrust force and torque are 
reduced at higher feed rates and shorter cycle time 
for hole drilling [5]. The bushing height is usually 
two to three times as thick as the original workpiece 
[6]. The ductility of workpiece material, which is 
extruded onto both the front and back sides of the 
material drilled, increases due to the frictional heat. 
The length the threaded section of the hole can 
increases about three to four times because of the 
added height of the bushing shape [7]. The bushing 
shape is to increase thickness to threading and 
available clamp load. [8]. 

 The friction drilling tools geometry is important. 
The tool geometry becomes from five regions, which 
are called centre, conical, cylindrical, shoulder, and 
shank regions. The centre region, like the web of 
twist drill, provides the support in the both radial and 
axial directions. Conical region has sharper angle 
than the centre region. This region rubs against 
workpiece in the contact area which is between and 
pushes the material sideward to shape the bushing. 
Shoulder region touch to the workpiece to round the 
entry edge of the hole. Shank region grippes the tool 
to holder of the machine [6]. 

 The temperature in the work piece cause to 
undesired material damage and improper bushing 
formation. In friction drilling of materials which 
thermal conductivities are high, a large portion of the 
heat is transferred into the work piece. Low 

temperature causes insufficient ductility and 
softening resulting in high thrust force and improper 
bushing formation. These effects removed with 
selection of low spindle speeds for materials which 
have low thermal conductivity coefficient and high 
spindle speeds for material which have high heat 
conductivity coefficient [4]. The low elongation of 
materials suggests the high fracture and petal 
formation. The frictional heat which generated at the 
tool-workpiece interface provides information about 
thermal properties. The high thermal conductivity of 
the material cause to more heat transfer away from 
the tool-workpiece interface quickly, which reduces 
the workpiece temperature and ductility for bushing 
formations. In friction drilling the workpiece material 
melting temperature is important. The maximum 
temperature which is generated is about 1/2-2/3 of 
the workpiece melting temperature. The material 
plasticity is increased at elevated temperature which 
occurred at high rotational speed and pre-heating 
conditions. Most of the energy converts into heat and 
transfers to the workpiece and tool [5]. The tool 
surface temperature increases with increasing spindle 
speed and the more friction heat is generated. The 
friction coefficient, which is between the tool and 
workpiece contact area, increases with increasing the 
number of holes drilled, thus raising the surface 
temperature. Lower thermal conductivity of the tool 
and workpiece material causes to increase both tool 
surface temperature and the temperature, which is in 
contact area between tool-workpiece interfaces. The 
lower tool thermal conductivity resulted in less 
significant variation in axial thrust force produced 
and tool surface temperature [9]. 

  With increasing spindle speed the metal 
crystallization energy is increased and generated 
uneven melting temperature, thus the surface 
roughness value is smaller. Large feed rates are 
caused to insignificant melting temperature and 
incomplete melting of the material. The material, 
which is incomplete melting, adhering on drill and 
therefore the surface roughness of the hole is 
increased. Slow feed rates are caused to material 
melting temperature, which have different cooling 
speeds. The upper material layer is cool down faster 
than the lower material layer. Thus the drill tool 
adhere the metal chip, and obtain a bad hole surface 
quality [8]. The greater the number of hole drilled the 
higher the tool surface temperature. This can be 
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attributed to the greater surface roughness, as a result 
of adhesion tool to workpiece [9]. 

The purpose of this experimental study is 
investigated the friction drilling of aluminium alloys 
which have different thermal conductivity 
coefficient. It was analysed the effect of the thermal 
conductivity on the surface roughness, bushing 
height and bushing wall thickness, depended on the 
spindle speeds and feed rates. 

