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Design of experiment on final resin mass
fraction in composite
Risteska Svetlana1, Trajkovska Petkoska Anka2, Stefanovska Maja1, Trajkovska Anita1, Samakoski Blagoja1
1
2

Institute for Advanced Composites and Robotics, Prilep, Macedonia,
University St. Kliment Ohridski, Facility of Technology and Technical Science, Veles, Macedonia.

Abstract
The manufacture of fiberglass reinforced epoxy composite parts by wet filament winding process was studied in terms of final resin fraction in
the parts. Processing parameters such as: winding speed, fiber tension and different amounts of
solvent (acetone) in thermoset resin system were
analyzed. By use of 23 factorial design of experiment, optimal combination of process parameters
was determined.
Beside the process parameters and their effects
on the resin final mass fraction in the final composite parts, it was found that their interaction also
plays a major role. Higher amount of solvent into
the resin system lead to lower resin content and induce a change of mechanical properties and thermal stability of final composite structure. SEM
analysis evidenced good merger between fibers
and matrix, but at the same time increase of the
voids in composite samples could happen when
solvent percent increases.
Key words: filament winding, fiberglass reinforcements, epoxy resin, design of experiment
1. Introduction
The addition of solvent to thermoset resins has
been known as a route to reduce the viscosity of
resin system, which can lead to reduction of the resin weight fraction in final composite parts. Adding
solvent to the polymer matrix also helps for a better distribution of the dopants in the resin, such as
carbon nanotubes, fillers and other additives [1-4].
Although the use of a solvent is beneficial for
tailoring the mass fraction of resin (wR) in final
composites it could raise certain difficulties like,
residual solvent and voids in the final products, as
well as undesirable final product shrinkage, even
a small amount of solvent left in the matrix can
Volume 10 / Number 3 / 2015

negatively affect the mechanical properties of the
final product.
Solvent attacks on the resins are also known to
influence both physical and chemical effects. The
latter usually are summarized as: being either hydrolysis (of the ester linkages in a polyester, for
example) or oxidation, although these processes
are very slow at ambient temperatures. In most
cases, the chemical attack naturally reduces the
mechanical properties of the common resins [5-8].
Therefore, the nature and amount of solvent have
to be properly selected and serve the purpose for
which it is added without causing too much harm
on the final product performance and integrity.
Lau et al. [9] studied the traces of solvent in
the resin and their effects on cross-linking process. Other authors have also investigated the effect of solvents on final composite properties. For
instance, Hong and Wu [10] researched the influence of different solvents on the curing process of
epoxy resin and dicyandiamide, while Bersee [11]
investigated the consolidation of CETEX glass/
PEI prepreg at molecular, micro and macro level.
Feller et al. [6] examined the electrical properties
of conductive polymers in presence of chloroform
and toluene, as solvents to the polymer matrix.
In this context, the main objectives of this work
are:
– To study the effects of solvent and filament
winding parameters on constituents content
in final composite products;
– To find the optimal set of control parameters
for production of composite products with
lower mass fraction of resin, manufactured
by filament winding, using factorial design
of experiment (DOE);
– To determine the influence of solvent and
winding parameters on hoop tensile strength
and thermal stability of manufactured
composite parts.
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2. Experimental
2.1 Materials and equipment
In this work, E-glass fibers SE1200 with 1200
tex and outside unwinding by Owens Corning were
impregnated into epoxy resin system Araldite®
LY1153 / Aradur® 917 / Accelerator® 960-1. Different amounts of acetone used as a solvent were
added into the resin system. Viscosity of resin system was measured with Viscolite 700 portable viscometer by Hydramotion. Six glass fiber bobbins
were placed on mechanical fiber creel. Steel mandrel was used for winding process on laboratory
filament winding machine (FB 6/1) with 6 axes
and roller type impregnation bath produced by
Mikrosam AD. Temperature of the resin bath was
kept constant at 37 oC. Specimens with 200 mm
width were winded with 6 layers of impregnated
glass fibers in radial direction with 9 mm winding tape width. Resin amount on the impregnation
roller was held constant during the winding of all
samples with help of knife. After winding, fabricated samples were cured with industrial heater at
100 oC for 6 hours.
Mechanical properties were tested with universal testing machine with maximal load of 250 kN
and loading speed of 5 mm/min.
Thermal analysis, thermal stability and decomposition of composite samples were tested with

Perkin-Elmer TGA instrument with PE Pyris Diamond System in nitrogen atmosphere.
Matrix impregnation of reinforcement fibers
and presence (or absence) of voids in composite
samples were monitored with scanning electron
microscope (SEM) by Tescan, VEGA3 LMU.
2.2 Factorial design of experiment
To investigate the effect of solvent content,
winding tension and winding speed in filament
winding process on constituent’s mass fraction in
final composite products, factorial design of experiment (DOE) with number of permutations 23
was applied. Specified variables in two levels were
combined (Table 1). In Table 2 values of used factors and their combinations are presented.
3. Results and discussion
3.1 Mass fraction of constituents in final
composite sample
Pieces with dimension of 25 mm x 25 mm were
cut from each sample and burned on 600 oC for 1
hour in laboratory oven from Instrumental. Fiber
mass fraction (wF) and resin mass fraction (wR)
were determined according to ASTM D3171 [12].
Obtained results received from samples manufactured in compliance with combinations specified
in Table 2 are presented in Table 3.

Table 1. Levels of control parameters using DOE
Symbol

Factor

A(x1)

Level
1

2

Percent of acetone / %

10

40

B(x2)

Winding tension / N

60

150

C(x3)

Winding speed / m min

5

16.5

-1

Table 2. Factorial design 23
No
1
2
3
4
5
6
7
8
306

Values of factors
A
40
10
40
10
40
10
40
10

B
150
150
60
60
150
150
60
60

C
16.5
16.5
16.5
16.5
5
5
5
5
Volume 10 / Number 3 / 2015
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Table 3. wF and wR in composite samples
No

Winding parameters

wF , %

wR , %

1
2
3
4
5
6
7
8

A2/B2/C2
A1/B2/C2
A2/B1/C2
A1/B1/C2
A2/B2/C1
A1/B2/C1
A2/B1/C1
A1/B1/C1

79.9
71.9
76.0
72.5
74.7
71.9
77.8
70.9

20.1
28.1
24.0
27.5
25.3
28.1
22.2
29.1

Table 4. wF and wR in composite samples made without solvent
No

Winding parameters

wF , %

wR , %

9
10
11
12

A0/B2/C2
A0/B1/C2
A0/B2/C1
A0/B1/C1

67.5
66.7
66.0
65.2

32.5
33.3
34.0
34.8

Data presented in Table 3 show that addition of
10 % acetone into the resin system have decreased
wR for ~ 17.5 %, while addition of 40 % acetone
have lead to significant reduction (around 40 %)
of wR in final composite part.
Table 4 shows the results of constituent’s mass
fraction of samples manufactured with pure resin
system without any addition of acetone (A0), were
calculated wR is in the range between 32.5 % and
34.8 %. It can be concluded that composite products manufactured with pure resin system have
similar resin mass fractions even when different
winding parameters are used. These results are
used as reference for comparison to the results obtained from samples manufactured with solventdiluted resin systems and can be concluded that
pure resin system in combination with other two
winding parameters have demonstrated higher
resin mass fraction in final composites samples.
Figure 1 presents that the smallest wR in final
composite is reached for parts made with B2/C2
parameters for pure resin and composite samples
winded with 40 % acetone.
However, opposite result was obtained for composite samples winded with 10 % acetone (Figure
1). In this sample, winding speed has shown bigger
influence on the resin mass fraction in comparison
to winding tension. The lowest wR in the final composite part was measured for sample A2/B2/C2.
Volume 10 / Number 3 / 2015

Figure 1. Influence of acetone’s percent in wR in
final composite parts (mA-mass of acetone, mRmass of resin)

3.2 Factorial design of experiment
The results of resin mass fraction, dispersion
(S ) and minimal values of parameter’s final coefficients (Δbi) for factorial design 23 are presented
in Table 5.
Minimal value of parameter’s coefficient is
0.241, where parameters dependence is represented by use of equation (1).
2
y

y=25.548-2.678x1-0.621x3-0.674x23-1.072x123
......................................... (1)
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Table 5. Results from DOE
No
1
2
3
4
5
6
7
8

Yexp
20.1
28.1
24.0
27.5
25.3
28.1
22.2
29.1

Sy2
0.171
0.238
0.232
0.148
0.603
1.025
0.054
0.003

According to the calculations, Cochran criteria
(Gcal < Gtab) with Gcal equal to 0.414 fulfill homogeneity of dispersion, whereas Fisher criteria (Fcal <
Ftab) with Fcal equal to 0.915 supports the adequacy
of the model. In agreement to these results can be
concluded that hypothesis for model 23 is acceptable with 5 % mistake [13]. Equation (1) confirms
previously made conclusion that winding speed
show bigger influence on resin mass fraction in
comparison to winding tension.
3.3 Viscosity of epoxy resin system
The influence of acetone on resin viscosity at
21.3 oC is shown in Figure 2.
In order to avoid viscosity variation due to
temperature differences, it was allowed only ±1
o
C change in temperature during operation of resin system. Figure 2 shows drastically decrease in
resin viscosity from 1158.1 mPas to 298.5 mPas,
when only 5 % of acetone is added to the pure resin system. As expected, the addition of more acetone to the system further significantly reduces the
system viscosity, reaching the value of 8.5 mPas
when 40 % acetone is added to the resin system.

Sy2mid

S2bi

Δbi

0.309

0.013

0.241

3.4 Tensile properties
Mechanical properties hoop tensile strength of
final composite parts was determined with help of
NOL ring samples tested according to standard
ASTM D2290.
NOL ring samples before tensile tests were assembled on split-disk test fixture, specially designed
to fix in the used testing machine. During tests,
samples were subjected to force load and forcedisplacement diagram was generated. Firstly on the
diagram first ply failure was detected. Even thought
sample was damaged, it was still caring the load.
With further load increase maximal break load was
reached and sample failed with rupture. Received
results for maximal break force and calculated hoop
tensile strength for each NOL ring sample are given
in Table 6a and Table 6b.
From results given in Table 6a and 6b can be
noticed that the presence of acetone resulted in a
decrease in tensile strength and elongation at break
of the composite samples. This effect was more
pronounced for samples prepared with higher acetone content. Therefore, care must be exercised
during production process of samples in order to
ensure that all solvent is removed before curing.
The decrease in tensile strength may be related
to the presence of weakly bonded acetone rich areas of the resin which may act as stress concentration points. This was attributed to the presence of
defects in the specimen, such as porosity (void)
originated from acetone evaporation for samples
manufactured with winding parameter C2.
3.5. Thermal analysis

Figure 2. Influence of acetone addition on resin
viscosity (ηR)
308

Thermogravimetric analyses (TGA) were conducted on composite samples winded with B2/C1
and B2/C2 parameters and different amounts of
Volume 10 / Number 3 / 2015
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Table 6а. Hoop tensile strength of composite sample
No
1
2
3
4
5
6
7
8

Winding parameters
A2/B2/C2
A1/B2/C2
A2/B1/C2
A1/B1/C2
A2/B2/C1
A1/B2/C1
A2/B1/C1
A1/B1/C1

Hoop tensile strength, MPa
630.6
672.87
608.3
688.19
608.3
615.55
650.3
631.97

Table 6b. Hoop tensile strength of composite samples made without solvent
No
9
10
11
12

Winding parameters
A0/B2/C2
A0/B1/C2
A0/B2/C1
A0/B1/C1

acetone added to the resin system. Samples were
heated at rate of 20 oC min-1 in the range from 0
o
C to 800 oC in nitrogen atmosphere. The results
of TGA scans and differential thermal analysis
(DTA) are presented in Figure 3 and Figure 4,
where residuals after TGA can be attributed to the
glass fibers in the composite. The thermal analysis of tested composites as observed in TGA runs
(Figure 3) has shown three major events.
The initial weight loss in the temperature range
of 50-200 oC can be associated with the loss of
moisture, residual solvent and/or other low molecular weight compounds (e.g. additives) from
the samples. This initial weight loss is followed by
more complex degradation reactions, where volatile products are likely to be formed and more pronounced weight losses are observed (e.g. generation of volatile degradation products can be due to
the random polymer chain scission reactions, which
in general require temperatures above 200 oC).

Hoop tensile strength, MPa
696.8
694.8
610.25
635.3

b) samples with C2
Figure 3. Thermogravimetric analysis (TGA) of
composite samples
Note 1: mT-mass at temperature T, m0 – initial mass.

At ~ 200 oC, the second event (and most likely, the first set of degradation reactions) happens
followed by the third event with more significant
weight losses starting at ~350 oC and ending at approximately 450-500 oC referring to the degradation of resin material of higher molecular weight
formed during curing.
From results given in Table 7 it can be concluded that winding speed also has an influence on
resin mass fraction. Increase of winding speed for
neat resin sample lead to decrease of wR, whereas
for samples with 10 % and 40 % solvent inside the
resin induce rise of wR..

a) samples with C1
Volume 10 / Number 3 / 2015
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Table 7. Resin mass fraction loss (wR) in composite samples as a function of temperature
T / oC
0
50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800

A0/B2/C1
0
0
0.2
0.4
2.6
7.1
12.1
19.1
49.6
94.5
98.3
99.2
99.6
99.7
99.8
99.9
100.0

A1/B2/C1
0
0.2
0.4
0.9
2.8
6.6
11.0
17.6
52.7
94.8
98.1
99.1
99.5
99.7
99.8
99.9
100.0

A2/B2/C1
0
0
0.3
1.2
4.2
9.5
14.2
21.1
55.4
95.3
98.3
99.4
99.7
99.9
100.0
100.0
100.0

(a) samples with C1

b) samples with C2
Figure 4. Derivative of thermogravimetric scans
(DTG) of composite samples
In Figure 4 are given derivatives of thermogravimetric curves of composite samples from
310

wR / %

A0/B2/C2
0
0.1
0.2
0.5
2.4
6.4
10.8
17.7
50.5
94.5
98.2
99.3
99.6
99.8
99.8
99.9
100.0

A1/B2/C2
0
0.4
1.0
2.4
6.5
11.2
15.0
23.5
57.4
90.6
96.0
98.3
99.2
99.6
99.8
100.0
100.0

A2/B2/C2
0
0.5
1.2
2.9
6.8
12.1
16.5
23.3
59.3
95.5
98.3
99.3
99.7
99.9
100.0
100.0
100.0

which, the temperatures at which maximum degradation rate occurs can be extracted.
It was observed that the temperature at which
maximum rate of weight loss occurs is slightly
shifted towards lower temperatures for samples
made with acetone, which can be attributed to the
formation of voids in the composite samples when
the solvent is added.
The temperatures where maximum rate of
weight loss occurs and the results for the relative
stability of the tested composite samples are summarized in Table 8. This is in full agreement with
other authors that report similar data [2, 8]; the residual acetone can affect the curing kinetics, and
consequently, the structure of the epoxy resin. This
can be another reason for a slight shift of maximum
decomposition temperature to lower temperatures
for samples made with acetone addition.
Relative stability of the cured resins was also
assessed by detecting the initial decomposition
temperature (IDT), ﬁnal decomposition temperature (FDT), temperature of maximum rate of
weight loss (TMAX) and integral procedural decomposition temperature (IPDT) [14].
IPDT was calculated by the following relation
[14]:
IPDT=A(FDT-IDT)+IDT..................... (2)
Volume 10 / Number 3 / 2015
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Table 8. Thermal properties of composite samples
Sample
A0/B2/C1
A1/B2/C1
A2/B2/C1
A0/B2/C2
A1/B2/C2
A2/B2/C2

TMAX / oC
412.6
407.2
409.6
409.3
401.7
404.1

IDT / oC
190
163
175
170
137
166

FDT / oC
458
455
456
453
450
455

IPDT / oC
402.6
386.1
418.4
401.6
388.0
414.1

................ (3)
In general, IPDT provides a valuable comparison of diverse polymeric or composite materials,
when TG runs of all samples were obtained under
identical conditions. In case of A1/B2/C1 and A1/
B2/C2 samples (Table 8) values for IDT, TMAX and
FDT are lower in comparison to other samples that
means addition of 10 % acetone to the resin lead to
decrease of composite thermal stability. However,
addition of 40 % acetone to the resin system increases the thermal stability of composite samples
compared to the samples prepared without solvent.

SEM MAG: 670 x
SEM MAG: 282 x
b) Sample A1/B2/C1

3.6 SEM analysis
Figure 5 presents SEM images of composite
sample prepared with B2/C2 parameters and different percentage of acetone into resin system.
In all samples was observed good merger between the fibers and matrix due to the high winding tension.

SEM MAG: 643 x
SEM MAG: 205 x
c) Sample A2/B2/C1
Figure 5. SEM images of composite samples with
different amount of acetone.
However, SEM images confirm that higher
amount of solvent added into the resin system lead to
an increase of void presence in the final composite.
4. Conclusion

SEM MAG: 714 x
SEM MAG: 220 x
a) Sample A0/B2/C1

Volume 10 / Number 3 / 2015

From experimental work conducted in this research following conclusions can be made:
The obtained results confirmed that the lower
wR in final composite parts produced by filament
winding technology is possible by adding a solvent like, acetone, during the manufacturing process. If pure resin system is used for production
of composite products, then more attention to
the winding speed should be paid. In contrary, if
acetone is added up to 40 % to the resin system,
311
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winding speed have more pronounced influence in
the reduction of final wR than winding tension as a
process parameter.
By use of appropriate factorial design of experiments, it was found the dependence of process
parameters and composite parts with lower resin
mass fraction. According to received equation
most pronounced effect of final resin mass fraction in composite samples has been shown by acetone concentration and winding speed followed by
parameter interactions.
Results from mechanical tests have confirmed
decrease of hoop tensile strength of composite samples with increase of acetone content for samples
manufactured with winding parameter C2. In comparison, samples manufactured with 40% acetone
and C1 winding parameter have performed better
mechanical performance, due to longer evaporation
time of the solvent in filament winding process and
lover weight percent of resin in final product.
Thermal analysis has shown that addition of 40
% acetone into the resin system increase IPDT of
composite structures manufactured with filament
winding technology.
In summary, the influence of each studied parameter in this work, viz. acetone concentration,
winding tension and winding speed on the final
resin mass fraction in the composite samples was
determined. Optimal set of control parameters for
production of composite products with lower resin
mass fraction manufactured by filament winding
are received by sample A2/B2/C2 produced with
40 % acetone added into the resin system, maximal winding tension and maximal winding speed.
Even though thermal stability of composite
sample is increased when 40% acetone is used, it
induce rise in void percent in composite structure
and fall in mechanical characteristics. Therefore
when composite structure with smaller amount of
resin should be produced, very big attention to final mechanical properties should be paid.
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Experimental investigation on different faults
diagnosis by combining two stator current
approaches
Samir Kerfali, Slimane Bouras, Abdelkarim Bouras
Laboratory of Electromechanical Engineering, Badji Mokhtar University, Annaba, Algeria.

Abstract
Nowadays, the induction motor remains the
most common in the industry. However, maintaining the continuity of its unimpaired operation
in production lines where it plays a strategic role
requires special surveillance attention, since its
failure may cause great losses. This experimental
work contributes to the detection of two types of
faults; the first is electrical (bar breakage and ring
portion), and the second is mechanical (unbalance)
using two complementary approaches of stator
current treatment. As both defects arise generally
in low frequency, the FFT frequency analysis was
supplemented by an approach of 3D recognition
pattern in order to identify the nature of failures
that Induction motor undergoes.
Key words: Induction motors, failures, 3D,
Spectral analysis
1. Introduction
The induction motor plays a strategic role in
many manufacturing processes. And any paralysis
may cause unexpected and costly shutdowns. With
the number of possible faults and the consequences
of their appearance, failures diagnosis and prediction has been the subject of several studies [1-2-3].
Among the electrical and mechanical defects which
are highly sensitive to excessive number of starts
and bad operating conditions; the ring portion crack,
bar breakage and imbalance are quite common [45-6], among many others, were interested the rotor
cage electrical faults in their research works. However, [7-8-9] conducted their study on mechanical
failures (unbalance, misalignment, bearing) frequently affecting the induction motor.
This paper presents experimental detection of
multiple faults namely the ring portion cracking,
the breakage of three bars, and the presence of
Volume 10 / Number 3 / 2015

a mechanical imbalance in the rotor through the
current stator analysis, [10-11]. The frequency
analysis of the current (FFT), shows usually that
defects occur at a low frequency. This paper aims
to a complementary approach to frequency analysis to help revealing the nature of the defects,
whether electrical or mechanical through pattern
recognition. This new approach developed by [12]
is based on the 3D exploitation of the square intensities of the three-phase power supply system
of the induction motor.
Based on the defect’s frequency extracted by
the FFT and the interpretation of signatures via the
patterns obtained for each failure; (ellipse axes,
forms of the orbits’, geometry and sections of the
peripheral contour).
Both approaches together can reveal the nature
of the defect, its location (stator or rotor) and the
degree of its severity. These approaches of diagnosis and early defects detection have been validated
experimentally through the intentional creation of
such defects and the results were significant. Their
implementation is simple and their visual signatures are easily interpretable. Consequently, they
allow making a thorough diagnosis and are within
reach of a mass of maintenance mechanics, even
those who are experience less in the field.
2. Diagnosis foundations
2.1 Phasic current Signatures of the ring portion cracks and the rotor bars defects
The spectral analysis is certainly the most common method for the diagnosis of electrical faults
in the rotor cage. The signatures are reflected by
the appearance of frequencies related to the rotational speed. In the presence of some broken rotor
bars, bar to short circuit ring junction or the break313
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age of a ring portion, some frequency components
appear in the frequency of the stator current. [13]
=
fb

(1 ±

2ks ) f1 ........................ (1)

Where
fb : The frequency Signatures of the ring portion
cracks and the rotor bars defects
f1: refers to the supply frequency, S to the rotor
sliding and k is an integer
II.2 Imbalance fault signatures
The current’s high sensitivity to the torque variations captured by the asynchronous motor, and
consequently to mechanical defects (eccentricity,
imbalance…) that are inducing them, makes the
spectral analysis of the current (MCSA) a very important investigation tool, Intesar [14-15].
Mass imbalance defects are detected by the
monitoring of appropriate frequencies of the stator current’s phase.
=
f unb

[ k f1 ±

IA, IB, and IC: are the three stator currents;
Im : is the maximum value of the supply phase
current;
ω : is the supply frequency;

ϕ : is the phase angle;

t: is the time variable.