 
2. Nomenclature 

 

d: Hole diameter (mm) 

ØD1: Tool shoulder diameter (mm) 

ØD: Tool shank diameter (mm) 

t: Material thickness (mm) 

ha: Bushing height (mm) 

n: Spindle speed (rpm) 

f: Feed rate (mm/min) 

L: Tool handle region (mm) 

T: Tool shoulder region (mm) 

hl: The length of the tool cylindrical region (mm) 

hn: The length of the tool conical region (mm) 

hc: The length of the tool tip region (mm) 

 β: Tool conical angle (o) 

α: Tool tip angle (o) 

 

3. Experimental setup and procedure 

A HESSAP True – Trace C – 360/3D 1095 Model 
copy milling machine was used for friction drilling 
experiments of A7075 – T651 material. Overview of 
the setup in HESSAP True – Trace C – 360/3D 1095 
Model copy milling machine was shown in Fig. 1. 
The tool was held by a standard tool holder. The tool 
used in this study has d: 8 mm diameter, hl=16 mm 
tool cylindrical height, α=900, β=360. The tool 
material was High Speed Steel (HSS) showed in Fig. 
2. The spindle speeds used as 1200 rpm, 1800 rpm, 
2400 rpm, 3000rpm, 3600 rpm, 4200 rpm, and the 
feed rates 25mm/min, 50 mm/min, 75 mm/min, and 
100 mm/min respectively. A7075-T651 materials 
were used for experiments, which had 4mm 
thickness, in this friction drilling study. 

 

 

Figure 1: Experimental setup with tool, thermo couple and work piece. 
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Figure 2:  Key dimensions of the friction drilling tool (a) and its image (b) 

 

In this friction drilling of aluminium alloys, which 
have different thermal conductivity coefficients, 
there were used two different thermocouples to 
measure the frictional heat. Their diameters were 
2mm. The distance between the drilled hole and the 
centre of the first thermocouple hole was 7mm, and 
the second thermocouple hole was 6mm (Fig. 3). The 
distance between the hole surface of the first 
thermocouple and the surface of drilled hole was 

2mm, and the hole surface of the second 
thermocouple was 1mm. The frictional heat which 
was measured with the second thermocouple taken 
into considers, because of it was greater. Surface 
roughness was measured with Taylor Hobson 
Surtronik 3+ apparatus at 0.25cm distance. The 
bushing heights were measured with a depth 
micrometer at four different positions and in them the 
greater value was taken into considers. 

 

 

 
 

Figure 3: Thermocouples fixing positions a) picture, b) designed image 
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The bushing shapes, which were generated at the 
result of drilled aluminium alloys, were demonstrated 
in Fig. 4.  These bushings were generated in friction 
drilling aluminium alloys at 1200rpm spindle speed 
and 25mm feed rate. There was 1mm distance 
between the holes surface of thermocouple and the 
surface of drilled holes which were pointed out in 
Fig. a, c, e, and g. There was 2mm distance between 

the holes surface of thermocouple and the surface of 
drilled holes which were pointed out in Fig. b, d, f, 
and h. The bushing heights were measured with a 
depth micrometer at four different positions, which 
was shown in Fig. 4.h. as ha, and take into considers 
the greater values. The mechanical and thermal 
properties of the aluminium spaces which were used 
in this experimental study were denoted on Table1.

   

 

 
 

Figure 4: Bushing pictures that obtained, (A1050 a-b), (A5083 c-d), (A6061 e-f), (A7075 g-h) 

 

Table 1: The properties of experimental materials 

Properties A1050 A5083 A6061 A7075-T651 
Melting Temperature (oC) 675 638 652 635 
Density (g/cm3) 2.705 2.66 2.70 2.8 
Thermal conductivity (W/m-K) 231 120 180 130 
Tensile strength (MPa) 76 290 90 572 
Yield strength (MPa) 28 145 48 503 
Elongation (%) 39 17 22 11 
Shear strength (MPa) 62 172 69 152 

 

 

4. Results and discussion 
 

4.1. The generated frictional heat  

The low thermal conductivity of the material, high 
spindle speeds, and low feed rates were caused to 
obtained high temperature in tool-workpiece contact 
area. The frictional heat was increased regularly 
when thermal conductivity of the material was 
decreased.  High thermal conductivity of the 
workpiece and tool material was caused to dissipate 
the heat into tool and workpiece, therefore the 
obtained heat of the process was reduced. The high 
thermal conductivity caused to more heat transfer 
away from the tool-workpiece interface quickly. 
With increasing spindle speed and decreasing feed 
rate the process temperature of friction drilling 
process was increased due to high tool cycling at unit 
feed rate. The tool surface temperature was increased 

with increasing spindle speeds, decreasing feed rates, 
and thermal conductivity of frictional drilled 
material. 

The effective of thermal conductivity, spindle 
speed, and feed rate over the friction drilling process 
temperature of aluminium alloys were shown in 
Figure 5. The maximum heat was measured as 
241.80C at 1 mm far from the surface of the friction 
drilled hole to A5083 aluminium alloy, which has the 
lower thermal conductivity coefficient, at 25mm/min 
feed rate and 4200 rpm spindle speed. The lower 
obtained heat was measured as 86.90C at 1 mm away 
from the hole surface of the friction drilled hole to 
A1050 aluminium alloy, which has higher thermal 
conductivity coefficient, at 100 mm/min feed rate 
and 1200 rpm spindle speed. Due to increases the 
deformations affection at high feed rates, insufficient 
melting temperature was obtained in tool-workpiece 
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contact area. Therefore with increasing feed rates the 
frictional heat was decreased. With increasing 
spindle speeds the friction cycling numbers, which 
was occurred between too-workpiece surfaces were 
increased, therefore the obtained heat was increased 

too. The bushing shapes were generated as petals, 
which had been cracks, in friction drilling of A5083 
and A7075-T651 aluminium alloys due to the lower 
elongation values.   

 

 

Figure 5. The effect of the thermal conductivity, spindle speed, and feed rate on temperature 

 

4.2. The surface roughness 

     Large feed rates were caused to insignificant 
softening temperature and incomplete softening of 
the material. Because of incomplete softening 
temperature, the material was adhering on drill and 
therefore the surface roughness of the hole increased. 
Slow feed rates were caused to material melting 
temperature, which have different cooling speeds. 
The upper material layer was cooled down faster than 
the lower material layer. Thus the drill was adhered 
to the metal chip and obtained bad surface quality. At 

high spindle speeds, the generated frictional heat was 
increased, and this was attributed the greater surface 
roughness due to workpiece adhesion to the drill tool. 
At lower spindle speeds due to the insufficient 
softening temperature the surface of the drilled hole 
had been different cooling speed the surface 
roughness was increased.  

      The effects of the thermal conductivity, spindle 
speed, and feed rate on the surface roughness were 
observed in figure 6. For the A1050 aluminium alloy, 
the optimum surface roughness values were obtained 
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at 25mm/min and 2400rpm, at 50mm/min and 
3000rpm, at 75mm/min and 3600rpm, 100m/min and 
4200rpm. Due to the high thermal conductivity 
coefficient of A1050 alloy, with increasing both feed 
rate and spindle speed the sufficient frictional heat 
was obtained, therefore the surface quality was 
increased. For A5083, A6061, and A7075-T651 
aluminium alloys, at 2400rpm and all of feed rates, 
which were used, the optimum surface roughness 
values were provided. The minimum surface 

roughness values were measured at 4200rpm and 
25mm/min as 2.6µm for A1050, at 2400rpm, 
25mm/min and 75mm/min as 2.8µm for A6061, 3µm 
for A5083, and at 2400rpm, 50mm/min and 
100mm/min feed rates as 2.4µm for A7075-T651 
aluminium alloys. For gaining the sufficient 
frictional heat in friction drilling aluminium alloys, 
which has large thermal conductivity, great spindle 
speeds and low feed rates were required.