In the proposed approach, the currents are identified as typical models for each faulty mode. This
is accomplished by analysing it in a three-dimensional space (3D).
For a healthy motor under ideal operating conditions, the corresponding model of the current is
a perfect circumference centred at the origin of coordinates (Figure 1), as indicated in Figure 1 and
where R indicates its radius.
R ² = I A2 + I B2 + I C2 . ........................ (4)

m f r ] ..................... (2)

Where:
funb: The frequency Signature of the rotor unbalance fault
f1 : The frequency of the power supply network
of the induction motor.
fr: The rotation frequency of the rotor shaft.
The imbalance leads to the emergence of lines
at frequencies defined by (2) for m = k = 1 and
with less importance amplitude of current frequencies for m =1 and k = 2.
2.2 Three-dimensional Representation Method
of the Stator Current Square (3D)
This detection is based on the analysis of the
resulting squares of three phase currents intensities (IA, IB, IC). In this methodology, the problem
is converted into a pattern recognition analysis. In
ideal conditions for the induction motor, and a balanced voltage power supply, the stator currents are
given by ¨equation (3)¨ [16].

Figure 1. Modal of a healthy asynchronous motor
Figure 2 shows the flowchart explaining the diagnosis and fault detection of rotor bar breakage
and mass imbalance and their correct representation in 3D patterns.



=
IA
I m sin(ω t − ϕ )

2π

=
−ϕ)
I m sin(ω t −
IB
3

4π

=
−ϕ)
I m sin(ω t −
 IC
3
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time by the intentionally a portion of the ring short
circuit and rotor bar breakage 3 cracking.

Figure 3. Test bench

Figure 2. Flowchart of the motor failure diagnosis
3. The conduct of the experiment and the
test campaign
A test bench (Figure.3) was essential for the
diagnosis of a Squirrel cage induction motor (Table 1). The material which constitutes the rotor
bars and the short circuiting rings is an aluminum
based alloy cast.This motor can be used for industrial ventilation, pump, cooling machines and industrial processes
The experimental work consists of the capture
and acquisition of the three phase’s intensity of the
asynchronous motor stator current, since it starts
until its stability for healthy and degraded operating modes. The first failure experienced by the
engine is the deliberate creation of an unbalance
by attaching a mass of 90 grams on a disc fixed
to the shaft end. The second failure resulted same
Volume 10 / Number 3 / 2015

The acquisition of signals for the diagnosis by
a current sensor of (0.01-10A) size, linked to an
oscilloscope HAMEG507 connected to a current
sensor. This device allows the signal acquisition
on 8 bits with a sampling frequency between 1
kHz and 2.5 MHz.
Visualization of the signal on the PC screen is
done via software called SP107 E. The stator current is acquired through the acquisition card integrated into the oscilloscope. The data processing
is carried out using MATLAB software for signal
analysis.
Table 1. Induction motor characteristics used in
the experiment
Description
Rated Power
Supply Frequency
The motor is connected
Input voltage
Full load current
Number of pole pairs
Number of the rotor bars
Rated speed

Induction motor
270 w
50Hz
Y
220/380V
1,43 / 0,8A
2
18
1400 rmp
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4. Experimental results and analyses
4.1 Spectral Analysis

Figure 7. The spectrum of the motor with three
broken bars and the crack of the ring
Figure 4. Stator Current of the healthy motor

Consequently, the difference is obvious between the spectra when the rotor is healthy (Figure 5), where spectrum stripes are not noticeable
at low frequency and in the degraded mode (Figure 7), where a comb of lateral stripes appears on
the current spectrum. The emergence of predominant lines of 47.93 Hz and 53.81Hz frequency is
noticed on the range (0-100Hz). According to the
theory, these are markers of the rotor cage failure.

Figure 5. The spectrum of the healthy motor
Figures 4 and 5 shows, respectively, the temporal characteristic of the stator current and its spectrum in the case of non-degraded functioning of
the motor.

Figure 8. The spectrum of the machine with fault
unbalances (90g)

Figure 6. The stator current of the motor with
three broken bars and the crack of the ring
When the rotor has three broken bars and a
cracking of the ring portion, a noteworthy change
occurs on the temporal variation of the phasic current (Figure 6).
316

Figure 8 illustrates the spectrum of the stator
current when the motor is affected by the mechanical defect represented by an imbalance of 90 grams
on its rotor shaft. As agreed in theory, the mass imbalance appeared in the rotation frequency of the
motor shaft is 1fr. This means that the marker frequency of this imbalance namely at 26.37 Hz and
75.2Hz are also concerned by the low frequency
and more precisely in the range (0-100Hz).
Thus, these two faults, although they are of different natures, they appear on the same frequency
interval.
Volume 10 / Number 3 / 2015
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For that, it’s a good idea to develop an approach
that can demonstrate its identification to determine
their nature and consequently their primary cause.

4.2.2. The breakage of a short-circuit ring
portion and 3 rotor bars fault

4.2. Fault Signatures by the 3D patterns
recognition

Figure 11. 3D patterns of the operating mode
of the induction motor in the presence of: The
breakage of a short-circuit ring portion and 3rotor bars.
Figure 9. 3D Pattern representing the motor’s
healthy functioning
Figure 9 presents the pattern obtained for the
healthy condition of the motor. It should be noted
that the orbit obtained is not perfectly circular;
this is justified by the imperfections of the motor’s
manufacture.
4.2.1. Mechanical unbalance failure

Figure 10. 3D patterns of the operating mode of
the induction motor in the presence of: An unbalance failure
Figure 10 shows the result obtained when the
motor is functioning with the presence of a mechanical failure of unbalance, where the synonymous orbit is neither circular nor elliptical; the
form of its contour is hypocycloidal.

Volume 10 / Number 3 / 2015

However, Figure 11 shows the pattern when
the motor operates in the presence of the aforementioned electrical anomalies at the rotor; the
obtained orbit is ellipsoidal and the section of its
contour has changed so much. It should be noted
that the increase in section is an indicator parameter of the fault seriousness.
5. Conclusions
The aim of this experiment was primarily to
provide a simple and efficient contribution to extract accurately the information on electrical and
mechanical faults in the squirrel cage rotor induction motors, by heading towards the stator current
spectrum, and through suggesting an additional approach of patterned signatures of the defects.
This method is obtained by a 3-D spatial representation of the stator currents intensities. The use
of these two approaches contributes significantly
to the detection and discrimination of the electrical
from mechanical faults.
These two techniques or their combination are
simply implemented, and their results visual interpretation is very easy. It can be of great contribution in increasing the reliability of the diagnosis
and the induction motor’s monitoring.
They may also be extended to other electrical
and mechanical failures that electrical drives based
on induction motor may undergo.
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Abstract
The convergence of developing real-time interactive program services, the cumulative coverage
of wireless networks and the ever-growing admiration of mobile devices, are important in an era of
user-centric multimedia wireless services. In this
state, heterogeneous infrastructures will co-exist
and make certain that the end-user is continuously
best associated. The arduous networking loads of
wireless multimedia classifications, farther than
quality-oriented regulator approaches, are essential
to guarantee the best user knowledge terminated
time. This paper benevolences some of the current
developments in multimedia networking directing
principally in areas that have been receiving consideration recently and are predictable to continue to
make supplementary interests in the coming years.
These areas consist of Quality of Experience (QoE)
and a number of related calibration issues, Content
Distribution Networks (CDNs), multimedia infrastructures. Simulation consequences illustration the
impact and benefit of the proposed result in multi
access and multi-operator wireless circumstances
by using independent and individual QoE metrics.
Key words: Content distribution, Networking,
Quality of service, Quality of experience, Wireless
networks.

wireless era [1]. The multi operator wireless background will agree mobile users to be ‘‘Always
Best Connected’’ (ABC) to the superlative wireless access network, where continuous mobility
will be mutual with respect for each individual
user partialities. Whole mobility qualifies mobile
operators to be always associated with the optimal network so that the user experience can be
optimized and preserved even during deliveries.
In this development, the formation of novel crosslayer structural design is essential to allow vertical/horizontal continuous QoE-aware transfers in
heterogeneous wireless networks [2].

Introduction
The advancement of heterogeneous networking access knowledge, real-time multimedia presentations and protocols has produced an excess
of new wireless connectivity circumstances, highlighting an ever-increasing number of devices and
multimedia networking with individuals. This heterogeneous multimedia are varying the lifestyle of
manipulators and generating a centric multimedia
Volume 10 / Number 3 / 2015

Figure 1. Functional architecture and procedure
for the interface selection [3]
Quality of Service (QoS) sustenance is decisive
for effective multimedia classifications. Prevailing
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wired, wireless and cellular QoS models (Universal
Mobile Telecommunication System (UMTS)) proposal diverse progressing activities, control developments, and measurement arrangements for multimedia packets. QoS metrics, such as packet loss
rate, packet delay rate and data, are classically used
to designate the impression of the audio-video superiority level from the network’s point of view, but do
not imitate the user’s skill [4]. Therefore, untainted
network-based QoS methods fail in independent
characteristics associated with observations.
In order to support the measurement and control
of multimedia quality, novel user aware multimedia
required more precise approach to increase customer satisfaction at the same time with better use of
network resources is aware. Quality of experience
(QoE) [5] has been the introduction of programs to
overcome the restrictions imposed on the quality of
service solutions, recognizes the current with respect
to multimedia coding ignorance of human cognition, and aspects of the self. QoE evaluation mechanisms and techniques show how to meet the requirements of specific scenes networking environment
[6], while the control schemes QoE optimization of
network resources and improve the user’s perception [7] at one time. The recent advances made in the
field of multimedia and areas of communication are
the key factors enabling the deployment of QoS services QoS based on user / sensitive QoE new as well
as providing new models to create new protocols,
user perception metrics and approach guidance, and
control of movement and content delivery networks
(CDNs). This article presents some of the recent
developments in the field of multi-media networks,
with a focus on the quality of multimedia services,
QoE and issues related to standardization / user look
and Canadian issues, and systems, mobility, and
standardization. Moreover, this article also identifies
some of the major challenges that still need to be addressed for multimedia networking in the future to
become truly ubiquitous.
Literature survey
Challenges and requirements necessary for the
establishment of IEEE 802.21 and the independence of the media layer and service to improve
the use of resources in heterogeneous wireless
networks are discussed in [8]. The proposal uses
320

a modular approach to coordinate the components
of the Movement and the video quality is destined
to provide seamless mobility. Our proposal is the
same as the units used (ie quality estimator mapping and collection of the amendment) and the
approach of self-regulation components, but also
adds an analysis of the benefits of the MIH QoE
flag system on the perception the user to navigate
vertical SERVER smooth proposes IEEE 802.21
networks MIH delivery in [9]. However, the proposed solution does not take into account the existence of networks with different categories, which
is expected in wireless systems. Architecture and
quality of service to provide a level of quality for
applications in heterogeneous environments is
discussed in [10], while in [11] provides a systematic approach to performance assessment focused
solely on the quality of service standards across
heterogeneous wireless networks. This proposal
is implemented in [12] based on the table, which
is based on the information about the delay, and
the loss of existing resources and the network approach, and adjusts the schedule to improve the
video quality of delivery.
However, this work does not provide a smooth
delivery or follow-up action, according to the experience of the user / (used only in the quality of
service standards, as is the case in [13]) QoE. The
results showed that the wireless device can be the
delivery process begins with breaking the link was
old, and thus there is a decrease in the latency and
packet loss. The solution also uses the last name of
make-up before breaking plan to support seamless
mobility, but using the Session Initiation Protocol
(SIP) based mobility management [14]. Our proposal follows the same approach in the make-up
before the end of the first half to provide a smooth
delivery, but we also offer maps QoE video quality estimator and support adaptation, as it is required for heterogeneous networks. Progress in
the field of wireless service quality / portable devices allowed QoE models for the distribution of
fixed and mobile user multimedia content of high
quality. New strategies have been discussed in the
guidance and control of resources, acceptance and
reservations, and re-registration, and licensing,
among other things in literature and implemented
by service providers, and the creation of multimedia wireless systems everywhere.
Volume 10 / Number 3 / 2015
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In addition to existing efforts on the network,
portable and wireless devices also attracted a lot
of attention. These days, it is possible to see a
fairly complex multi-function terminals capable
of dealing with different types of media. Mobile
phone users are using these devices for different
purposes, including personal information stored
(such as the book’s title), to carry out various
forms of interactions (for example, audio, and email, videophone), and entertainment (eg, games,
and build on demand video), and access to information (through web browsers) [15].
Materials and methods
The proposed application requirements QoE
appointment mechanism maps and user’s perception of the available wireless service categories
(IEEE 802.11e and IEEE 801.16 QoS models).
Is the mapping process by relying on information
about the categories of services available within
or between, networks (in multiple paths when
possible), and the quality of the application / QoE
service requirements, and the result is destined
video quality policies and mapping [16]. The last
of these, which was decided, why and when to use
mapping techniques to fulfill the request.
After the issuance of the appointment decision,
the quality of service is run to set the beams in the
specified service class scheduling [17]. Mapping

policies are two ways to determine the key mapping to choose the best class for emerging multimedia application (of flows / components), and
called the macro and micro matching. Achieved a
complete mapping and matching when the result
became standard in the application of quality is
better than the minimum level category. If there is
more than one class as a result of the same score
in the level of quality, and policy plan is only the
service class, which has more resources available
in terms of bandwidth. If more appropriate class
wireless service is not able to complete matching
guarantee (due to congestion or the existence of
the service classes with different configurations in
terms of loss or delay and support anger), is run
adjustment system to reach a potential adjustment
of the applications that are commensurate with the
current network conditions [18]. This adjustment
can be done by amendments within the application or by requesting a re-mapping process with
the help of the rules of the partial matching set.
It maps the flow of high significance in the application of the paramount class and lower priority
flows in the sort of less reputation. (iii) Drawing
hierarchical element: This layered approach and
choose the service, according to the order of priority of the various multimedia components. Video
communication is much more sensitive to packet
loss of voice communications, because the human
eye can often detect citizen small bugs in the vid-

Figure 2. QoE/QoS quality estimator components and interactions
Volume 10 / Number 3 / 2015
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eo caused by the loss of a relatively small packet
stream, to the extent that the enjoyment and / or
understanding of the most severely affected. For
example, since his voice higher than the visual
content in the application of priority, the voice
packets are set to flow better degree of firmness
and video flows to the lower priority class.

The leading goal of QoEHand is to tolerate
QoE aware of mobility and improved provision
for multiple applications in heterogeneous media device. In this background, the application
of agents QoEHand, laterally with all of the base
stations (BSS) / access points (APs) and wireless
nodes, and using subsequent the endorsements of
the proposal MIH. QoEHand extends MIH / IEEE
802.21 via QoE aware components, mapping, and
is destined video quality and adaptability [19].
Support Vector Machine Algorithm:
SVM algorithm has been authenticated that it is
operative for binary taxonomy. In this section, we
momentarily exemplify its main idea.
Certainly a keep fit set of two pattern classes

X (i ) = [ x1(i ) , x2(i ) ,  , xN(ii) ] , i = 1, 2 with Ni n-dimensional designs in the ith class. In the paper, superscript “T” signifies substitution, and “e” is a casedependent dimensional support vector whose accesses is all ones. Represent the training set by a
N1´n matrix A (Ai, the ith row of A, resembles to
the ith pattern of Class 1) and the N2´n matrix B (Bi
has the same meaning of Ai), respectively.
xT w
=
0, x T w=
0 , ............... (1)
1 + r1
2 + r2

Where the mean weight of the plane and reduces ith particular. Geometric interpretation, each
plane must be the closest to the point of the special
class and beyond points from another class, leads
to the following optimization problem,

min

( w, r ) ¹ 0
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|| Bw + er ||2

G: = [A e]T[A e] + d I ,
H: = [B e]T[B e], z: =[wT r]T , ............... (3)
min r ( z ) :=
z ¹0

Proposed work

|| Aw + er ||2 +d || [ wr ] ||2

Where is a nonnegative regularization factor,
and ||. || means the 2-norm. Let

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

z T Gz
, ........................ (4)
z T Hz

G z = l H z (z ¹ 0). . ...................... (5)
When any of the G and H is a specific matrix positive, global minimum is achieved in a self-vector
of generalized problem intrinsic value corresponding to the smallest intrinsic value. Therefore, in
many cases in the real world, you must (settlement
to set a positive constant factor, especially in some
of the small sample size (SSS) problems. And can
get on the plane with 2 similar processes.
Under optimal foresaid criterion, SVM tries to
estimate the aircraft in the space of a given input
data, that is, we are all created or aircraft approaching from the data points from the corresponding
class. In essence, the points fit in the same category using a linear function. However, in the point
of view of the decline, it is not quite reasonable
to take the outer (point away from most of the
samples) natural sample data in the appropriate
methodology when there are outliers. Moreover,
the extreme values usually being wrong data, information, even in a timely mislead. Obviously,
the plane generated by SVM significantly biased
due to the presence of two outliers. So, in this paper, we try to define a new standard strong to seek
the aircraft, which is to a large extent not only the
original data distribution, but also can be resistant
to extreme values.
Experimental results
QoEHand was assessed using MATLAB distribution. The aim was to analyze the benefits of
QoEHand and their impact on the IEEE 802.11e
and IEEE standard 802.16e networks compared
with the system without QoEHand (without video
forecasting, mapping, adaptation, and only with
the functions of MIH), through objective and
subjective scales measuring QoE [20]. QoEHand
Volume 10 / Number 3 / 2015
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quality estimator with the help of MATLAB. It
includes the head of Real-time load (RTP) in the
field that indicates the current frame type protocol
(which I, P, or B).

ing periods of congestion when using QoEHand_
Full QoEHand_Part and personal. In QoEHand_
Part, videos and still have a good to excellent level
of quality even when re-assigned to the category
of less importance (nrPS or AC_V1) at the rate of
loss of nearly 2%.

Figure 3. Basic assumptions for the performance
analysis
In this circumstance, it might lead QoEHand
MIH to deliver a wireless patron to the network
and the old maps all currents to the earlier class
service [21]. Since the success of our smooth proposal depends on the adoption of the break before
make-up approach, and freeing resources that are
allocated and not used in the classroom or previous service candidate, through the operations of
the soft state, for example, after the delivery. There
is a range of network configurations to adapt, and
can be obtained through the adjustment to control
the quality level of new applications or existing
mechanism.