 

 

 

Figure 6. The effect of the thermal conductivity, spindle speed, and feed rate on surface 
roughness 

 
 
4.3. The bushing height 

In friction drilling of materials which thermal 
conductivities were high, a large portion of the heat 
was transferred into the work piece. Low temperature 
caused insufficient ductility and softening resulting 

in improper bushing formation. These effects were 
removed with selection of low spindle speeds for 
materials, which had low thermal conductivity 
coefficient, and high spindle speeds for material, 
which had high heat conductivity coefficient. Low 
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elongation of materials suggested the high fracture 
and petal formation. The high thermal conductivity 
of the material caused to more heat was transferred 
away from the tool-workpiece interface quickly, 
which was reduced the workpiece temperature and 
ductility for bushing formations.  

The effects of the thermal conductivity, spindle 
speed, and feed rate on bushing height were observed 
in figure 7. The greater bushing heights were gained 
at 1800rpm and 50mm/min feed rate in friction 
drilled A1050 aluminium alloy and it was measured 
as 8.56mm, in friction drilled A6061 alloy the larger 
bushing height was measured as 6.71mm. In friction 
drilling A7075-T651 aluminium alloy the bushing 
height was measured as 6.27mm at 3000rpm spindle 

speed and 50mm/min feed rate, at 3600rpm spindle 
speed and 100mm/min feed rate it was measured as 
6.06mm for A5083 aluminium alloy.  

Bushing height was increased orderly with 
increasing feed rate due to softened material were 
pushed in direction of tool motion. It was decreased 
regularly with increasing spindle speed because of 
the affection of the high momentum, which obtained 
at high spindle speeds. At 1200rpm spindle speed 
due to insufficient temperature and softening the 
material lower bushing height values were gained.  
When spindle speed was greater than 1800rpm 
because of the high momentum affection the softened 
material dissipated in radial direction and bushing 
height values were decreased.

 

 

 

 

Figure 7. The effect of the thermal conductivity, spindle speed, and feed rate on bushing Height 
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5. Conclusions 
 
The high frictional heat was generated at high 

spindle speeds and feed rates in friction drilling of 
aluminium alloys which have low thermal 
conductivity coefficient. The frictional heat was 
increased regularly when thermal conductivity of the 
material was decreased.  High thermal conductivity 
of the workpiece and tool material was caused to less 
frictional heat generated. The maximum heat was 
measured as 241.80C at 1 mm far from the surface of 
the friction drilled hole to A5083 aluminium alloy, 
which has the lower thermal conductivity coefficient, 
at 25mm/min feed rate and 4200 rpm spindle speed. 
At high feed rates, insufficient melting temperature 
was generated in tool-workpiece contact area. With 
increasing spindle speeds the friction cycling 
numbers, which was occurred between too-
workpiece surfaces were increased, therefore the 
obtained heat was increased. 

 
Because of incomplete softening temperature, the 
material was adhering on drill and therefore the 
surface roughness of the hole increased. At slow feed 
rates, because of different cooling speed on the 
surface of the workpiece the surface roughness was 
increased. Due to the high thermal conductivity 
coefficient of A1050 alloy, with increasing both feed 
rate and spindle speed the sufficient frictional heat 
was obtained, therefore the surface quality was 
increased. A5083, A6061, and A7075-T651 
aluminium alloys, at 2400rpm and all of feed rates, 
which were used, the optimum surface roughness 
values were provided. For gaining the sufficient 
frictional heat in friction drilling aluminium alloys, 
which has large thermal conductivity, great spindle 
speeds and low feed rates were required. 
 
 At high feed rates the bushing height was 
increased systematically due to softened material 
were pushed in direction of tool motion, and it was 
decreased regularly with increasing spindle speed 
because of the affection of the high momentum. 
Because of insufficient temperature and softening the 
material lower bushing height values were gained at 
1200rpm spindle speed.  At greater than 1800rpm 
spindle speeds because of the high momentum 
affection the softened material dissipated in radial 
direction and bushing height values were decreased. 
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