Figure 5. Total score of each Heterogeneous
interface
QoEHand_Drop efforts to keep the application
on an outstanding level of feature up to 10% of
the blocking and the good / normal quality of up
to 30% of the level of blocking. Conversely, use
Pure_MIH, was measured a poor level of video
quality by all viewers, if there are no less than
10% of the blocking in the wireless device classification [22]. When the first frame is dropped, and
the error spread through the rest of the Republican
Party bad / poor, and because the quality of the
MPEG decoder frame I used as a reference.
Conclusion

Figure 4. Total score of each interface whenever
the MN has insufficient battery power level and
changing the user mobility environment.
The results showed that MOS QoEHand confirms the excellent level of quality for videos durVolume 10 / Number 3 / 2015

Multimedia future heterogeneous wireless device Multiple Access/operator provides Internet
connectivity to thousands of devices in a manner
everywhere, where users will be able to access,
share and send video streams at any time and in
any place. Thus, there is a need for new solutions
to ensure to always be on the end-users connect to
networks that are able to deliver the best QoE to
their requests. Great choice of interfaces are good
opportunities to gain access to multiple access
networks with favorable price and the best quality of service / QoE level as required. The main
problems with the multiplayer mode works MN is
very high in battery consumption and difficulties
in choosing the best interface. In this paper, we
323
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proposed the selection and priority-based interface standards. Based on the types of applications
and user mobility, and focus more of the parameters for the selection of priority interface SVM
algorithms.
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Abstract
A great number of medieval fortifications in
Bosnia-Herzegovina is in a state of deterioration,
lacking ceiling and roof structures (usually made
of wood). Their components usually make part of
other structures in open areas covered with weed
and stand as useless rubble or are neglected due to
there being legal restrictions on owners of the land
to participate in their reconstruction. Numerous fortifications have disappeared, while some still hold
remnants of the times past in their stone and mortar (Figure 1). The detritus blocks the access to the
structures whose importance is thus also neglected.
One of the first tension resistant materials used
in construction was wood. Wood is an extremely
anisotropic material. The tensile strength of wood
fibers is suitable for dimensioning.
From an economic point of view, it is disputable whether the ruined wooden structures should
be reinforced. Since wood is rather light and easy
to manipulate with and incorporate, it seems that
the most convenient procedure would be the replacement of the structures as they are relatively
easy to unload.
The most common in building construction is
the need for repair or strengthening of the existing
roof structure elements. The means, materials and
methods for strengthening such structures may be
quite different – ranging from rolled profiles and
steel fixing strips, reinforced concrete blocks, to

Figure 1. Old Fortress Srebrenik - current state
and original facilities
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specially designed elements of reinforced steel,
the so-called ‘’bars’’ made of lattice steel and suitable for mass production. [1]
Key words: heritage, medieval cities, fortresses, repair and replacements, strengthening, composed structures, laminate beams
1. Introduction
Throughout history, fortifications proved to be
more than just military facilities. Their role was
that of political centres from which the owners
controlled and ruled their large estates. Each fortification should be acknowledged and treated as a
unique structure holding a centuries-long history.
The advantages of using wood are: primarily, the
light weight (600-1000 kg/m3), good balance between strength and weight, the possibility to cut it to
the desired length on the construction spot, it is easily incorporated with other elements (e.g. laminate
beams), its price is affordable and it looks attractive.
The disadvantages of using this material are numerous, ranging from low elastic modulus (800015000 MPa), the possibility of great deformations,
creep, the difficulty in forming sound nodes (only
semi-hard or hinged), to various tensile strengths
depending on the fibres (except for plywood and veneer), swelling due to humidity, small spans (except
for laminate beams) and low resistance to fire. [1]
2. Principles for the preservation of historic
timber structures (1999) - adopted by
ICOMOS at the 12th General Assembly
in Mexico, October 1999.
With the aim of preserving the above-mentioned
structures, the following principles are accepted:
– Timber structures from all historical periods
are valued as pieces of world heritage;
– It is necessary to recognize the great variety
of timber structures from different historical
periods;
Volume 10 / Number 3 / 2015
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– It is necessary to recognize the various
kinds and qualities of timber used in the
construction process;
– It is necessary to wholly or partially recognize
the vulnerability of timber structures due to
the deterioration of materials in different
environments or climates caused by
oscillations in humidity, light, the presence
of fungus or insects, wear and tear, fire and
other disasters;
– What is also being emphasized is the growing
disappearance of timber structures due to their
vulnerability, misuse, and especially due to
the lack of skills and knowledge on traditional
design and construction technology;

protect timber using appropriate substances. In the
past, timber was carefully chosen; there were few
imperfections as there was enough time for it to
get ready for use.
Depending on the degree of the structural damage, it is possible to offer the following classification:
1. minor damages that do not significantly
affect the stability and utilization of the
structure nor hinder its exploitation;
2. major damages that significantly reduce the
functionality and durability of the structure
where the stability is not permanently
endangered;
3. critical damages that prevent the structure
from being utilized.

It is understood that we have been introduced to
the crucial Charters on heritage protection which
are in accordance with UNESCO and ICOMOS
doctrines and principles, which we will insist on
applying while working on conservation and restoration of historic timber structures.

The factors that cause deterioration may generally be divided into two major groups – the human factor and natural factors. The human factor
pertains to neglecting the fortifications structures,
removing parts of the walls, poaching, fire, vandalism, war, parts missing from the original design. Natural factors: rain and water, movements
in the lower parts of the structure, pressure caused
by heat or frost, damages caused by vegetation or
rodents, erosion due to wind. [2]

2.1. Structural damages
There are structural damages in a great number
of the existing timber floor and roof structures. Attacks of wood-decay fungus and insects occur due
to humidity. The damages may be surface or penetrating so deep that the structure loses its bearing
capacity. Timber structures are often badly constructed in terms of the distribution of the load,
which endangers the stability of the structure.
In case of serious damages, the most convenient
solution is to replace the whole structure. In case of
minor damages or damages in heritage structures,
only parts of the structure are replaced. [1]
The protection is ensured by means of biocidal
substances applied to both new and old elements
of the structure. The replacement of the damaged
parts is in most cases a complicated procedure as
the most seriously damaged parts are the most difficult to access; it is, therefore necessary to expertly and correctly buttress the remaining parts of the
structure following a detailed design implemented
by a quality constructor. One can never be cautious enough when doing so. Today, fast-growing
trees are used in construction, the wood-cutting
season is shorter, which is why it is necessary to
Volume 10 / Number 3 / 2015

2.2. Roof structure
The roof of a structure, i.e. its roof structure
with the rooftop and the gutters comprises elements whose main function is to cover the building and protect the other constructive systems
from atmospheric influences such as rain, snow,
wind, heat etc.
As topmost structure, roof structure may be flat or
sloped. Apart from the usual requirements that have
to be met for each type, special attention in sloped
roofs has to be paid to the fixation to the structure.
2.3. Timber elements in masonry structures
Compared to masonry structures, a rather small
number of timber structures has been preserved
until today and for this reason timber structures are
a true scarcity. This is primarily due to their vulnerability to the influences occurring as a result of
changes in the micro-climate. As a matter of fact,
the relative humidity and condensation occurring
327
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due to lack of ventilation as well as the presence
of harmful substances in the atmosphere allow for
the occurrence of mould that causes decay. This
deterioration partially affects wooden piles due to
occasional changes in water levels, as well as of
wooden beams directly leaning onto the walls.
Termites and worms may also cause the wood to
decay. If the beam had not been properly cut into,
before it was placed at an appropriate point in the
structure, the wood, which is a highly anisotropic
material, may be subject to crevices forming along
the fibres, which, if wide, may partially or wholly reduce the bearing capacity of the whole structure. [3]
3. Elements of timber floor structures
Timber roof structures are treated as a unit containing floor and ceiling structures. The main elements of timber roofing are timber bearing beams.
Additional elements are smaller beams, boards
and fillings of various structure and purpose depending on particular floor and ceiling structures.
Roof beams are bearing beams made of quality
timber (fir, pine, and rarely oak tree). The beams
have a full rectangular cross-section, and they also
used to be made in the form of narrow beams, billets, or boards.
The dimensions of the roof beams are calculated on the basis of the distance between the
bearings, the bearing distance of the beams (e), the
overall load (q), as well as on the type of timber.
Economical cross-sectional dimensions, i.e. width
(a) and height (b) of beams for timber floor building structures are given in Table 1.
Until the end of the 19th century, the measurements, i.e. dimensions of roof beams were calcu-

lated based on empirical carpenters’ rules made
without statistical calculations and depending on
the depth of the wing, i.e. the beam span of approximately 90 cm.
Additional roof structure timber elements are
fillings, structures made of rammed earth as well
as sections of insulation. For fillings and other
similar structures, they used rammed earth with
straw or chaff, sand, ash, clay with sand, rubble,
crushed stones etc. that were placed between roof
beams over a solid surface composed of boards.
3.1. Framing and installing roof beams
Framing of roof beams depends on the span of
bearing walls, the position of bearing walls and
withes, i.e. the disposition of the basis and the
clearance of the structure, chimneys and ventilation channels, household installations, as well as
on the position of the staircase in the building. As
a rule, roof beams are placed vertically onto the
bearing walls with the span of 60-90 cm. Depending on the angle of intersection, the beams’ surface
may be placed vertically on the wall.
Roof beams were always anchored to outer
bearing walls by means of metal hinges in order
to gain a stronger and more compact connection
with the bearing walls and in order for the floor
structure to have a better brittleness in the horizontal plane. When the roof beams are placed parallel
with the outer wall, it is always necessary to leave
an empty space of 3-5 cm between the beam and
the wall to allow for better circulation of airflow
and timber reactions to changes in temperature.
Additional roof structure timber elements are
fillings, structures made of rammed earth as well

Table 1. Economical cross-sectional dimensions, i.e. width (a) and height (b) of beams for timber floor
building structures [3]
Load q/kg/m²

350
400
450
328

3,80
e
axb
72
8x20
78
10x20
70
10x20

Bearing span m¹
4,20
4,60
e
e
axb
axb
66
66
10x20
10x20
77
70
10x22
16x20
68
82
10x22
12x24

5,85
e
axb
72
12x24
77
12x26
69
12x26
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as sections of insulation. For fillings and other
similar structures, they used rammed earth with
straw or chaff, sand, ash, clay with sand, rubble,
crushed stones etc. that are placed between roof
beams over a solid surface composed of boards.

Timber roofing with exposed beams were usually found in better equipped buildings or some rooms
for decorative purposes. The ceiling decorations
would be painted or done in carved beading. [3]
3.3. Roof structures made of roundwood
beams
Floor structures above the last floor of the
building (the attic) were made of processed bearing rectangular or roundwood beams usually attached with wood dowels. The height of these
structures usually varies within a single structure.
These structures made of roundwood beams are
usually found at the topmost floor and the attic.
4. Rehabilitation by means of strengthening
timber structures

Figure 2. Wooden elements connection - detail
Floor structures in timber roof structures are
made of deck boards or parquet, and a rough subfloor. In better equipped buildings, the floors were
made of beech or oak boards fitted in various and
creative ways.
3.2. Types of timber floor structures
Classification of timber floor structures is done
on the basis of the number and position of the elements, materials and the technological procedure
of framing.
Timber floor structures constructed in the given period may be presented as the following three
types:
– Type I: Timber roofing with floor and ceiling
structures with fillings between and above
beams;
– Type II: Double timber roofing with floor
and ceiling structures with fillings above
beams and between roof beams;
– Type III: Timber roofing with exposed beams.
Volume 10 / Number 3 / 2015

In cases when it has been confirmed that the
rehabilitation (repair) process will not result in
safe utilization of the structure, it is necessary to
install certain reinforcements. The reinforcements
are also made in cases of increased load or in cases
of building extensions. The degree of strengthening the structure is not possible to achieve without
affecting the original structure.
Rehabilitation by strengthening is a variant of
repair and reconstruction as it contains elements
of both. In this procedure, it is necessary to reinforce the seriously damaged construction elements
without replacing in order to restore them to their
original purpose. The decision on how to solve the
rehabilitation and reconstruction problems primarily depends on the: seismic zone of the location of
the building, the type and level of damage, the time
necessary for the intervention, the available equipment, the cost and the degree of required safety.
Such a procedure may be quite complex, especially when it comes to its implementation – due
to problems with accessibility or unloading the
structure, which is again another process requiring
(unless the element in question is of minor importance for the whole system or unless there is routine maintenance to be done) additional analysis,
and even calculations and additional drawings.
When designing such projects, often the whole
static scheme and the construction concept of the
damaged element is changed, which again leads
329
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us to conclude that this process includes both elements of rehabilitation (in the traditional sense)
and reconstruction. [1]
Based on findings pertaining to the causes of
the damages, the constructor has to - apart from
performing a detailed inspection on the spot and
gaining an insight into the construction of the
whole structure and considering all kinds of materials used, the character of the terrain etc. – analyse the static-constructive position of the construction. This particularly applies to the changes
and degradation in its brittleness.
To these factors, one should also add the possible losses in realized or non-realized (but in any
case desired and, in some cases, required) ductility. Generally speaking, it may be regarded that
qualitative changes in mechanical properties of
the built-in elements and thus the whole system
did occur. In such circumstances, one may be quite
certain that cross-sections of such elements are in
the state of limited bearing or utilization capacity,
or are in a similar condition.
In case timber has longitudinal cracks, one may
use epoxy resin. Other solutions may be found in
placing rods that will connect the separated parts,
or in using steel bolts and connectors. It is possible
to stretch post-tensioned cable among connectors
and along the specifically-shaped lines. In these
structures, the surface of the walls directly below
the bearing is potentially weak and as such should
be examined and consolidated.
4.1. Temporary stabilization
Temporary stabilization is primarily used in seriously damaged walls of brick or stone with vertical
deflection. Their stabilization, if the decision to rehabilitate has been enacted, is of crucial importance
especially in relation to safety of the works to be
undertaken, but, also, as their stabilization may be
regarded as the first phase of final rehabilitation.
In case the stability of the bearing elements of
a constructive system of seriously damaged structures, together with residual deformations, is significantly reduced and if there is a potential of the
structure collapsing, they cannot be used even for
temporary stabilization and have to be subjected
to partial or complete teardown. The temporary
measures should, therefore, prevent further dete330

rioration of the structure and allow new works to
be undertaken in the future.
If the vertical deflection of the top of the wall
is greater than 1/3 of the wall thickness (d), i.e.
if δ>1/3d, and if there are solid linkages with the
roofing, such a wall is temporarily stabilized by
means of gradual reinforcement. If the deflection
is not greater than 1/3 of the wall thickness (δ≤
1/3d), the wall is preserved by means of safe linkages with the roofing or non-deformed walls. Otherwise, the wall has to be reinforced by means of
gradual reinforcement. Stabilization is not necessary when the deflection is by 1/6 lesser than the
wall thickness (d). In surface damages of timber,
it is possible to administer consolidation by means
of injecting epoxy resin prior to which the damaged part of timber has to be removed. [1]
If the complete roof structure meets the required bearing capacity, some parts are still made
weaker due to partitions or damaged beams.
This layer reduces the roof deflection and acts
as a perfect flat surface for installing floor layers
as well as hydro-insulation layers in humid rooms.
If an insulation layer is installed under this load
transfer surface, it acts as floating screed which
prevents further transmittance of vibrations.
A composite structure is formed if these load
transfer boards are joined to wood beams so that
the layers are preserved where the cement board
bears the pressure and the wood beams the thrust
force. The bearing capacity of the roof is thus enhanced, and the deflection reduced.
Applying composite concrete board is possible
in roofs with roundwood beams. However each
beam has to be attached to an AB board by means
of connectors the distance between should be not
longer than 50-60 cm. Before laying concrete on
the board, it is necessary to rehabilitate the beams
by means of impregnating them with epoxy resin.
Roof composition by means of roundwood
beams may cause the so-called ‘’suffocation’’ of
beams covered by a concrete board, which is why
it is in no case advisable to cover the beams with
watertight foil. The joints between the beams may
be filled with glass fibre fleece or perforated foil
etc. to prevent water from penetrating from fresh
concrete and occurrence of mould at the lower
part of the structure.
Volume 10 / Number 3 / 2015
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4.2. Strengthening timber joists
It is very important to strengthen the joists between the walls and roof beams, i.e. the walls and
the roof. In case of a strong earthquake, the friction force between the walls and roof beams may
be enlarged, causing each wall to be damaged by
oscillations in its own or vertical plane. In timber
roofing, opposite walls are connected by means of
steel connectors or mandrels.
Due to their composition and timber as the basic material, timber floor structures are differently
treated in case of interventions. Timber is susceptible to attacks of insects and fungus, which is why
in these cases one may apply protective measures
that prevent further damage. The methods may be
physical (hot air, microwaves, surface combustion).
Reasons for rehabilitation and strengthening
roof structures may be various. It is not uncommon to administer such procedures even for undamaged timber elements of roof structures due
to reasons that would potentially cause problems
in the future use or in the bearing capacity. Local
damages as well as damages over larger surfaces
of timber roof structures may be the reasons to
commence rehabilitation or reinforcement of timber elements in roof structures.
Beam bearings in walls are the most sensitive
and vulnerable parts of a roof structure as it is
most commonly at these points that decay occurs
in the ‘’head’’ of the beam due to lack of ventilation or humidity entering the wall which the beam
leans on (the load box). In this case, the decayed
part of the wood has to be removed and the beam
strengthened from one or both sides.
In case of minor damages, the beams are strengthened by means of wood sheet piles on the sides.
This increases the beam’s load, which requires further investment in the wall, which again weakens
the cross-section of the wall. The second option is
to strengthen the head of the beam with rolled profiles. Before starting the works, the ceiling has to be
strengthened by means of a provisory beam along
the wall so that the load from the damaged beam is
transferred onto the other (undamaged) beams.
In some cases, damaged beams are not replaced
but are connected by means of connectors to additional beams to preserve the ceiling structure. This
is the reason why new beams are in part smaller
Volume 10 / Number 3 / 2015

and placed 2-3 cm above the lower boarding. This
technological procedure does not require the existing ceiling or the lower boarding to be removed.
In order to enhance the bearing capacity or in
case of damages in the frontal surface of the timber
beams on bearings due to decay, larvae or fungus,
i.e. in cases of reduced solidity etc., it is possible to
enlarge or add more filling to the cross-section using mortar made of a composition of cement mortar
and epoxy resin (with <20% of reactive artificial
materials). This polymer-chemical rehabilitation of
the head is conducted in the manner that holes are
opened in the undamaged parts of timber and FRP
reinforced steel beams are placed through.
The whole head of the beam is then made of mortar on the basis of epoxy resin (it is pressed). To better join the timber and mortar, wood or steel connectors are nailed into the wood and mortar is poured
over. In case of surface damages of the beam, it is
possible to consolidate it by means of injecting a
mixture of epoxy resin where the damaged part of
the wood beam had been previously removed.
In case timber roof structure is found in sanitary blocks, a massive board has to be placed on
the ceiling in order to allow for installation of horizontal hydro-insulation. [1]
In case the existing ceiling structure is severely
damaged or if the bearing conditions would be
significantly changed due to certain interventions,
it is recommended that whole parts or the whole
ceiling structure be removed and new massive reinforced concrete or half-mount boards installed.
4.3. Reinforcing timber structures
The most commonly reinforced are the constructive timber elements, when it is expected that they
will be exposed to bending during exploitation, i.e.
those elements whose cross-sections will be undergoing pressure and tension. Especially important is
the tensile zone, where failure usually occurs.
At the same time, by reinforcing the effective
depth, one can significantly enhance the bearing
capacity of the bearing exposed to bending. In that
way, it is possible to postpone the onset of zone
plasticisation.
In case of bending, there are two important
reasons for introducing reinforcement of the bearings: to enhance the cross-section moment of iner331
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tia (resistance) or to enhance the brittleness of the
cross-section (EI).
Taking mechanical properties of wood into consideration, there are certain requirements that the
reinforcing materials have to contain: a high degree of elasticity, sufficient ductility on the verge
of failure, recognizable failure point, environmental resistance factors (especially humidity), affordability, the possibility of an easy installation and
quality adhesion.
The so-called concrete steel (reinforced steel
bars) is the most commonly used strengthening
material. It is very economical and easy to procure; it is easily installed and has been used for
a long time. The best quality material that meets
almost all the requirements is the high quality protective steel wire. The most commonly used is the
5 mm-diameter wire whose tensile strength ranges
from 700 MPa to 4200 MPa and whose elastic
modulus is E = 2,1·105 MPa. [4]
However, there were other attempts (and realizations) with other materials and combinations,
such as e.g. fibreglass, aluminium foil tapes, plastic tapes etc. All these options have not proven
suitable enough due to commercial reasons.
All factors considered, it may be concluded that
the process of reinforcing timber bearings is not of
a widespread usage. The reasons are not found in
the disadvantages of the process but primarily in
its cost. However, regardless of this, reinforcing
timber bearings is successfully realized though not
as a widely-practiced mass or serial procedure.
This process has proven to be rather efficient
when it comes to reinforcing the already constructed structures. In such cases, the most cost-effective solution is installing reinforced (concrete)
steel of various diameters.
In such cases, as in new models, it is necessary to carefully implement the procedure, which
in practice means that reinforcing steel is placed
in rectangular tubes whose dimensions need to be
larger than the dimension of reinforcing steel by 2
mm at least. The connection between reinforcing
steel and wood is realized by means of pouring epoxy resin onto the tubes. When installing reinforcing steel, hammer pressure needs to be between
0.2 – 0.3 MPa.
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4.4. Reinforcing laminate timber beams
Laminate structures are used because of their
quality mechanical characteristics, industrial production, the possibility of usage in different sizes,
their flexibility, and because of their resistance to
chemicals. By reinforcing laminate beams, we enhance their bearing capacity.
4.5. Adding new beams along the existing ones
It is very important to strengthen the joists between the walls and roof beams, i.e. the walls and
the roof. In case of a strong earthquake, the friction force between the walls and roof beams may
be enlarged, causing each wall to be damaged by
oscillations in its own or vertical plane. In timber
roofing, opposite walls are connected by means of
steel connectors or mandrels.
4.6. Composite structures
Generally, when discussing structures, i.e. their
elements, composing implies putting and applying a
combination of two materials of various mechanical
properties into one whole, i.e. composite bearing.
The minimum dimension of the roof board is
l= 5-7 cm and of the floor structure l=7 cm. It is
shown by this example that the combination consists of a reinforced concrete board and a timber
laminate bearing.
Each composite system consists of three constructive elements: reinforced concrete or posttensioned board, the main bearing and connectors.
In composite structures, only selected brands
of cement (from C30/37 to C60/75) are used with
the following properties:
Table 2. Properties of cement used in composite
structures
Concrete
brands
C30/37
C40/50
C50/60
C60/75

Eb
(MPa)
32 000
36 000
40 000
42 000

Eč
Coefficient: n= Eb /Eč
(MPa)
210 000
6,56
210 000
5,83
210 000
5,25
210 000
5,00

The connection between the reinforced concrete board and the steel or wooden bearing may
be with or without buckling, depending on the
Volume 10 / Number 3 / 2015
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static requirements and the designed construction
technology. For the given load, the values of the
normal tension for both the upper and lower edge
of concrete are examined:

......................................... (1)
For wood, values are examined in accordance
with ENV 1995-1-1/1993. 5.1.9. eccentric pressure, i.e.
......................... (2)
The maximum transfer force is completely
overtaken by timber beams:
............................. (3)
The binder requirement is given as follows:
........... (4)
Where,
Ft,d – project force in a single binder,
Rd - project bearing capacity of the binder according to bearing failure modulus from ENV
199-1-1/1993 6.2.1 and 6.2.2.
To check instant deflection, the condition - that
it is lower than L/300 - is taken from ENV 19951-1/1993 4.3.2, and the value of the ultimate deflection - that it is lower than L/200 – from ENV
1995-1-1/1993 4.3.3. [4]
Where,
γt – wood and concrete coefficient of composition
E0,mean –mean value of wood fibre elastic modulus
at –distance from the centre of wooden beams
from the centre of composite cross-section
Smin – minimum distance between binders
Vd – projected shear force
σt,d – projected pressure tension
σm,d – projected deflection tension
ft,0,d – projected pressure solidity
fm,d – projected deflection strength
Volume 10 / Number 3 / 2015

Conclusion
The process of rehabilitating structures has become an important issue, especially in developed
countries as a result of the need to improve the
existing structures and adapt them to new conditions while recognizing the importance of preserving architectural heritage. Existing structures have
been victims of degradation in time, which causes
them to be unable to perform the purpose for which
they were constructed. Occasionally, there is a need
to improve the existing structure to meet the new
requirements or adapt to new functions. In cases
where it is necessary to apply chemical or physical intervention to a historic structure, it shall be
done in the most cautious way possible without
ever allowing the intervention to cause damage to
the existing structure. New additions (upgrading),
exterior changes or corresponding new structures
must not destroy the historic material, the properties of the structure and idiosyncratic spatial relations so that, in case they are removed in the future, the basic form and integrity of the historical
properties remains intact. Therefore, it should be
clear what is historic and what new. In case materials are changed, compatible materials need to be
found. Rehabilitating walls of masonry structures
by means of rehabilitating mortar is done in cases
of damaged mortar, cracks in the nodes, or damp
walls, where the damaged mortar has to be carefully removed in order not to damage the wall structure. In the original sense of the word, rehabilitation
implies bringing something, in this case a structure
(or its part or an individual element) that has been
damaged due to some unfavourable factors reducing its functionality, to its original condition.
As a certain counterpoint to changes caused
by fast technological developments, rehabilitating
structures of heritage is becoming a means of sustainable development as well as an act to preserve
culture. Regardless of the cause, cross-sections of
severely damaged constructive elements, and the
elements themselves, have been facing a state of
utterly limited bearing and utilization capacity, or
a similar condition if the number of such crosssections is sufficient for the transference of the
system into mechanism.
Starting with such an assumption, it is necessary
to take special caution of the possibility of residual
333
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voltage and deformations in elements as these may
affect their usability. In some cases, it is useful to
use simplified models and graphical methods to
check the bearing capacity as well as for the preliminary assessment and following simple conditions
for static balance. However, today, the most commonly used modelling methods assessing structural
elements are numerical, establishing a final list of
network elements. The ultimate bearing capacity of
a statically indeterminate structure occurs when the
structure as a whole fails, i.e. when the number of
plastic joints is by one degree greater than the static
indeterminacy of the structure. Therefore, the ultimate bearing capacity of a statically indeterminate
structure by using the failure method is obtained by
multiple repetitions of the calculations for the given
structure observed as an elastic system, where in
each subsequent phase the static indeterminacy is
reduced. In that way and by means of calculations,
the flow model of the structure may be realized.
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Abstract
Objective: In this paper, a fuzzy mixed integer linear programming model was proposed for
designing a multi-class single-product closed-loop
supply chain network in order to locate reproduction facilities.
Method: With respect to cost minimization and
uncertainty in the demand for returned products,
the proposed model is a type of NP-Hard Problems.
Therefore, to solve the problem bee colony algorithm model was suggested. Three experimental
problems were designed in three groups based on
size i.e. small, medium and big. The problems were
then solved by using bee colony algorithm. Moreover, to analyze the efficiency of the proposed algorithm, genetic algorithm was also used to solve
and implement the model. The experimental problems were also used via the use of this model and
the results of using the both algorithms were compared; these results included the following: the gap
between the target values, the value of the objective
function and the time function.
Findings: the findings from the comparison
proved the high capability of bee colony algorithm
to detect low-quality answers. To evaluate the validity of the detected answers by using bee colony
algorithm, one small problem was chosen and the
model was simulated using the data from the chosen problem.
Conclusion: the comparison between the simulation results and the proposed algorithm indicates
the validity of bee colony algorithm findings.
Key words: closed-loop supply chain, reverse
logistics, facilities locating, uncertainty conditions, bee colony algorithm.
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1. Introduction
Concept of closed-loop supply chain, somehow
includes reverse and forward logistics [1, 2] In the
process of forward logistics, suppliers provide raw
materials for manufactures to produce products. In
the general case, manufacturers send products for
customers through distributors. In reverse logistics,
may be customers send products for returning, repairing, and recycling. Moreover, it would be required that manufacturers and providers investigate
inefficient and defective products. Also, collecting
recycled materials would be required to recycle
these products properly, and turn them into reusable
materials, and restore for suppliers and producers.
Complete and continuous cycle of these activities is
recognized as an integrated logistics [3].
Totally, it can be said that logistics involves
physical section of supply chain, and mainly includes all activities related to flow of materials and
goods, from supplying raw materials to producing
the final product, including transportation, warehousing, etc. One of new trends in logistics management is recovery, recycling, or reusing products. In this method, products that reach the end
of their useful life, are purchased again from the
final consumer, and after dismantling those parts
of product that are reusable, in form of cannibalized products return to life cycle, that integration
of reverse logistics and direct logistics result to developing closed-loop supply chain.
Network design decisions include locating facilities, role, their capacity, and their allocation to
various sources and markets. All of these issues
have significant impact on flexibility, efficiency,
and finally supply chain.
Correct deciding about each of these issues,
causes to have a network with high flexibility and
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technics technologies education management

reactivity, with low costs [4]. As settlement of
facilities or closing them is time consuming and
expensive, changing them in short term is not possible. Also, we should know that investment in
decisions of designing network has higher capital
return relative to operating and tactical level. As
strategic decisions are made before operating and
tactical decisions, strategic decisions for decisions
at lower levels, play the role of limitation [5].
More precisely, strategic decisions of network
designing in direct and reverse flow relate to determining type of network, which include locating and
determining capacity of production facilities, storage, cross-docking, distribution, collection, sorting,
and reprocessing according to degree of buffer inventories, defining types of connections, and transportation communications in terms of sourcing and
modes. But reverse logistics networks and closedloop chains have special characteristics, which
should be considered in designing them separately
or simultaneously with direct logistics network,
which we will address them in following:
1. Reverse logistics is a closed-loop system
between market of consumed commodities
and market of sailing recovery products, thus
they have a different structure from traditional
open-loop supply chains. Additionally, in this
structure there is a many to many relation to
mode of convergent-divergent (including:
collection, inspection and sorting, reprocessing,
convex distribution and consumption), while
in direct logistics systems we have faced with
divergent one to many relations. Thus, role
of buffer centers, such as distribution centers,
collection, and recovery in coordination of
two extremes of chain and in other words,
supply and demand, is vital. However, role of
recovery centers which are buffers between
recollection and redistribution centers would
also be especially more important.
2. In reverse logistics, contrary to direct
logistics, entries (consumed products) have
uncertainty, thus managing them is very
difficult. Regulating supply and demand
is one of the main challenges in reverse
logistics. Also, stability is one of the other
important factors that should be considered
according to diversity of volume and flow
combination [6, 7].
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3. Role of inspection/sorting centers, because
all reverse logistics entries don’t have the
same capability for recovering, seems very
important. These centers, by sorting entries
(consumed products) into renewable products,
recovery, or destruction, determine where
they should be transported and thereby avoid
irrelevant costs of transportation. Indeed,
faster inspection of return products in reverse
logistics channels reduces transportation
costs, and provides possibility of direct
sending of returned product to the desired
processes. Degree of focus of inspection
and sorting facilities has a considerable
effect on transportation products. This
approach causes reduction of transportation
costs and also lack of unnecessary carry of
scrap products. High expenses of inspection
equipment and professional force cause that
these centers develop centralized. Thus, this
issue causes making different decision in
locating facilities (Ibid).
4. Another important issue about reverse
logistics is creating synergy among various
flows of products. Traditional logistics
networks were like one-way streets, while
in closed-loop chains, multiple internal
and external streams cross each other. In
this situation, using potential of integrating
streams is an important source for saving in
measure. For example, integrating direct and
revers flows causes reduction of overhead
costs and total costs (Ibid).
The aim of this research is solving the problem of designing direct and reverse logistics network by using previous studies and survey and
also searching in internet and analyzing obtained
data based on statistical methods, after integrated
designing of direct and revers logistics network,
by applying new meta-initiative algorithms (group
process algorithm).
Research background
There is a variety of literature about goods logistics and designing distribution networks, which
in this section we mention some of them.
Jayaraman et al [8] in designing closed-loop logistics network for providers of third party logistics,
Volume 10 / Number 3 / 2015
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offered an advanced two-target model of mixed integer programming integration of distribution centers with collection centers and recovery centers.
Jayaraman and Pirkul [9] provided a mixed integer linear programming model for a multi-commodity four rows logistics network. This model is among
few models that decide about row of suppliers.
Melachrinoudis et al [10] have used a physical
programming multi-objective methodology for redesigning of structure of warehouses’ network to
reduce costs.
Listes and Dekker [11] have offered a mixed integer linear programming model for designing reverse
logistics network with the purpose of minimizing
costs. This work is among few papers addressed designing a pull system in reverse logistics based on
costumers’ demand for recovered products.
Gen et Al [12] have offered a mixed integer linear programming model for designing direct logistics network in a two-row chain with the purpose of
minimizing costs. In this paper, for solving the problem, priority-based coding method has been used.
Ko and Evans [13] offered a mixed integer nonlinear programming model for designing direct and
reverse logistics network for providers of party
logistics services. For overcoming uncertainty of
conditions, characteristics of the problem were determined for each period, and in the next period,
the model was solved again for new characteristics.
They developed genetic algorithm for solving the
problem. Ko again by cooperation of Min H [14]
offered a similar work.
Dullaert et al [15] did an overview on designing
supply chain models, and thereby provided possibility of accessing more complete models, which
have the ability of considering all logistics costs.
Meepetchdee and Shah [16] minimized the
cost of logistics network in a mixed integer linear
programming model. They considered limitations
that logistics network should have robustness and
complexity in design. Aras et al [17] offered a nonlinear model of logistics network, and solved it by
the help of Tabu search algorithm. Thereby they
calculated location of collection centers and optimal price of products. Their aim was maximizing
profit in a reverse logistics network.
Du and Evans [18] considered a closed-loop logistics network which was controlled by providers
of third party logistics. Their objective was minimizVolume 10 / Number 3 / 2015

ing delay and total cost of decisions related to locating and capacity of facilities, and have used a hybrid
scatter search method for solving their model.
Lee and Dong [19] offered a mixed integer
linear programming model for integrated designing of logistics network. The applied solution
was Tabu search. Pishvayee et al [20] integrated
designing of direct and reverse logistics network
used a mixed integer linear programming model.
They solved the model by using genetic algorithm
equipped with variable neighborhood search to
minimize costs and maximize responsiveness.
Krikke et al [21] designed a two-row reversed
logistics network for a manufacturer of copiers by
using a mixed integer linear programming model.
In this model, costs of processing returned products
and inventory were also considered in target function. As stated, one the important factors in designing reverse logistics network is uncertainty in demand and also type and quality of return products.
Uster et al [22] designed a semi-integrated network in which the available direct logistics network is assumed and just collection and recovery
centers in reverse logistics are locating. But reverse
and direct streams are optimized simultaneously.
Highlight of this paper is a precise method based
on decomposition method for designed model.
Fleishmann et al [7] showed that designing logistics network integrate and simultaneously in
comparison with traditional approach can result in
significant saving in costs. Another issues considered in integrating direct and reverse logistics is
using combined facilities of warehouse/collection
or warehouse/ repair. These combined facilities
in direct flow play the role of distribution centers
(warehouse), and in reverse flow they play the role
of collection, inspection, and soring centers or recovery centers; considering this type of facilities,
besides causing reduction of complexities, because of integration of reverse and direct streams
and common use of facilities and infrastructures,
causes saving economically, too [13, 19].
Salema et al [23] have tried, by resolving existing weaknesses in the article (Fleischmann, 2001),
offer a more general model, by the help of mixed
integer linear programming. But in this paper also
despite not considering uncertainty in demand and
limitation of capacity, still has not considered diversity of facilities’ capacity and all rows of chain.
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However, this paper has offered one of the strongest models, although it has not tried to solve it
for large sizes, and has limited itself to solve it by
precise algorithms in small size.
Pirkul & Jayaramanin [24] published articles
about locating and transportation with limited capacity in a multi-commodity state and static conditions. Their investigated chain was three-level
which its locating decisions in two levels include:
manufacturers and intermediate warehouses. They
assumed that production cost in all of manufacturers is fixed, so their model was considered one
of facilities locating models with limited capacity.
Their suggested model target function was minimizing cost of settlement of facilities and transporting products from distributers to warehouses
and therefrom to customers. They solved their
suggested model by using an initiative algorithm
and Lagrangian separation.
Erlbacher and Meller [25] formulated locating
problem and static single-commodity inventory
and stated that their considered problem is a more
general state of locating-allocating problem and
locating-allocating problem is also a more general
state of P-median problem which is Np-hard. Consequently, they know their considered problem belong to Np-hard group. Their considered network
includes three layers of manufacturers, distribution centers, and customers, which locating and
inventory decisions should make at its median
row that is distribution centers. In their considered
problem, demand of each customer was assumed
of possibility. They benefited from rectilinear
distance for evaluating distances and from order
economic quantity model for determining order
amount of each of distribution centers at each
period. One of the limiting assumptions of their
problem was satisfying demands of each customer
just by one distribution center. As target function
of their suggested model was non-linear, they suggested several initiative methods for solving it.
Conceptual model/ hypotheses or research
questions
Investigated network in this research is a direct
and reverse logistics network, which has the capability of supporting of a lot of kinds of industries that in
their reverse logistics network, recycling, disposal,
rebuilt, and repair of end of life products are done.
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In the designed model, return products, after collecting and inspecting, are divided into four groups
of recoverable products, remanufacturing products,
recyclable products, and products for safe disposal.
Recoverable products were those kind of products
that were recoverable inside collection and recovery
centers and after recover can be reused completely.
These products, after recovery, are sent as secondhand products to distribution centers for selling. Remanufacturing products were those kind of products
which were recoverable in manufacturing centers
and after recovery can also be used as new products. These products after recovery or troubleshooting were entered to production line and were used as
new products. Those products that were no longer
usable, but can be used in preparation of raw materials or conversed materials, are sent to recycling
centers. Those products that had no usage, and even
cannot be used in preparing raw materials, are sent
to disposal centers for safe bury. This network has
capability of supporting all kinds of industries, including producing electronic and digital equipment
(such as computer, camera,) [19, 21], producing industries of vehicles [22] and other such industries.
Conceptual model of closed-loop supply chain in
this research is as following (figure 1).
Based on the conceptual model, hypotheses of
the problem are as below:
Hypotheses:
– The model is of single-period.
– The model is multi-commodity.
– Capacity of all facilities is limited.
– Capacity of rebuilding of products in
manufacturing centers is considered fuzzy.
– Capacity of collection/recovery, recycling,
disposal centers is fuzzy.
– Customer demands and amounts of return
goods are fuzzy.
– Locations of suppliers and manufactures are
specified and fixed.
– The model is single-objective.
– Solution space is discrete.
– Number of facilities is not predetermined.
– All demands of customers are responded
and all return goods are collected.
– Quality of repaired products is different
from quality of new products and are offered
as second-hand products.
Volume 10 / Number 3 / 2015
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– As salesroom of second-hand products and
new ones is the same, we consider one kind
of customer for this model.
– Maintaining cost depends to end of period
inventory and deficiency is not permitted.
– Place of suppliers, manufacturers, and
customers is fixed and other places including
distribution place, collection/recovery place
and disposal place are potential.
– Cost of transportation and displacement of
each unit of product from supplier center to
manufacturing centers have been considered
as cost of buying raw materials.
– Cost of constructing collection, recycling,
and disposal centers is considered fuzzy.
2. Mathematical model
According to the conceptual model and considered hypotheses, a mathematical model with fuzzy
parameters is provided, that in this section we try
to describe indices, parameters, variables, target
functions, and model limitations.
Indices:
I: index of set of fixed points for supplying centers i ∈ I
J: index of set of fixed points for manufacturing
centers j ∈ J

K: index of set of potential points for distribution centers k ∈ K
L: index of set of fixed points for customers
l∈L
M: index of set of potential points for collection and recovery centers m ∈ M
P: index of set of potential points for recycling
centers p ∈ P
N: index of set of potential points for disposal
centers n ∈ N
S: index of set of products s ∈ S
Parameters:
rls: Degree of returning of product S from
customer centre me.

~
d ls : Degree of fuzzy demand of product S by

customer I.
Bjs: Rate of retuning of product S from recycling
centre P to manufacturing centre j.
Bns: Rate of retuning of product S from
recycling centre P to disposal centre n.
Bks: Rate of retuning of product S from
recycling centre P to distribution centre k.
Bis: Rate of retuning of product S from recycling
centre P to supplying centre i.
fk: fixed expense of constructing distribution
centre at place k.

Figure 1. Remanufacturing and collection centers for conceptual closed loop supply chain
Volume 10 / Number 3 / 2015
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~
f m : Fuzzy expense of constructing collection
and recovery centre at place m.

~
f p : Fuzzy expense of constructing recycling

centre at place p.

~
f n : Fuzzy expense of constructing disposal

centre at place n.
csij: All costs of transportation and displacement
of product s from supplying centre i to
manufacturing centre j.
csjk : All costs of transportation and displacement
of product s from manufacturing centre j to
distribution centre k.
cskl: All costs of transportation and displacement
of product s from distribution centre k to customer
centre I.
cslm: All costs of transportation and displacement
of each unit of return product from customer I to
collection and recovery centre m.
csmp: All costs of transportation and displacement
of each unit of return product from collection and
recovery centre m to recycling centre p.
cspn: All costs of transportation and displacement
of each unit of return product from recycling
centre p to disposal centre.
cspk: All costs of transportation and displacement
of each unit of return product from recycling
centre p to distribution centre k.
cspj: All costs of transportation and displacement
of each unit of return product from recycling
centre p to manufacturing centre j.
cspi: All costs of transportation and displacement
of each unit of return product from recycling
centre p to supplying centre i.
cqsjj: All costs of transportation and displacement
of product s from manufacturing centre j to its
warehouse.
cqsjk: All costs of transportation and
displacement of product s from manufacturing
warehouse j to distribution centre k.
cai: Capacity of supplying centre at place i.
caj: Capacity of manufacturing centre at place j.
cajj: Capacity of manufacturing warehouse at
place j.
crj: Capacity for recreation of products in
manufacturing centre at place j.
cak: Capacity of manufacturing centre at place k.
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crk: Capacity for distributing second-hand
products in distribution centre at place k.
cri: Capacity for manufacturing primary
materials resulting from second-hand products in
distribution centre at place i.

ca~m :

Fuzzy capacity of collection and
recovery centre at place m.

ca~p :

place p.

Fuzzy capacity of recycling centre at

ca~n :

Fuzzy capacity of disposal centre at
place n.
hsj: Maintenance cost of each unit of product s
in manufacturing centre at place j.
Variables:
ym: If collection and recovery centre be established at place m, its amount is 1 otherwise it is 0.
yk: If distribution centre be established at place
k, its amount is 1 otherwise it is 0.
yp: If recycling centre be established at place p,
its amount is 1 otherwise it is 0.
yn: If disposal centre be established at place n,
its amount is 1 otherwise it is 0.
xsij: Flow amount of product s from supplying
centre i to manufacturing centre j.
xsjk: Flow amount of product s from manufacturing centre j to distribution centre k.
Qsjj: Flow amount of product s from manufacturing centre j to its warehouse.
xskl: Flow amount of product s from distribution
centre k to customer I.
Qsjk: Flow amount of product s from manufacturing centre j to distribution centre k.
xslm: Flow amount of return product s from
customer I to collection and recovery centre m.
xspk: Flow amount of return product s from
recycling centre p to distribution centre k.
xsmp: Flow amount of return product s from collection and recovery centre m to recycling centre p.
xspn: Amount of return product s from recycling
centre p to disposal centre n.
xspj: Amount of reused product s which goes
from recycling centre p to manufacturing centre j.
xspi: Amount of reused product s which goes
from recycling centre p to supplying centre i.
Usj: The remaining amount of inventory of
product s in manufacturing warehouse j.
Volume 10 / Number 3 / 2015
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Target function:

Limitations:

Limitations (5) to (11) relate to limitations of
flow balance in nodes.
.................. (2)

................. (3)
Terms (2) and (3) ensure that in direct flow, all
demands of customers are responded, and in return
flow, all return goods from customer centres are
collected.

............. (12)
Term (12) ensures that outflow rate from
manufacturing warehouse is less than total inflow
to manufacturing warehouse.
.................. (13)
. ........ (14)

........... (4)
.............. (15)
Term (4) ensures that all return products after
collection centre are sent to recycling centre.

.......... (16)

. ...... (5)
........ (6)

........ (7)
........ (8)
... (9)
.. (10)
...........(11)
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.................... (17)
.............. (18)
.................. (19)
. .................. (20)
................ (21)
. ............. (22)
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............................. (25)

Conversion of fuzzy model into deterministic
model
In order to solve model, at first it is required that
fuzzy model be converted to its counterpart deterministic model. Fuzzy number ranking method is
one of the existing solutions for converting fuzzy
model into its counterpart deterministic model. In
this paper, Jimenez ranking method has been used
for converting fuzzy model into its counterpart deterministic model. By using this model, the result
deterministic model is (31).
Limitations:

.............................. (26)

....................................... (32)

.............................. (27)

............... (33)

Terms (24) to (27) ensure that at least one of
potential centers is active.

. ......... (34)

. ..... (28)

....... (35)

..................... (23)
Terms (13) to (23) ensure that flow should
be just between points in which a facility is
established and also sum of flow at each facility
should not exceed its capacity.
............................. (24)

Term (28) ensures that total coefficients of return products equals to 1.
............ (29)

........ (36)
........ (37)

. ........................ (30)

. ...... (38)

Limitations (29) and (30) are obvious and rational limitations related to variables of problem
decision.

. . (39)
.(40)
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. .......... (41)

..................... (53)

. .............. (42)

............................. (54)

................... (43)
. .......... (44)
..................... (45)

. ........................... (55)
............................. (56)
. ............................ (57)
.......... (58)

................................ (46)

. .......... (59)

. ........................ (60)

............................... (47)
................ (48)
................... (49)
................... (50)

............................... (51)

................................ (52)
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Solution algorithm
As mentioned in previous sections, most models of designing logistics network are in discrete
space, including the problem under discussion in
this study (which is a combination of two problems
of locating with limited capacity and optimizing
flow). These problems are reducible to the problem of locating facilities with limited capacity. The
problem of locating facilities with limited capacity
is in the category of Np-Complete [26]. Thus, the
investigated problem of designing logistics network
in this study belongs to Np-Hard category. Because
of high time complexity, for solving these kind
of problems in large sizes, we cannot use precise
methods. Therefore, in this study for solving the investigated problem, we have offered two meta-initiative methods based on bee colony optimization
algorithm and genetic algorithm and comparison of
solutions of these two methods. In this section, we
provide a brief description of suggested structure of
bee colony algorithm and genetic algorithm.
Bee colony algorithm
Bee algorithm provided by Pham et al [26],
is an emerging group algorithm which simulate
food-seeking behavior of bee. In this study, bee
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algorithm is applied for optimizing total cost
amount in a closed-loop supply chain network.
Suggested structure for this algorithm is as the following pseudo code:
Purposed Bee colony optimization
algorithm
{Initialization:
Initialize the algorithm parameter.
Generate N feasible solution as initial
population.
While criterion is meet
Calculate the fitness for each solution
in current population.
Select the best bees and their location
as p1 set.
Select the other bees and their location
as p2 set.
Apply neighbourhood search operator on
p1 set,
Apply feasibility check method on
obtained solutions.
Assign some bees to obtained solutions
and calculate their fitness.
Apply random neighbourhood search
operator on p2.
Apply feasibility check method on
obtained solutions.
Calculate their fitness.
Select the N best bees of each location.
Apply improvement method on selected
solutions and take output of this method
as population of next generation.
End while
Return the best solution.
}

The way of displaying solution
In all meta- initiative algorithms, because of
the need of solving at the beginning of the job, it is
required to save the solve based on a certain structure which this structure is called the way of displaying solution. In this study, for displaying each
solution, we use matrix. Each solution includes
several matrices that these matrices are designed
according to outputs of model. For example, for
variable ym, a row (one-dimensional) matrix is defined which number of its elements equals to m or
for variable xsij, a three-dimensional matrix with
dimensions of I*J*S is defined. Similarly, for the
rest of outputs, a matrix will be defined.
Solution initialization method
In this study, for initializing solutions, a random
approach has been used. For initializing solutions,
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at first matrices ym, yk, yp, and yn are initialized
randomly, and then remaining solution matrices
(model variables) are initialized based on the limitations of model, feasibly. Suppose that population size equals to N; each time that a solution was
initialized with description, if it is not iterative, it
will be added to solution population. This trend
will continue till the number of existing solutions
in population reaches to N. After initialization of
solutions, they will be improved as much as possible. Performance of improvement procedure is
described in next section.
Improvement procedure
In the suggested structure of bee colony optimization algorithm, an improvement procedure is
designed that at the end of each repetition applied
in previous section on the selected solutions and
improve them. Output solutions of improvement
procedure are selected as repetition population,
after algorithm. Implementing improvement procedure in this research is based on parallel neighborhood search, which will be described below.
This procedure uses of 4 neighborhood search operators simultaneously or in parallel. If described
operators are shown with Is1, Is2, IS3, and IS4,
then parallel procedure structure is as below:
{For input solution s:
S1=ls1(s);
S1=Apply feasibility check method on s1.
S2=ls2(s).
S2=Apply feasibility check method on s2.
S3=ls3(s).
S3= Apply feasibility check method on s3.
S4=ls4(s).
S4= Apply feasibility check method on s4.
Output solution=acceptance(s, s1, s2,
s3, s4).
}

As it is observed in the above structure, for
each existing solution in population, each of operators is applied separately on the mentioned
solution and finally, among 4 output solutions of
operators and input solution, one of them will be
selected according to fitness level and reported as
the described output of procedure. Structures of
neighborhood search operators designed in this
procedure are as the following.
Operator 1: one index I has been initialized randomly in uniform interval of [1..m] (m is the numVolume 10 / Number 3 / 2015
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ber of collection and recovery centers) and if the
value of ym (i) be 1, and except this cell, there be
other cells with the value of 1, then value of ym (i)
will change to zero, and the corrective procedure
will be applied on related matrices and corrects
them according to the limitations of investigated
model. If value of cell ym (i) be zero, its value will
change to 1 and corrective procedure will be applied on other matrices and will change them according to the limitations.
Operator 2: one index i has been initialized randomly in uniform interval of [1..n] (n is the number of disposal centers) and if the value of yn (i) be
1, and except this cell, there be other cells with the
value of 1, then value of yn (i) will change to zero,
and the corrective procedure will be applied on related matrices and corrects them according to the
limitations of investigated model. If value of cell
yn (i) be zero, its value will change to 1 and corrective procedure will be applied on other matrices
and will change them according to the limitations.
Operator 3: one index i has been initialized randomly in uniform interval of [1..p] (p is the number
of recycling centers) and if the value of yp (i) be 1,
and except this cell, there be other cells with the
value of 1, then value of yp (i) will change to zero,
and the corrective procedure will be applied on related matrices and corrects them according to the
limitations of investigated model. If value of cell
yp (i) be zero, its value will change to 1 and corrective procedure will be applied on other matrices and
will change them according to the limitations.
Operator 4: one index i has been initialized randomly in uniform interval of [1..k] (k is the number of distribution centers) and if the value of yk (i)
be 1, and except this cell, there be other cells with
the value of 1, then value of yk (i) will change to
zero, and the corrective procedure will be applied
on related matrices and corrects them according
to the limitations of investigated model. If value
of cell yk (i) be zero, its value will change to 1
and corrective procedure will be applied on other
matrices and will change them according to the
limitations.
Local search (category p1 and p2 of bees)
As it was observed in total structure of algorithm, bees are divided into two groups of p1 and
p2, that on category p1, local search has been diVolume 10 / Number 3 / 2015

rected and on category p2, local search will be directed completely randomly. Neighborhood search
applied on category p1, is the described parallel
neighborhood search structure. Each of the existing solutions in category p1 are put in this structure as entry and thereby algorithm reaches better
solution. In order to apply neighborhood search on
p2 category of bees, for each of the existing solutions in category p2, one of the 4 described operators are selected randomly and is applied on the
existing solution in this category and whatever the
selected output operator is (better or worse), will
be replaced by the existing solution.
Calculating fitness function
As the investigated model in this study is a
single-objective model, fitness level of each solution is calculated in this way that the less objective
function value is, it means that fitness of related
solution is more. Indeed, fitness function in this
study is defined contrary to the target function.
Selection
At each stage of bee’s colony optimization algorithm, among previous and new places of bees,
N (population size) place will be selected as the
best solutions (according to fitness level). The
way of selection is the same for all of these places,
fitness level is calculated and then places will be
sorted according to ascending order of fitness value and finally, N top places will be selected.
Genetic algorithm
As mentioned, for investigating efficiency of
bee colony algorithm, genetic algorithm is also
implemented to solve the investigated problem
and the results of solving sample problems are
compared with each other by two algorithms.
In implementing genetic algorithm, the way of
displaying solution and the way of initializing solutions, is like what is described in bee colony algorithm. For implementing mutation operator, parallel
neighborhood search structure described in previous sections has been used. The reason of this resemblance is that the results of comparing outputs
of these two algorithms have been fair and are compared with each other under the same conditions.
The intersection operator designed in this algorithm, is a single-point intersection operator. After
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selection of two parents, they were put as entries to
the intersection operator, 4 locating matrices of each
parent (ym, yk, yn) will be selected as peer to peer
for intersection action. After applying intersection
operator for these matrices and children locating
matrices were initialized, then for each child, the
rest of solution matrices (model variables) are initialized according to the limitations and possibly in
a random way. It should be mentioned that in this
algorithm, for selecting parents, the roulette wheel
selection method has been used.
The computational results
In this research, in order to test efficiency of
suggested algorithms, they were run in MATLAB
software environment and the results of its run
in initialized test problems were compared with
each other according to target function and solving time. The base of comparisons is according to
a scale, as a gap between values of target function
and time of implementing each of those methods.
After explaining the comparison scale, we will
try to describe how test problems are planned and
how parameters are regulated and finally we will
describe the results of comparisons. All computations are done by computer by processor Pentium® 4306 GHz 512 MB of RAM. The results of
these experiments are shown in the related tables.
Comparison index
In this research, for comparing the results of
two algorithms with each other, we have used three
indicators of solving time, value of target function,
and gap between values of target function in two
algorithms. The value of target function is the cost
that is obtained for near optimal solutions by each
of the algorithms. Solving time in each algorithm
is defined as the time of implementing each of the
algorithms for solving sample test problems to obtain the near optimal solution. The third index for
comparing two algorithms is the gap between obtained values of target function by two algorithms
which is calculated by the following formula.
.............. (61)
This scale is as the gap between value of target
function of bee colony algorithm and value of
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target function obtained from genetic algorithm.
Formula (61) calculates the gap between values of
target function obtained from bee colony algorithm
and genetic algorithm, in which:
ans.BCO: Value of target function obtained
from bee algorithm.
ans.GA: Value of target function obtained from
genetic algorithm.
%error: Value of gap between target function
obtained from bee algorithm and genetic algorithm.
Test problems
As stated in previous section, for implementing
algorithms and comparing them with each other,
several test problems are designed in groups with
small, medium, and large sizes. As there is no sample problem that be according to the model provided in this research, and cover all parts of the model,
so in order to initialize some of test problems, some
of previous researches are selected and their sample
problems are used in accordance with the model
as much as possible, and some parts of parameters
which are not covered by these researches, are selected randomly. Also for determining some other
test problems, previous studies are investigated and
according to range of sizes of selected problems in
these researches, test problems are designed.
Test problems with small size
Problems with small size are selected according to solved problems by kannan et al [28].
Solved problems by them don’t cover all parameters of model. Those parameters not covered by
their research, are selected randomly. Table (1)
shows problems with small size according to the
study of kannan et al28.In these problems, such as
existing problems in the referred study, number of
products for all problems is considered equal to 1,
and number of facilities in forward logistics all are
considered equal to 2, number of facilities related
to reverse logistics equal to 2 to 5.
Test problems with medium and large size
Various test problems and real problems with
diverse sizes are provided in the field of direct and
reverse logistics network designing. In this research
for designing and initializing test problems with
medium and large sizes, at first we have investigated some of existing problems in literature, that
Volume 10 / Number 3 / 2015
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Table 1. Problems with small size
Prob. Number of Number of Number of Number Number of
no
products suppliers producers of DC customers
1
2
3
4

1
1
1
1

2
2
2
2

2
2
2
2

2
2
2
2

Number of
collection
centres

Number of
recovery
centres

Number
of disposal
enters

2
3
4
5

2
3
4
5

2
3
4
5

2
2
2
2

Table 2. Sizes of a number of existing problems in literature
References

Number of
manufacturing
centres

Number of
suppling
centres

Number of
customers
centres

Number of
collection and
inspection centres

Number of
recovery
centres

Number
of disposal
centres

8
17
12
29
30

20
3
30

30
40

100
500
120
100

40
35
80
40

30
20
30

-

Table 3. Problems with medium size
Number of
Number of Number of Number of Number of
Number of Number Number
Prob.
collection and
suppling manufacturing distribution customers
recovery of disposal
of
no
inspection
centres
centres
centres
centres
centres
centres product
centres
1
2
3
4
5
6
7
8
9

10
10
10
10
10
10
10
10
10

3
3
3
6
6
6
7
7
7

7
7
7
8
8
8
9
9
9

7
7
7
10
10
10
15
15
15

7
7
7
8
8
8
9
9
9

5
5
5
6
6
6
7
7
7

4
4
4
5
5
5
7
7
7

1
2
3
1
2
3
1
2
3

Table 4. Problems with large size
Number of
Number of Number of Number of Number of
Number of Number Number
Prob.
collection and
suppling manufacturing distribution customers
recovery of disposal
of
no
inspection
centres
centres
centres
centres
centres
centres product
centres
1
2
3
4
5
6
7
8
9

15
15
15
20
20
20
25
25
25

10
10
10
15
15
15
15
15
15
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20
20
20
40
40
40
45
45
45

30
30
30
70
70
70
90
90
90

16
16
16
35
35
35
40
40
40

7
7
7
12
12
12
15
15
15

6
6
6
10
10
10
13
13
13

1
2
3
1
2
3
1
2
3
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sizes of these problems are displayed in table (2).
Then, according to the existing sizes in literature, it
is attempted, according to the existing range in previous researches which are offered in table (2), to
determine size of medium and large problems and
also a number of problems with sizes larger than
existing problems in previous researches. Designed
problems are provided in tables (3) and (4).
Regulating parameters
In order to regulate and initialize other parameters, study of Pouralikhani et al [31] has been used.
It should be mentioned that offered model in (Ibid)
don’t cover some of the parameters of model provided in our research, so in order to determine
them, we have attempted to initialize random values which are rational relative to other values.
As mentioned, in the offered model, some of
parameters of model are considered fuzzy. For
initializing fuzzy values, triangular fuzzy number
has been used. For initializing triangular numbers
related to each fuzzy parameters (m1, m2, m3),
at first m2 is initialized and then random number
r was initialized in range (0, 1), and m1, by using equation m2*(1-r), and m3, by using equation
m2*(1+r), will be initialized. In order to initialize
fuzzy parameters, m2 was determined according to the referred article [31] (if existing) and
two values of m1 and m3 are determined by using MATLAB software. Therefore, in the section
of regulating these parameters, we just suffice to
mention value of m2.
In initializing sample problems, the following
values are considered.
– Rate of customer demand I of
product S of triangular fuzzy number

~
d ls = (m1,100, m3) .

– Capacity of all supplying centers equals to
6000, capacity of all manufacturing centers
equals to 9000, capacity of warehouse of
all manufacturing centers equals to 5000,
capacity for reproducing products at all
manufacturing centers equals to 4000,
capacity of all distribution centers equals to
4000, capacity for distributing second-hand
products at all supplying centers equals
to 3000, capacity of recovery/collection
centers is fuzzy number (m1, 3500, m3),
348

–

–
–
–
–
–
–
–
–
–

recycling equals to fuzzy number (m1,
4000, m3), capacity of disposal centers is
fuzzy number (m1, 3000, m3).
Cost of establishing disposal centers equals
to fuzzy number (m1, 5000, m3), cost of
establishing collection/recovery equals to
fuzzy number (m1, 10000, m3), and that
of recycling centers is as triangular fuzzy
number (m1, 15000, m3). Also, cost of
establishing distribution centers is initialized
in uniform range of [5000...10000].
Product return rate from recycling centers to
other centers is initialized randomly in range
(0, 1).
Rate of return product from customers
is initialized in uniform range of [0...50]
randomly.
All costs of transportation and displacement
are initialized randomly in range of
[1...1000].
Cost of maintaining inventory equals to
fuzzy number (m1, 500, m2).
α value for ranking fuzzy numbers equals to
0.8.
Population size and repetition number in
both algorithms equals to 200 and 1500,
respectively.
Number of bees in category p1 equals to 60
percent of population size.
Mutation and intersection rates in genetic
algorithm equal to 0.2 and 0.7, respectively.
Number of repetitions in parallel
neighborhood search equals to 15.

3. Results
In this section, designed test problems were
solved by using two algorithms of bee colony and
genetic, and their results would be analyzed. The
results of implementing two algorithms according
to explained indices are provided in the following
tables.
As it is observed in above tables, in all problems with small, medium, and large sizes, obtained value of target function by bee colony algorithm was better than the obtained value of target
function by genetic algorithm, and for this reason,
calculated value for gap in all cases was negative,
which indicates high ability and power of bee
Volume 10 / Number 3 / 2015
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Table 5. The results of implementing problems with small size
Prob. no

Target value BCO

Target value GA

Time BCO

Time GA

gap

1
2
3
4

310460
395210
403600
398380

565920
594980
713560
563760

1.6786
1.986
2.3188
2.936

0.1552
0.2162
0.2151
0.2547

-45.1412
-33.5755
-43.4386
-29.3358

Table 6. The results of implementing problems with medium size
Prob.no

target value BCO

target value GA

timeBCO

time GA

gap

1
2
3
4
5
6
7
8
9

12905000
30800000
59245000
59394000
108900000
171380000
83837000
202110000
309620000

14969000
34320000
72236000
66712000
116640000
183630000
97055000
221130000
330300000

4.922
10.8438
11.8064
6.8438
11.9626
16.9094
8.6718
15.2312
22.1282

0.6624
1.0626
1.0156
0.6032
1.0406
1.4782
0.7594
1.3250
1.9156

-13.7938
-10.2559
-17.9845
-10.9696
-6.6347
-6.6672
-13.6196
-8.6008
-6.2610

Table 7. The results of implementing problems with large size
Prob.no

target value BCO

target value GA

timeBCO

time GA

gap

1
2
3
4
5
6
7
8
9

442430000
914370000
1431100000
2535000000
4430700000
6531800000
3260100000
7229700000
11240000000

450840000
944020000
1481600000
2564700000
4610200000
6608400000
3370000000
7323600000
12124000000

17.7782
1144.2
45.109
62.578
117.25
170.75
336.228
404.703
1212.4

1.5312
104.525
3.9842
5.6688
11.7436
14.25
21.797
33.75
102.14

-1.8637
-3.1406
-3.4071
-1.156
-3.8924
-1.1583
-3.261
-1.2814
-3.1751

colony algorithm relative to genetic algorithm in
achieving optimized near solution. In the above
table, it is observed that solving time of problems
by bee colony algorithm against to genetic algorithm, in all cases was more and this means that
for solving these problems, bee colony algorithm
needs more time than genetic algorithm .It should
be mentioned that by increasing the size of problem, time for solving the algorithm also changes
increasingly, and time of solving problems with
large size is much more than solving of problems
with small and medium sizes, which this indicates
difficulty of problem. The following figure shows
comparison of time of implementing two algorithms for all problems.
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Figure 2. Comparison of time of implementing
two algorithms of bee colony and genetic
Verification of Bee Colony Algorithm
To verify the obtained results from bee colony
algorithm, the close loop chain of problem number-1, which is a problem with slight size, based on
decision making parameters is simulated through
Arena 13.5 software and the simulated model is
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Figure 3. Comparison of mean of total cost obtained with bee colony and simulation
performed in 40 iterations. Also, the total cost of
provide chain is simulated in 40 iteration shown
in following figures. The average of these costs is
equal to 311123. This worth to total cost which is
gotten from bee colony algorithm 310460. Consequently, this can approve the verification of bee
colony algorithm to solve problem.
4. Conclusion
In this study, a fuzzy mixed integer linear programming model is provided which simultaneously
optimizes costs of transportation and settlement
of facilities, to design a closed-loop supply chain
network, in which locating problem of reproduction facilities is solved. The suggested model at
first has turned it into a deterministic model by using Jimenez ranking method, and then bee colony
algorithm is suggested to solve it. After designing
a number of test problems, results of solving these
problems were compared to the results of genetic
algorithm by the suggested algorithm. The results
of comparing performance of two algorithms, according to the gap between obtained values of target
function by two algorithms, value of target function
and time of implementing these two algorithms,
show that the obtained value of target function by
bee colony algorithm was better than the value obtained from target function by genetic algorithm,
and for this reason, calculated value for gap was
negative in all cases which indicates high ability
and power of bee colony algorithm relative to genetic algorithm in achieving to optimized near solution. In the above table, it is observed that solving
350

time of problems by bee colony algorithm against
to genetic algorithm, in all cases was more and this
means that for solving these problems, bee colony
algorithm needs more time than genetic algorithm.
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Abstract
The analysis of data transmission of multiplexed video / audio signals through a WDM
(Wavelength Division Multiplexing) network by
proposed algorithm which determines where are
the break-quality transmission points is presented
in this paper. Based on the algorithm the simulation of transmission is performed considering real
values. By analysis of obtained results several dependencies are determined: how BER (Bit Error
Ratio) and Q-factor change their values depending
on the fiber length, i.e. depending on the number
of amplifying sections; and how the number of
multiplexed channels and the flow rate per channel
affects the signal transmission. Analysis of WDM
systems (with nonlinear and dispersive fiber) have
been made for 8-channels and 40-channels WDM
transmission systems in the software package OptiSystem 7.0. In this paper is also presented the influence of parameters on the number of TV channels of different resolutions and compressions that
can be transmitted through the WDM network.
Key words: Bit error ratio (BER), HD signals,
Q factor, SD signals, WDM network
1. Introduction
WDM (Wavelength Division Multiplexing) is a
technology that multiplex multiple optical carrier
signals in a single fiber using different wavelengths
for the transmission of different information. The
least attenuation in the optical fiber is achieved using the wavelength of 1550 nm, i.e. by using the
“third optical window”. WDM systems enable
expansion of existing capacity without laying additional fiber optic cables. The capacity of the existing system is expanded using multiplexers and
demultiplexers at each end of the system [1-6].
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For successful transmission of optical signals
over long distances the EDFA (Erbium Doped Fiber Amplifier) amplifiers are used. Erbium is a rare
element that emits light at a wavelength of 1.54 μm
when excited, that is the wavelength with minimum attenuation. The signal with low amplitude
signal enters the erbium doped fiber in which light
is injected using the laser to pump. This light excites erbium atoms to release stored energy as additional light of wavelengths around 1550 nm. As
this process continues through the fiber the amplitude of the signal starts to increase. EDFA is available in C and L windows but in quite narrow range
(1530-1560 nm) [1, 2, 7, 8].
EDFA can boost as many optical signals as they
can be multiplexed in a given range if the signal at
its input is strong enough. But, if the amplitude of
any input signal is lower than the threshold, EDFA
cannot amplify it.
2. BER and Q factor
The performances of optical communication
systems are determined by BER (Bit Error Ratio).
It is probability that the impulse is interpreted incorrectly (i.e. logic ‘1’ is detected as ‘0’ and vice
versa). Therefore, the BER of 10-6 corresponds to
an average of one error per million bits. The value of BER depends on the characteristics of laser
sources and transmission lines. In the standard –
single-mode optical fibers and in the fibers with
special purposes, increasing of bit rate impacts on:
amplified spontaneous emission; polarization mode
dispersion; chromatic dispersion; optical fiber nonlinearity; and noise. That is the reason why the measurement of BER is becoming longer and longer in
order to obtain correct results [1, 2, 9, 10, 11].
The criterion for satisfying good quality usually
applied to optical receiver is the BER value less than
Volume 10 / Number 3 / 2015
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10-9. The sampling of a signal at the input of decision circuit is performed in time instants tD determined through clock recovery. The sampled value I
fluctuates from bit to bit around the average value I1
or I0, depending on whether the bit corresponds to 1
or 0 in the bit stream. The decision circuit compares
the sampled value with a threshold value ID and set
it to 1 if I>ID or to 0 if I<ID at the receiver’s output.
An error occurs if I<ID for bit 1 or if I>ID for bit 0
because of receiver noise. Both errors are considered in expression for BER as in [1, 2]

3. Algorithm and system model for transmission television signals
The Model of the system observed, and under
which the transfer of television signals through a
WDM network is equivalent to the system given
in Figure 1. Analysis of WDM transmission systems was done in the software package OptiSystem 7.0 [12].

=
BER p( 1 )P( 0 / 1 ) + p( 0 )P( 1 / 0 ) ......... (1)
where p(1) and p(0) are the probabilities of
receiving bits 1 and 0, respectively, P(0/1) is the
probability of deciding 0 when 1 is received, and
P(1/0) is the probability of deciding 1 when 0 is
received. Since 1 and 0 bits are equally likely to
occur, p(1)=p(0)=1/2, and the BER becomes
BER =

Figure 1. WDM transmission line infrastructure

1
[P(0 / 1) + P(1 / 0)]. ................ (2)
2

The BER with the optimum setting depends
only on the Q parameter as
BER =

(

)

1
 Q  exp − Q 2 / 2
. .......... (3)
erfc
≈
2
Q π
 2

where erfc stands for the complementary error
function, defined as

erfc( x ) =

+∞

∫ exp(− y )d y . ................. (4)
2

x

The parameter Q can be written as [1, 2]

Q=
( I 0 + I1 ) / (s 0 + s1 ) ................... (5)
where σ12 and σ02 are the corresponding variances for symbols 1 and 0, respectively. The approximate form of BER is obtained by using the

(

)

asymptotic expansion of erfc Q / 2 and is reasonably accurate for Q>3
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Figure 2. The flow chart of algorithm for evaluation of transmission quality in design of WDM
networks
The algorithm that is used for quality check of
WDM transmission is presented in Figure 2. The
proposed algorithm is applicable for a fixed number of channels N. The parameters that can be tuned
are: the bit rate per WDM channel - R (in Gb/s); and
number of amplifying sections K, with EDFA amplifiers. The criteria for ending algorithm that verifies whether the transmission quality is achieved is
the value of BER=10-9. The algorithm consists of
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technics technologies education management

one main and one sub-cycle with a different number of repetitions. Sub-cycle (blue line in Figure
2) refers to the number of optical fiber sections
and number of repetitions of this loop depends on
BER value when changing a number of sections
and maintaining the constant bit rate per a WDM
channel. The main cycle (red line in Figure 2) takes
care on changing the bit rate of signal per a WDM
channel. The sub-cycle for sections is included in
the main cycle and it will be executed 10 times for
each value of the bit rate in the range of 1Gb/s to 10
Gb/s. In the beginning the value of R is set to R=1
Gb/s. After multiplexing with the N channel WDM,
signal comes to an amplifying section (K=1). For
given values of input parameters the value of BER
is calculated. If the condition BER≤10-9 is achieved
then the transmission has a good quality and a number of amplifying sections (K) is increased by 1.
The value of BER is calculated again and the subcycle (blue line in Figure 2) will be repeated until
the BER≤10-9 is reached.
When the condition is not met the algorithm exits
from the sub-cycle because the high quality transmission cannot be achieved with current values of
R and K. After exiting the sub-cycle the bit rate (R)
is increased by 1 Gb/s and algorithm continues by
multiplexing the increased value of R with N WDM
channels. The algorithm begins again with one amplifying section (K), but with larger value of bit rate
per channel. The sub-cycle will be repeated as many
times as it is needed to maintain the condition of
quality transmission when increasing the number of
amplifying sections. After algorithm exits from the
sub-cycle, the main cycle will be repeated again by
increasing bit rate (R) per channel for 1 Gb/s. The algorithm comes to the end if the value of R<11 Gb/s.
The algorithm presented enables determining of
the boundaries of transmission, i.e. for each bit rate
it gives the number of sections to which the transfer
is made with high quality transmission.The algorithm is applied to specific values of the optical fiber
system defined by the ITU G.652 standard [13, 14].
Two systems are observed, the first with 8 WDM
channels, and the second with 40 WDM channels.
The system works in the third optical window and
the frequencies of WDM channels are: first channel
193.1 THz, second channel 193.2 THz, third channel 193.3 THz, and so on. It means that channels
operates at wavelengths of: 1552.524 nm, 1551.721
354

nm, 1550.918 nm, and so on, respectively. The frequency of each channel is separated by 1 GHz.
Table 1. Parameters of the WDM Transmitter
Parameter
Number of output ports
Frequency
Frequency spacing
Power
Extinction ratio

Value
8 and 40
193.1 THz
100 GHz
5 dBm
30 dB

Table 2. Parameters of the EDFA
Parameter

Value
10 dB
15 dBm
10 dBm
4 dB

Gain
Power
Saturation power
Noise figure

Table 3. Parameters of the Optical Fiber
Parameter
Reference wavelength
Length
Attenuation data type
Attenuation
Group velocity dispersion
Third-order dispersion
Dispersion data type
Frequency domain parameters
Dispersion
Dispersion slope
Beta 2
Beta 3
Dispersion file format
Birefringence type
Differential group delay
PMD coefficient
Mean scattering section length
Scattering section dispersion
Self-phase modulation
Effective area data type
Effective area
n2 data type
n2
Raman self-shift time1
Raman self-shift time2
Fract. Raman contribution
Orthogonal Raman factor

Value
1550 nm
70 km
Constant
0.2 dB/km
YES
YES
Constant
NO
16.75 ps/nm2/km
0.075 ps/nm/km
-20 ps2/km
0 ps3/km
Dispersion vs.
wavelength
Deterministic
0.2 ps/km
0.5 ps/(km)0.5
500 m
100 m
YES
Constant
80 μm2
Constant
2.6e-020 m2/W
14.2 fs
3 fs
0.18
0.75

The digital video / audio signals from various TV
studios or outside broadcasting (OB) trucks which
Volume 10 / Number 3 / 2015
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are located at different locations, are usually multiplexing in the WDM multiplexer. Then the multiplexed signal is sent through optical fiber. For every
section of 70 km EDFA is set. The demultiplexing of
video / audio signals is performed in a receiver. On
the receiver side, WDM demultiplexer works on the
same frequencies as the WDM multiplexer.
In Table 1, Table 2, Table 3 and Table 4 provides
values of the parameters analyzed WDM network.
At the receiver BER analyzer is set to determine the
values of BER and Q-factor based on which one can
determine the performance of transmission systems.
By analyzing the results we have determined how the
BER and Q-factor are changing depending on the:
fiber length; number of amplifying sections; number
of multiplexed channels; and the bit rate per channel.
Table 4. Parameters of the PIN Photodetector
Parameter
Add signal-ASE noise
Add ASE-ASE noise
Add Thermal noise
Thermal noise
Add shot noise
Shot noise distribution

Value
YES
YES
YES
1e-021 W/Hz
YES
Gaussian

one. For the bit rate of 8 Gb/s within 8-channels and
40-channels WDM it is possible to transmit signal
only through one section of 70 km, while for the bit
rate of 9 Gb/s or 10 Gb/s it is impossible to achieve
a good quality transmission even in the first section.
Figure 4 shows the eye diagram of 8-channels
and 40-channels WDM transmission systems for a
signal with bit rate of 5 Gb/s for WDM transmitted with different number of amplifying sections
of 70 km. Closed lines represent sectors with BER
values of 10-8 do 10-12. Diagrams for 8-channels and
40-channels WDM network are presented in the left
and right column of Figure 4 respectively. The eye
diagrams in Figure 4 enable comparison of signal
distortions in the 8-channels and 40-channels WDM
system for constant flow and variable number of amplifying sections. With 8-channels of WDM quality
in transmission is lost after 4 sections (280 km) and
for the 40-channels after 3 sections (210 km).

4. Simulation results
The Table 5 provides the values of the parameter BER for different number of amplifying sections and signals at different bit rates for 8-channels and 40-channels WDM system. Based on the
obtained values two graphs were created in Fig. 3a
and Fig. 3b, from which we can see how Q factor
changes depending on the values of bit rate and
the number of amplifying sections for 8-channels
and 40-channels WDM. The dotted line represents
the limit for quality signal transmission. The values of Q below this line are not desirable.
If the limit for good quality transmission is adopted for value of BER equal to 10-9, it can be seen
from the figures that the good quality of transmission is achieved even after 420 km for bit rate of
1 Gb/s, 2 Gb/s and 3 Gb/s in both: 8-channels and
40-chan n els WDM. By increasing the value of
a bit r a te the number of sections over which the
transmitted signal has good quality is decreasing.
In aver a ge, by increasing the bit rate of 1 Gb/s,
the number of amplifying sections over which the
transmitted signal has good quality is reduced by
Volume 10 / Number 3 / 2015

Figure 3a. Dependence of Q factor on the fiber
length in 8-channels WDM system for different
bit rates

Figure 3b. Dependence of Q factor on the fiber
length in 40-channels WDM system for different
bit rates
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Table 5. Page layout description
CH Gb/s
1
2
3
4
5
8
6
7
8
9
10
1
2
3
4
5
40
6
7
8
9
10

1 section
0
2.552·10-239
1.583·10-234
3.289·10-174
5.549·10-150
4.5275·10-53
2.5764·10-21
3.7421·10-10
1.7032·10-6
1.882·10-5
1.0903·10-86
1.9756·10-78
1.0960·10-52
1.5360·10-51
3.7277·10-51
3.0483·10-36
1.8737·10-21
5.0788·10-9
1.2164·10-5
1.7910·10-5

a)

b)
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2 sections
1.874·10-181
7.7319·10-91
3.5741·10-79
4.8186·10-51
3.4551·10-43
5.4823 10-23
2.83124·10-9
7.22019 10-6
1.34188 10-5
5.30688 10-5
8.779·10-48
1.5773 10-39
9.8673·10-37
2.9667·10-35
1.3774·10-28
1.8789·10-13
4.48193·10-8
1.05667·10-5
7.93268·10-5
0.00014668

3 sections
2.4129·10-88
2.6735·10-54
4.7351·10-39
6.0064·10-27
2.9334·10-24
7.8346·10-10
0.00011138
0.00013142
0.00017378
0.00034489
8.4326·10-39
1.0674·10-30
1.0282·10-23
1.5773·10-23
2.3253·10-12
0.00021858
0.00027404
0.00035421
0.00056281
0.00361965

4 sections
2.6749·10-52
1.6572·10-32
3.7621·10-21
3.4681·10-16
8.2718·10-14
0.00064393
0.00068339
0.00090236
0.00194031
1
1.7258·10-27
2.6713·10-25
5.4733·10-18
4.5241 10-16
5.83701·10-7
0.00024019
0.00028598
0.00209141
0.00242455
0.0101509

5 sections
2.0468·10-39
5.0126·10-24
4.1450·10-17
7.2759·10-11
0.00080363
0.00094810
0.00109823
0.00166586
0.00259266
1
1.0287·10-23
1.2471·10-21
2.4897·10-16
2.4114 10-10
0.00013066
0.00078131
0.00129763
0.00220149
0.00300918
0.020564

6 sections
2.0965·10-29
8.2021·10-18
3.5584·10-13
9.71437·10-8
0.00085435
0.00134318
0.00145582
0.00396879
1
1
2.0569·10-19
5.3784·10-18
2.7699·10-12
2.686 10-7
0.00022876
0.00087007
0.00169273
0.00228768
0.00324634
1

c)

d)
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e)

f)
Figure 4. The eye diagrams of 8-channels (diagrams in the left column) and 40-channels (diagrams in the right column) WDM transmission
systems for a signal of 5 Gb/s bitrate for different
number of amplifying sections of 70 km: a) 1 section, b) 2 sections , c) 3 sections, d) 4 sections, e)
5 sections, f) 6 sections.
In the Figure 5 are presented eye diagrams for
constant number of amplifying sections - 6 and
with variable bitrates. Diagrams for a 8-channels
network are presented in the left column and for a
40-channels in the right column.
Differences between the transmission quality
of 8-channels and 40-channels WDM systems can
be best noticed in Figure 6.

a)
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b)

c)

d)
Figure 5. The eye diagram for the WDM transmission system of 6 amplifying sections (420 km)
for the 8-channels (diagrams in the left column)
and 40-channels WDM (diagrams in the right
column) for different bit rates values: a) 1 Gb/s,
b) 4 Gb/s, c) 7 Gb/s, d) 10 Gb/s.
In the figure are presented graphs that shows
the change of Q factor for 8-channels and 40-channels WDM for different transmission length and
for different bit rates. One can see that Q factors
of 8-channels and 40-channels WDM systems
are getting closer as the transmission distance increases. The difference between Q-factors is considerably larger in first section than in further sections. For large number of transmission sections
and large bit rates we can conclude that Q factors
for 8-channels and 40-channels WDM systems are
very close. At one point they are even overlapping
357
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For example, for the bit rate of 5 Gb/s per channel overlap of Q factors is achieved in fifth section
and for the bit rate of 10 Gb/s overlap is already
achieved after second amplifying section.

a)

b)
Figure 6. Dependence of Q factor on fiber length
for the following bit rates.
Based on these results we can conclude that,
despite the fact that 40-channels WDM transmit
more data, at longer distances performance of this
system is significantly degraded compared to the
8-channels WDM system.
5. Transfer of television HD and SD signals
through WDM network
Transmission of uncompressed television signals requires very high bandwidth. This flow is
much greater than the flows supported by modern
VDSL technology. In particular, HD (High defini358

tion) and 3D video signals require high flow rate.
For the transmission of uncompressed HD video
signals at full resolution of 1920x1080 pixels, in
4:2:2 format, a binary flow of around 3Gb/s is
needed, and for 3D video even more. Therefore,
different algorithms are used to compress video
signals. The degree of compression depends on
the algorithm selected (MPEG2 - Moving Picture
Experts Group 2, MPEG4 -, ...) and may vary. Required binary flow, if MPEG2 standard is used for
transmission of HD signal is about 20 Mb/s, and
for the SD (standard digital television) signal with
resolution of 720x576 pixels is about 4 Mb/s. If
the MPEG4 standard is used then for the same image quality as for MPEG2, half bit rate of the signal is needed. The European television stations are
mostly using MPEG 2 standard, but lately they are
using MPEG 4 standard more and more.
In order to transmit more TV signals through
one fiber from different TV studios multiplexing
of video / audio signals is used. The sound is embedded in the video, so both video and audio are
transmitted. In the HD signal the so-called surround sound is transmitted also, which gives the
illusion to a viewer that he/she is in the scene.
In Table 6 are given bit rates of compressed
television signals that are used in practice in the
broadcast, obtained with MPEG2 and MPEG4
standards [15].
Table 6. Bit Rates of Compressed TV Signals for a
Particular Standards.
Standards for
video compression
MPEG-2
MPEG-4

TV video
resolution

Bit rate of
compressed
TV signals

SDTV
HDTV
SDTV
HDTV

2 – 4 Mb/s
15 – 20 Mb/s
1.5 – 2 Mb/s
6 – 8 Mb/s

In the Figure 7 is presented the minimum and
maximum number of TV channels that can be
transmitted per WDM channel of 1 Gb/s depending on compression standard and video resolution
used. The maximum number of TV channels is
calculated for the channels with the lowest bit rates
that compressed signals may have for given standard and resolution, and the minimum number is
calculated for the channels with highest bit rates.
Volume 10 / Number 3 / 2015
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The number of HDTV channels that can be
transmitted in 8-channels WDM network depends
on fiber distance and bit rate per WDM channel.
This dependence is shown graphically in Figure 8
for the standard MPEG-4 and in Figure 9 for the
MPEG-2 standard.

Figure 7. Number of TV channels that can be
transmitted per WDM channel of 1 Gb/s

Figure 8. The number of HD channels in MPEG4 standard that can be transmitted by 8-channels
WDM network for different lengths of optical
fiber and different bit rates per WDM channel

Figure 8 and Figure 9 are identical in terms of
flow and the number of sections that transmit TV
signals. The difference is in the number of TV channels that are transmitted by single WDM channel.
The use of WDM channels of 1, 2, 3 and 4 Gb/s can
be transmitted signal to the entire section of 420 km
with the number of HDTV (High definition television) channels increases with increasing bit rate
per channel for 400 for MPEG-2, i.e. by 500 for
MPEG-4 standard. By increasing the bit rate per
channel the number of sections that transmit signals is decreased. If we use the flow of 8 Gb/s per
single WDM channel, the number of HDTV channels transmitted exceeds 3000 if MPEG-2 standard
is used in only one section of 70 km.
6. Conclusion
We have created the algorithm to study performances of WDM network considering distance
and bit rates needed for the signal transmission
with good quality. We have performed also simulation with concrete values of these parameters.
By analysis of obtained values  for BER parameter
and Q factor it was found how the distance and bit
rate impact on the transmission quality.
When SDTV and HDTV channels are t ransmitted over analyzed WDM network s it can be
concluded that by increasing of bit rate by 1 Gb/s
per WDM channel, the number of HDTV channels increases by 400 for MPEG-2, and by 500 for
MPEG-4 standard. And also, by increasing the bit
rates per WDM channel, the number of sections
over which the signal is transmitted decreases (not
considering the bit rates below 5 Gb/s per WDM
channel). But, if transmission of large number of
TV channels is needed, the transmission distance
must be reduced. It means that t h e number of
TV channels must be reduced in order to obtain
transmission to longer distance. Between these
two cases one needs to choose optimal solution
depending on requirements to be met (longer distance or large number of TV channels) including
the cost of network infrastructure implementation.

Figure 9. The number of HD channels in MPEG2 standard that can be transmitted by 8-channels
WDM network for different lengths of optical
fiber and different bit rates per WDM channel
Volume 10 / Number 3 / 2015
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Abstract
Agile software engineering philosophy encourages informal methods, minimal software engineering work products, overall development simplicity
and active and continuous communication between
developers and customers. Using Object Management Group’s (OMG) Model Driven Architecture
(MDA) in light-weight manner beside utilizing
proven and reusable pattern-based design elements
lead to a practice-based agile modelling methodology along with a collection of values, principles,
and practices for modelling software applicable in
an effective manner and truthful to MDA manifest.
This paper further advances an agile modelling
that uses patterns in architectural, design and component abstractions in the context of MDA to reach
developing models in platform independent level
(PIM) and transforming it to desired platform specific models (PSM) and corresponding codes in
coarse granular and accurate manner. Particularly,
it speciﬁes both structural and behavioral features
of design patterns. The paper discusses representing component patterns using examples. Also, it
introduces a discussion on influence of proposed
method on quality management and managing
software projects concepts and reports a case
study applying the proposed methodology to developing a digital material library. It demonstrates
that the proposed approach improves the quality
of software and enhances management concepts.
Key words: MDA, Agile software development, Component-level design patterns, Design
quality, Managing software projects
1. Introduction
A pattern expresses a relation between a context,
a problem and a solution. Context is the environment in which the problem resides, limitations and
constraints belonging to every contexts provide a
Volume 10 / Number 3 / 2015

collection of requirements or forces that specify the
meaning of problem to that context and efficiency
of related solution. Patterns span broad spectrum of
applications and abstractions (such as architectural,
design, component, data, and interface levels, and
Web application scenarios) [1]. Patterns in automated forms are created by Unified Modelling Language (UML) diagrams in order to help portability,
interoperability and reusability objectives of MDA.
MDA defines three kinds of models: Computational Independent Model (CIM) expressed in business
or domain-specific language and describes usage
of system and not its implementation. The PIM
describes construction of a system without considering any technology and platform related issues.
The PSM describes construction of a system from
a particular platform perspective. Transformation
from a PIM (an abstract model) to a PSM (a more
concrete model) as the heart of MDA helps to create applications that can be deployable in multiple
target environments.
Available methods [2, 3, 4, 5, 6, 7, 8, 9, 10,
11, 12, and etc.] are concentrating in fine granular structural elements transformation and less on
functional aspects. But procedural characteristics
constitute huge part of an application and pay attention to this attribute aid to reach to MDA manifest.
There are huge numbers of common procedures
in extensive software application that is catching
in the form of component patterns. Component
level design patterns such as search box, advanced
search, help wizard, booking, form and etc, provide
proven solutions describing one or more sub-problems and focus on some concrete functional (procedural) elements of a system. This paper suggest
a new method for documentation and component
pattern automation to precipitate coarse granular
MDA transformation using patterns specially of
procedural aspects and also discuss the position of
component pattern in implying functional require361
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ments of software, component pattern automation
in the context of agile MDA and their role on transformation from PIM to PSM.
The remainder of the paper is organized as
follows. Section II reviews related work and discusses the problems associated with them. Section
III describes a three step transformation using patterns to create a context to represent our idea to
show developing a software using composition of
pattern in different abstractions and transformation
between PIM and PSMs using pattern. Section IV
illustrates how component patterns procedural behavior can be captured using sequence diagram
and using it to transformation in component level
in agile MDA through a case study.
In Section 2 recent related works are presented.
Section 3 introduce proposed approach using a
three step transformation and continue with transformation in component level in section 4. Section
5 discusses the advantages of representing component patterns using sequence diagram and section
6 discusses the influence of proposed method on
quality management and managing software projects concepts through a case study. Finally section
7 conclude the paper by illustrating an outline of
the study.
2. Related work and associated problems
Major software developing companies are interested in practical ways of reusing patterns. This
also encompasses design pattern automation. This
makes users free of starting from scratch by writing customized design pattern model or code. Using pattern composition as an approach to developing software is discussed in majority of papers.
But, the originality of this paper in using patterns
in different level especially in component level
under agile MDA process to developing software
as well as using patterns to acquire coarse grained
transformation between PIM-PSMs and between
PSM-Code is not considered. Following contain
some works in modelling patterns that is essential
to MDA practices.
Some recent research efforts include design
patterns using modelling (as a set of features within its program code structure and/or run-time behaviors) and meta-modelling (as a set of features
of the models themselves) approaches [4].
362

Modelling approach: Gamma et el [2] illustrated
each design pattern with an OMT class diagram,
Guennec et al [5] extended the UML meta-model
to incorporate collaboration occurrences and to use
the Object Constraint Language (OCL) to constrain
the collaborations, Mak et al [6] deﬁne the notion of
collaborations by extending UML to action semantics. Taibi et al [7] formalize structural features as
relations between program elements, specify postconditions with predicate logic and describe the desired behavior with temporal logic, HEDGEHOG
(Blewitt et al [8]) and PINOT (Nija Shi et el [9])
are two of dozens of tools have been developed to
recognize patterns by analyzing source code.
Meta-modelling approach: Elaasar et al [10]
propose a pattern modelling framework (PMF) by
extending the Meta object facility (MOF) to deﬁne
a meta-modelling language called Epattern to
specify patterns in any MOF-compliant modelling
language at the M2 layer, Eden et al [11] introduced the visual notations and the underlying ﬁrstorder logic language and referred to as LePUS3
and Class-Z, respectively. A tool has been implemented to extract information from Java programs
and represent it in the form of LePUS3 diagrams,
Maplesden et al [12] define Design Pattern Modelling Language (DPML) to model design pattern
solutions as a collection of participants, representing structural features such as classes and methods, plus associated constraints and dimensions.
In general, using these approaches to model
patterns in different level of abstractions (architectural, design and component (procedural) suffers from several drawbacks. First, meta-models
are difficult to understand. This is partly solved
in RBML, DPML and PDL by but the semantics
for these are complex and informal and extensive
training is required to use by developers. Secondly,
graphic meta-models are ambiguous as all UMLbased languages are, since UML is itself informal.
Thirdly, it is difficult to use them as a communication mechanism for technically unsophisticated
customers especially in agile methods.
Finally, these modelling approaches do not
have sophistication to present procedural elements
of component patterns and correctly transform entire model using patterns.
This work proposed a method and guidelines to
model component patterns using sequence diagram
Volume 10 / Number 3 / 2015
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to help agile teams to design PIM using template patterns in all abstractions and transform it to any PSM
and corresponding code in coarse granular manner
(which a big picture is provided in Figure 1).
3. Three step transformation using patterns
work
To show indispensable impact of component
patterns in realization of MDA manifest and to create a context, a three-step composition and transformation using patterns for transforming models
are suggested that are implemented using patterns
as seminal base in model (software) development
and transformation. Coarse granular transformation
using patterns can be done in stepped manner like:
1. Transforming architectural patterns,
2. Transforming design patterns,
3. Transforming component patterns.

Figure 1. Coarse granular transformation using
patterns in different abstractions, domains with
three-step transformation
3.1. Transforming component-level design
patterns
Design begins with a consideration of architecture that is manifested in all modelling aspect (analysis, design), diagrams and decisions. Structures
that are defined as part of architecture influence every design decisions that evolve from them.
Subject matter not regarded in transformation is
the consideration of overall structure of application.
In these kinds of transformations, a number of transVolume 10 / Number 3 / 2015

formation rules are used to transform fine granular
elements together (Figure 2), whereas considering
overall architectural pattern of source model lead
to use equivalent and peer patterns in target model.
This leads to accurate, correct, valid and complete
realization of target model in an unbelievable speed.
The architectural genre will often dictate the
specific structure to the software that must be
built. Within each genre, you encounter a number
of general styles. Each general style consists of a
series of more specific styles. Each style would
have a structure that can be described using a set
of predictable systems and patterns.
For example devices, financial, operating systems, platforms, scientific, and tools establish a
context to foster architectural genres for softwarebased systems [3].
Having a recognized architectural style is the
most important quality factor of software. Each
genre represents a unique challenge. For example
computer game genre requires the computation
of intensive algorithms, sophisticated computer
graphics, streaming multimedia data sources, real-time interactivity via conventional and unconventional inputs, and a variety of other specialized concerns. Transforming Element by element
between different models is a fragile work which
requires great expertise and sophisticated tools in
order to preserve computational and quality matters of source model in the target side. This study
opt for a heuristic approach by recognizing source
architectural pattern and selecting peer architectural template to enhance the quality and granularity of the transformation in bidirectional manner and eliminate omission and ambiguity. The
following approaches automate development of
particular architectural styles and transformation
in architectural level and must be applied in any
framework which transforms using patterns.
1. UML profiles that enrich UML to the
specific architectural style.
2. Automated (pre-modelled or implemented)
architectural pattern structures that apply
best solutions to repeated problems for
specific architectural style.
3. Transformations that generate implementation
artifacts and other work products by
distinguishing source architectural style and
relate it to target structure.
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Figure 2. Fine granular transformation between models using transformation rules
The COTS (Commercial Off-The-Shelf) MDA
framework, enterprise or program-wide MDA
framework and project-specific MDA framework provide the scope of an MDA framework
that automates construction of an architectural
pattern. Therefore for software modelling using
patterns and transformation based MDA, the approach pursued in this study is to develop pattern
templates in multiple granularities (architectural,
design and component) in PIM, PSM and Code
levels to achieve aforementioned goals.
3.2. Transforming design patterns
The design patterns are used to construct the
inner part of the software architecture. This kind
of patterns are proven solutions to the less broad
design problems than architectural patterns. Multiple pattern literature [13, 14, and 15] and pattern
automation tools [8 and 9] document reusable design patterns for specific software domains. Such
practices and documents help to creation and composition of patterns to construct a design model
to software. In this way, design patterns provide
proven solutions to design problems in divide and
conquer style. A problem space is decomposed
into a set of primitive sub problem, and then primitive patterns are used as solution spaces to address aforementioned sub problems. The final solution for the initial problem is achieved through
composing the primitive solutions in overlapping
364

manner. The result is a dense solution. To track the
patterns between models after transformation, pattern documentation mechanisms are used to register the name, role and relation of patterns to each
other to realize the MDA manifest.
Transformation in design level requires distinguishing design patterns in PIM, transforming it
to a particular PSM and next transforming it to a
platform specific code. Development tools can implement this approach using pattern repository that
contains patterns in multiple granularities, domains
and MDA levels. The tool allows the developer to
select design patterns for the PIM under construction and as well as the appropriate platform for the
PSM. Then the equivalent PSM and code is generated simultaneously using the repository. Target
platform can be changed in any step of development. The tool must tolerate this change and preserve consistency among PIM, PSM and code.
4. Transformation in component level
The component patterns represent partial specification of a series of applications with the ability of reapplying to a similar problem within the
different application domains. It can capture a localized function or aspectual requirements (crosscutting concerns) that have an impact across the
software architecture.
Architectural pattern influence the software
design as well as component patterns inside it beVolume 10 / Number 3 / 2015
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cause the structures and dynamics of design and
component patterns obey the overall structure and
constraint of architectural style that define how
parts can be integrated to form the system.
By constituting a software using component
patterns as major parts of design model of a software in the form of a MDA approach will create a
software development method with characteristics
of well-designed agile process that allows a software team to accommodate changes in architectural level late in a software project without dramatic cost and time impact.
The component patterns as tiniest patterns show
the functionality of a recurring scenario which are
extracting from the requirements model and then
are presenting in narrative and pseudo code forms
[1]. Unfortunately informal presentation of design
elements prevents them to be utilized in model
driven development. On the other hand, from system perspective, capturing flow of actions to fulfill
a use case leads to dramatic improvement in component reuse and maintenance factors.
The main objectives of this study of transformation in component level comprise:
1. Increase in the quality of requirements
specification.
2. Provide a method to develop a PIM of a
system through reuse of component patterns.
3. Implement the whole MDA for a software
through connecting component-level patterns
which all together compose the PIM of
the software to their peer pre-developed
component patterns in a PSM and then repeat
this scenario between PSM and Code.
The UML provides two different models for representing scenarios: Activity diagram and sequence
diagram. The Activity diagram is similar to flowchart. It shows dynamic behavior of a scenario (use
case) through the flow of control between activities.
It implies the user’s view of the system. Figure 3
represents an activity diagram for Booking component-level design pattern. The Booking pattern has
been appearing in developing of several business
applications. It is used to order or reserve products/
hotel/car/flight or etc. This shows that componentlevel design patterns not only can be reused in a
similar applications domains but also can be reused
in different application domains.
Volume 10 / Number 3 / 2015

Automation of a component-level design pattern needs a more precise presentation of objects
involved in the pattern especially from the system
viewpoint. The figure 4 shows the typical process
for the Booking component-level design pattern.
Dynamics of booking of flights, cars, and hotels,
ordering products and even student’s course add/
remove scenario are similar (share a lot of logics
in common). Therefore in figure 4, it is tried to
present the dynamics of the Booking pattern in a
way that can encompass the shared points of all
different applications of the booking. This is what
we call it the special representing style of a component-level design pattern which is the key of the
success of this study. This form of representation
makes the reuse and transformation process of a
component-level design pattern straightforward. It
is tried to draw a relatively self-descriptive flow
in figure 4 for Booking pattern. The diagram is
devoid of any manual and non-systematic action.
Therefore the result is a design model from which
the code equivalent of behavioral representation
of the pattern can easily be extracted. It also contains a flow into e_payPattern component-level
design pattern which is a popular component pattern to handle electronic payment process.
Hence in this study the component-level design
pattern is presented in the form of interaction of
objects. The objects are instantiated from template
classes forming a component-level design pattern.
These objects are collaborated all together to ease
reusing a pattern in myriads of similar applications.
It shows messages sent between objects to accomplish the execution of a use case (component-level
design pattern). The message are arranged in order
of occurrence. The sequence diagram for Booking pattern complies with “Three-layer application” architectural pattern as its overall structure.
All classes contributing in the scenario abide this
organization. It encompasses three boundary class
including pOps (Operations page), pSearch (Search
page) and pInvoiceRep (Invoice Report page).
These boundary classes capture human-computer
interaction using different metaphors (e.g., a picture
box, a drop down list, and etc.). The diagram also
contains a control class called cBooking_Order
(Booking/Order control class). The cBooking_Order includes the attributes and operations required
to implement some element of the business domain
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[1] and software management and control functions. These facilities enables the system to manage required operation and communication in and
out of its computing environment such as electronic
payment system. The diagram also encompasses
four entity classes to carry out data access operations including: eUser (User information entity),
eItemsLinks (a list of links to ordered items’ detail),
eUserPrfs (User’s preferences entity), and eUserShBox (User’s shopping box). The flow presented
in the diagram shows the effects of events risen by
user’s interaction and also procedure to fulfill this
key and complex use case. This style of representing a component-level diagram through proposed
sequence diagram format provides a special level of
formality to diagram so that eases extracting code
from the resultant sequence diagram.
5. Discussion on representing component
patterns using proposed sequence
diagram format
The figure 4 is a procedural PIM that depict a
cross domain process of booking routine. Following results can be inferred from proposed representation method:
1. The diagram depicts the specification of
user interfaces, data objects flowed into and
out, and controls as metaphors of user’s
commands. Therefore, in the first step it helps
an agile team to determine the layout of the
required user interfaces for each use case.
2. The proposed approach to model sequence
diagram shows the interaction between objects
in a way that this communication follow
a relationship constraint between classes,
subsystems and layers given in a particular
architectural pattern. As a consequence, it
automates changing architectural model of
an application dynamically in PIM and its
corresponding PSM and code levels using
model transformation tools. We recommend
employing architectural profiles and
assigning appropriate stereotypes to classes
for specifying the role of each class within
its corresponding subsystem or layer in the
architecture. Stereotypes in this manner
plays the role of marking in transformations
between models and between different
366

architectural patterns within a modelling level
(PIM to PSM or PSM to code and vice versa).
3. The PIM presentation of a component-level
pattern have the ability of saving as template
UML pattern and can be transformed to
desired PSM representation and its analogous
code and saved in repository of the tool. This
creates a huge chunk of ready to reuse models
in different levels of MDA. Whenever
designer selects a component pattern in PIM
level, transformation tool can add its pre-saved
PSM and code corresponding. Such kind of
agile and errorless transformation results in
voluminous granularity and contributes to
MDA bidirectional transformation.
4. Using a logical aggregation of component
patterns which are belong to a specific domain
pattern language, an agile team can achieve
whole design elements including data model
and class model, architecture design, UI design
and component design. Therefore an entire
PIM model and consequently agile MDA can
be obtained. Such approach allows us to have
characteristics of both agile development and
MDA features. For example figure 5 shows
the partial parameterized class diagram and
architectural organization of a system which
uses Booking component pattern. This pattern
also can be reused in similar applications.
Such reuse can be enhanced through
refactoring by which design is simplified in
a way that original behavior of component
patterns do not alter. Simultaneously using
repository of predefined templates of patterns
overall quality of the system improves on
which redundancy, unused design elements,
inefficient or unnecessary algorithms, poorly
constructed or inappropriate data structures,
or any other design defects are removed.
Another point that must be taken into account
is ability of this representation to embed a
desired architectural style. It brings solidity
to system and integrates all elements in a
form of a predictable organization.
5. Our method of representing component
pattern using sequence diagram eases
extraction of event-based, and objectoriented code. It requires specifying objects
and message details in a way that eases its
Volume 10 / Number 3 / 2015
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transformation across models and platforms.
Using top to down timing of sequence also
makes it easier to transform model to code.
6. Conducting component-Level design for
component patterns results in extracting
important information as followings:
○ Identifying all classes that contributed to
component pattern implementation
○ Specifying message details
○ Identifying appropriate interfaces for
each component
○ Elaborating attributes and define data
types and data structures required to
implement them
○ Describing processing flow within each
operation in detail
○ Refactoring each component pattern
representation to reach more accurate
design in PIM and associated PSMs.
Therefore, storing proven pattern repository
-high-quality reusable components- allows
designers to develop applications through
patterns integration. It makes free developers from performing all steps to produce such
kind of design models and codes from scratch.
7. The Component-level pattern can encapsulate functionalities in different level of
complexities such as sophisticated domain
processes, lower-level business functions,
software management procedures, and control
functions. According to the Pareto principle
(the vital few), capturing workflows of highcyclomatic complexity using component-level
patterns results in effective reuse scenarios.
It indispensably reduces cost of associated
process frame-work and umbrella activities
required to develop such components and
prevents designing from the scratch.
8. Documenting component-level patterns
increases the amplitude of pattern vocabulary. Such vocabulary provides unique
names for patterns by which team members
have shorthand for evaluating and describing
software design in both structural and
behavioral aspects. It prevents time
consumption about understanding issues
like architecture, procedural aspects, and the
knowledge and experience embedded within
these design ideas.
Volume 10 / Number 3 / 2015

9. Component-level pattern across also include
aspectual functionalities (as representations of
crosscutting concerns). To document component-level aspectual patterns, it is required to
consider software engineering practices to
apply aspect-oriented concepts as followings:
○ Advice (additional behavior as model)
○ Join points (in PIM, PSMs or codes levels)
○ Quantification or query called pointcut
(that detects whether a given join point
matches)
○ Weaving advices with target models
6. Discussion on influence of proposed
method on quality management and
managing software projects concepts
To asses how proposed approach affects the
quality of software and software project management concepts, a case study named Digital Materials Library (DML) is developed. First, it is implemented using conventional OO modelling and
constructing practices. Then, it is inspected for
competency for proposed methodology, agile pattern based MDA. However as developing a tool
to the proposed approach was time consuming the
modelling and transformation is performed using
existing tools and sometimes manually.
DML is a software which helps members to
search and book their digital materials. Then they
can download or get the booked materials from library center in digital optical disks or other kind of
portable memories by presenting a reference number of the order. Primary services are listed below:
– searchMateril: To search digital materials
– advancedSearchMat: Provides advanced
options to search digital materials
– bookMat: To book digital materials
– changeBook: To change the order
– cancelBook: To cancel the order
– printBook: To print the ordered staffs
– matComparisons: To compare different
materials
– matAdvisor: To advise similar materials
– matSourceLocator: To locate the library
which stores the material
– DisplayMatVirtually: To show the material
from different views
367
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Figure 3. Activity diagram for booking component pattern
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Figure 4. Sequence diagram for documenting booking component pattern using proposed guidelines
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Figure 5. Partial class Diagram extracted from a system which uses Booking component pattern and
a desired architecture representation
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The system also provides secondary services
including:
– Registration: To register a new member
– changeMembershipInfo:
To
change
membership information
– newMaterial: To add a new material
– updateMat: To update the information of a
material
– newCategory: To add a new category of
materials
– updateCat: To update the information of a
category
– newsBox: A news box about the digital
library
– hotlist: A hot list
– helpWizard: A help Wizard
– FAQ: A FAQ page
All services have the adequacy of modelling
as component patterns in PIM, targeted PSMs and
corresponding code. Therefore, a DML system
can be developed using proposed agile pattern
based MDA. Such projects requires a repository
of template component patterns in PIM, chosen
PSMs and analogous code representation. Subsequent discussion and table 1 and table 2 show
the result of applying modelling guidelines introduced in this study to develop the DML system.
The numbers represent the influence of proposed
method on quality management and on managing
software projects.
6.1. Influence of the method on design quality
goals, attributes and metrics
The design quality is one of SQA pragmatic
goals which is achieved through applying some
SQA actions [1]. The level of quality attribute on
following attributes:
– architectural integrity: The existence of
architectural model
– component completeness: The number of
components that trace to architectural model
and Complexity of procedural design
– interface complexity: The complexity of
procedural design and layout appropriateness
– Software patterns: number of patterns used
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As discussed in section 4, proposed format for
presenting component pattern organizes collaborating objects in a component pattern in a proven architectural pattern. The three-layered architectural
pattern is infused to both diagram presented in figure 4 and to the all component patterns used in the
case-study. To provide better user experience, the
solution also employs appropriate UI patterns.
6.2. Comparing the effect of the proposed
method on enhancing process-based effort
The most common technique for calculating
effort required to develop a software is to examine the process used. It begins with delineation
of software functions obtained from the project
scope. Next step is to identify and allocate the series of process framework and umbrella activities
which must be performed for each function [1].
Table 1 demonstrates the efforts (in terms of person-months) done to develop services as well as
corresponding activities to realize the case study.
The result shows that total effort of 49.2 through
conventional object oriented process.
In contrast, table 2 demonstrates efforts dedicated to develop services and corresponding
framework activities using proposed approach.
Framework activities in MDA which our process
is based on it is different from activities of conventional process models. It encompasses CIM
to model requirements, PIM to design using our
proposed domain-specific language (DSL), transformation from PIM to PSMs, design (refactoring) PSM, transformation from PSMs to codes,
and Test. According to the results, effort required
to analysis using proposed approach is less than
conventional OO analysis – as CIM component
patterns is used to communicate with stakeholders and this transmit more information than conventional analysis methods. The consequence is
agilely modelling the requirements. The selected
component patterns in CIM also directly repeated
in PIM in platform-independent design format.
Designing the PIM of the case study is also done
in agile manner as the resultant system is a composition of component patterns. The component
pattern constituting the PIM, partly are transformed from CIM and partly are adapted from the
repository of component patterns in PIM format.
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Similar to mapping between CIM and PIM, the
chosen component patterns in PIM also is also
simultaneously transformed to chosen PSMs and
corresponding codes. As discussed in section 4
the coarse granular transformation between different models reduces the cost and effort required
to develop the system. The values under the PSM
and Code levels represent tailoring activities that
developers perform to grasp high quality solution out of tough automatically generated models.
Comparing values in two tables represents enhancement in metrics using proposed approach.
7. Conclusion
In this paper, we presented an agile approach
both for developing software and for transforming
between models of MDA using component patterns. It not only expedites software developing
but also preserve some informality to ease com-

munication among stakeholders of the project according to agile processes. The approach proposes
capturing component patterns in addition to other
granularity of patterns in all abstractions of MDA
such as PIM, PSM and code levels. Because it
more than customary MDA methodology speeds
up the software development using pattern composition and transformation in light-weight manner.
The study also introduces guidelines to automatic
tool support for applying patterns at all stages of
MDA developing process. The advantages of the
approach are demonstrated by examples, justiﬁed
by case studies and experiment results. For future work, we will further develop this process to
support software development in all architectural
genres and domains and also different platforms.

Table 1. Efforts done to develop services and related framework activities using conventional OO process
Activity
Task
Function
searchMateril and advancedSearchMat
bookMat,changeBook, cancelBook, and printBook
matComparisons, matAdvisor, matSourceLocator,
and DisplayMatVirtually
Registration and changeMembershipInfo
newMaterial and updateMat
newCategory and updateCat
newsBox, hotlist, helpWizard, and FAQ
Effort

Engineering

Construction, Release
Totals

Analysis

Design

Code

Test

1.2
2.1

2.5
4.4

1
3

.6
1.6

5.3
11.1

2.4

5.1

4.2

2.1

13.8

0.9
0.8
0.6
1.8
8.6

1.7
1.4
0.9
3.1
19.1

1.3
1.1
0.7
2.3
13.6

0.7
0.8
0.5
1.6
7.9

4.6
4.1
2.7
8.8
49.2

Table 2. Efforts done to develop services and related framework activities using proposed approach
Activity
Task
Function
searchMateril and advancedSearchMat
bookMat,changeBook, cancelBook, and printBook
matComparisons, matAdvisor, matSourceLocator,
and DisplayMatVirtually
Registration and changeMembershipInfo
newMaterial and updateMat
newCategory and updateCat
newsBox, hotlist, helpWizard, and FAQ
Effort
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Engineering
Analysis Design

Construction, Release
Code

Test

Totals

0.7
1.3

1.7
2.8

0.7
2.1

0.4
1.1

3.5
7.3

1.4

4.0

3.6

1.4

10.4

0.4
0.3
0.3
0.7
5.1

0.7
0.6
0.4
2.3
12.5

0.7
0.6
0.4
1.6
9.9

0.4
0.5
0.2
1.1
6.1

2.2
2
1.3
5.7
32.6
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Abstract
In this paper we study two main purposes; first,
comparing pavement analysis by finite element
method by ABAQUS software and theory of multilayer system by KENLAYER software. Second,
finite elements of pavement analysis and studying
the effect of isotropic material features in pavement
reactions to load. In this work we found that the results of analysis in finite elements are most appropriately complied with results came from theory of
multi-layer system and there is no significant difference among the mean values in both techniques in
the first purpose. The results show the anisotropic
property of materials does not significantly influnce
magnitute of pavement displacement under traffic loads but significantly influences magnitude of
tensile strain. Thus it is recommended to consider
anisotrapic properties of materials when modeling
pavement structurs in second purpose.
Key words: Flexible Pavement: Finite Element: Cross - Anisotropic: KENLAYER:
ABAQUS.
1. Introduction
The method which is used for pavement analysis should properly address loading and environmental factors on performance of pavement structure. Flexible pavement consists of subbase course
and base course materials including HMA materials which are proven to be anisotropic. Soil particle oriantation after compaction is the major factor
for anisotropic behaveior of stabolized and none
stabolized pavement materials [1, 2] Therefore,
anisotropic characteristic of soil is a phenomenon
that depends on the degree of compaction [3]. Tutumluer in his research study concluded that induced stresses due to compaction is another factor that influences the degree of anisotropic in soil
materials. Stress due compation of pevement layer
374

as well as traffic loading cause soil particle to slide
over each other and change orientation. This may
fracture soil particles in to pieces and prone anisotropic behavior of the soil [4]. Tutumluer et al.
have shown that how modulus of elasticity of soil
structure chageswith oriantation of soil particles.
Thus modulus of elasticity in horizontal direction
may be smaller than it is in vertical direction, if
this fact is not considered in analysis of pavement
structure, stress induced in materials may not be
realistic [5]. Researches on anisotropic behavior
of subbase and the base coarse materials of pavement system have shown that for presentation of
behavior of these materials it is more appropriate
to characterize these materials as anisotropic, and
also consider the stress sensetive [6, 7 ,8, 9 , 5] .
In cross-anisotropic modeling of pavement system
with finite element method, it is of utmost important to have correct values of input parameters if
modeling the system as anisotropic system. International center for aggregate research (ICAR) has
provided a methodology to determine correct values of these parameters [6 , 10, 11] .
Asphalt concrete mixture consists of aggregates, bitumen and fillers materials. Since aggregates have anisotropic behavior, thus asphalt
concrete must also have anisotropic behavior [12].
Bitumen is an adhesive homogeneous material
which decreases anisotropic behavior of asphalt
concrete mixture . The results of many researches
about anisotropic properties of asphalt concrete
have shown that asphalt concrete is a material with
anisotropic behavior. Wagoner and Braham studied about anisotropic behavior of asphalt mix in
low temperatures; after performing tests of determining complex modulus, creep compliance and
tensile strength, they arrived to a conclusion that
asphalt concrete has anisotropic behavior in low
temperatures; however, tensile strength of materials is not dependent to direction [13] . Heidari who
Volume 10 / Number 3 / 2015
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performed many tests in this field showed that
anisotropic properties of asphalt concrete decrease
at high temperature [14]. According to conducted
researches, the influence of pavement anisotropic properties on critical responses of pavement
structure has not been well determined. One of the
short comming of the most researches sited in this
study is that majority of these research studies are
not coherent, since anisotropic effect of soil and
asphalt layers are not considered jointly. In this paper for predicting critical responses of pavement
sructure, anisotropic properties of soil and asphalt
layers are considred simultaneously.
2. 3D Finite Element Model and Validation
The commercial software ABAQUS version
6.11 was used for 3D FE modeling of the pavement system. Al-Qadi et al. measured pavement
responses to the new generation of wide-base tire
at the Virginia Smart Road [15] Measured stresses
and strains were used to investigate the effect of
different adoptive parameters on pavement response analysis [16, 17, 18]. All pavement models
simulated the same pavement design: Section B at
the Virginia Smart Road.
In FE model, the width of all layers is considered equal to 3650 mm according to their executive
structure of pavement. Selection of the element type
is a very important step in FE modeling. ABAQUS

provides a wide range of element library. Earlier
research successfully utilized the eight-node, linear
brick element for pavement responses analysis. To
improve the rate of convergence, eight-node linear
brick elements with reduced integration (C3D8R)
were selected with variable thicknesses. The generated 3D mesh was designed to give an optimal accuracy with finer elements in regions that required
detailed for load modeling and relatively larger elements far from the loading area. Figure 1. shows the
general layout of the developed 3D FE model. The
large size of the elements in the model is 1.231 m,
and in the loading region is 0.02053 m (fine mesh
in loading region and coarse mesh far from it). The
fine meshed in loading region is shown in Figure 2.
The total number of elements are 108630 and the
mesh convergence study was executed to find this
optimum number of elements.
Two main purposes are addressed in the study;
first, comparing pavement analysis by finite element method by ABAQUS software and theory of
multilayer system by KENLAYER software and
second, finite elements of pavement analysis and
studying effect of isotropic material features in
pavement reactions to load.
In the first purpose, all layers are modeled by
linear elastic and in the second purpose, all pavement layers were modeled and analyzed in both
isotropic and cross- anisotropic systems.

Figure 1. 3D FE Model
Volume 10 / Number 3 / 2015
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rial constants of the Cross-Anisotropicelasticity are
Ev, Eh, υhh and Gvh. Where Ev and Eh are elastic
modulus in vertical and horizontal directions respectively; υvh and υhh are Poisson’s ratios for vertical-horizontal and horizontal-horizontal responses
respectively; and Gvh is the shear modulus along
the vertical plane. The Hooke’s Law for the CrossAnisotropic case can be expressed as follows:
. ........(1a)
........ (1b)

Figure 2. Fine mesh in loading region
2.1 Material characterization for modeling
elastic and isotropic system
Material characterization of paving materials were obtained using nondestructive testing of
pavement layers as well as laboratory test results
of section B of the Virginia Smart Road headed
by [15]. The elastic moduli of subgrade were calculated using the falling weight deflectometer
(FWD) deflection basin. The back-calculation
software MICHBACK was used. The FWD tests
were performed after the completion of each layer.
The calculated subgrade modulus was then used in
ABAQUS as a seed value to determine the elastic
moduli for other layer [OGDL], (cement-treated
base, and granular subbase). The resilient modulus
test of HMA was performed at temperatures 25°C.
The results are presented in Table 1.

..........(1c)
Where Δex , Δey , Δez are normal strain increments and Δsx , Δsy , Δsz are normal stressincrements.
It is used the relation of m= , m= , n=
Because of extent of parameters and simplification in ABAQUS software, whereas:

2.2 Material characterization for modeling
anisotropic system
In orthotropic elasticity, there are five material
constants. However, the general anisotropic elasticity has 21 material constants and isnot realistic
for modeling and characterization. The five mate-

............................ (2)
In the study, the analysis was done for various
modulus ratios (n = = 0.5, 0.6, 0.7, 0.8, 0.9, 1).
In many researches, the parameter m has been

Table 1. Back calculated Pavement Moduli
Layer
Surface Mix(SM)
Base Mix (BM)
OGDL
Cement Stabilized Base
Aggregate Subbase Layer
Subgrade
376

Layer Thickness (mm)
38
150
75
150
175
Infinite

Young’s Modulus (MPa)
4230
4750
2415
11000
310
262

Poisson’s Ratio
0.33
0.30
0.30
0.25
0.35
0.35
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considered from 0.35 to 0.40; in the study, this ra=0.40).
tio is considered as (m =
In the study, the 3D FE models were developed to simulate the “exact” loading pattern for
the wide-base tire (455/55R22.5) configurations
(figure 3). During the movement of the load, the
stress transmitted to the pavement varies and is
expected to be maximum at the center, and minimum at the edges. Two approaches were considered to simulate the longitudinal stress distribution
underneath the tire. The first method was based on
the modeled stress distributions if a two-contact
body was simulated. These data were provided
by the manufacturer for the different tire assemblies investigated in this paper. Figure 4. illustrate the distribution of stress as determined by
the manufacturer for the wide-base and dual tires,
respectively. As shown in this figure, the stress
is estimated to be relatively constant throughout
the length of the tire footprint and drops sharply
at the edges. The second method considered the
measured vertical stress in the field at the vicinity of the surface (depth =38.1mm) as representative of the longitudinal vertical stress. In this case,

vertical stress measurements at the Virginia Smart
Road at the bottom of the wearing surface for the
wide-base was discretized in to small rectangular
shapes. The vertical stress was first normalized
with respect to the maximum-recorded value. The
normalized vertical stress was then multiplied by
the average tire pressure measured on each tire
tread. The maximum pressures were utilized in
the maximum segments of the normalized histogram. Figure 5. illustrate this modeling process
for the wide base tires, respectively. It should be
noted that the loading time was found to increase
with depth and that considering the loading time
at a depth of 38.1mm representative of the surface
loading time may involve some approximations.
The advantage of the second method over the first
one was that the measured vertical stress was the
resultant of the entire stress field at the surface,
and represents the actual transmitted stress to the
pavement. In contrast, the first method requires
simulation of the lateral stresses (longitudinal and
transverse) to be completely accurate, which was
not considered in this paper.

Figure 3. Modeled type Tire and Contact Area
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Figure 4. Vertical Contact Stress Distribution as
Predicted from Numerical Simulation
The developed FE models were calibrated and
validated using measurements obtained during the

experimental program at the Virginia Smart Road.
The experimental results were shifted to a reference temperature (25°C) based on shift function.
Figure 6 compares the measured and calculated
longitudinal strains at the bottom of HMA at 24.1
km/h. The tire inflation pressure was kept constant
at 720kPa during testing [16] . The FE model’s results were in good agreement with field measurements. It appears that the developed 3D FE model
is capable of predicting pavement responses at
both simulated loading amplitudes.

Figure 5. Measured Load Amplitude Function for the Wide-Base Configurationsadial

Figure 6. Comparison between Measured and Calculated Longitudinal Strain at the bottom of the
Wearing Surface
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3. Numerical Results
In the first purpose, comparing ABAQUS
and KENLAYER elastic, three parameters have
been considered as amount of load due to passing vehicles, elasticity modulus of subgrade and
elasticity modulus of other layers. The amounts
of stress, strain and vertical displacement gained
by two ABAQUS and KENLAYER software
have been compared statistically. In the second
purpose, By considering three important parameters as variable such as amount of load due to
passing vehicles and their speed and also elasticity modulus of subgrade, amount of stress, strain
and displacement has been gained in 120 different
conditions of pavement by finite elements method
and ABAQUS software result in isotropic and
anisotropic modeling. Then amount gained from
analysis of stress, strain and displacement and also
analysis of failure was used statistically by SPSS
software. Different parameters are used in statistical analysis such as significant parameter and regression for controlling. Significant parameter is
a scale for being significant of relation between
variables; in a model which its variables have a
logical relation, this value should be always lower
than 0.05. If the difference between two parameters is not significant, value of significant parameter will be more than 0.05. This part is consid-

ered to analyze the results of analysis and design
of pavement by SPSS software statistically.
3.1 Statistical analysis of pavement
In direction of the first purpose, comparing
ABAQUS and KENLAYER elastic, statistical
analysis was performed between stress, strain and
the displacement by T test in SPSS software that
this analysis has been shown by tables 2, 3 and
4. As seen in the tables, The amount of stress is:
{T(395.87) = 0.251 , P>0.05} and strain: {T(398.9) =
2.781 , P>0.01} and also vertical displacement is
{T (198.1) = -1.922 , P>0.05}. Therefore, we conclude
that differences of average stress in ABAQUS and
KENLAYER software are not significant and also,
differences between stress and strain in both softwares are not significant in any level (figure 7).

Figure 7. Mean value

Table 2. T-TEST related to Stress
Software
KENLAYER
ABAQUS

N
200
200

Mean (KPa)
244.9
238.5

Std. Deviation
246.9
265.7

Std. Error Mean
17.4
18.8

T
0.25

df
395.9

Sig
0.802

Std. Deviation
0.000032
0.000032

Std. Error Mean
0.0000023
0.0000022

T
2.78

df
398.9

Sig
0.030

Std. Deviation
0.045
0.052

Std. Error Mean
0.005
0.005

T
-1.92

df
198.1

Sig
0.056

Table 3. T-TEST related to Strain
Software
KENLAYER
ABAQUS

N
200
200

Mean (m/m)
0.00005
0.00004

Table 4. T-TEST related to Displacement
Software
KENLAYER
ABAQUS

N
200
200

Mean (mm)
0.128
0.141

Table 5. ANOVA related to Stress
Stress
Between Groups
Within Groups
Total
Volume 10 / Number 3 / 2015

Sum of Squares
1155404.1
5.775E8
5.787E8

df
5
1433
1438

Mean Square
231080.8
402997.1

F
0.573

Sig.
0.72
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Table 6. ANOVA related to Strain
Strain
Between Groups
Within Groups
Total

Sum of Squares
70657.8
6605056.9
6675714.8

df
5
1433
1438

Mean Square
14131.57
4609.25

F
3.07

Sig.
0.009

df
5
714
719

Mean Square
0.014
0.030

F
0.47

Sig.
0.800

Table 7. ANOVA related to displacement
Displacement
Between Groups
Within Groups
Total

Sum of Squares
0.070
21.218
21.287

In direction of the second purpose, SPSS statistical software were used to study relation between
the results obtained from analysis of pavement
structure for both isotropic and anisotropic characteristic of pavement systems to conduct statistical
infarence. First, total statistical analysis has been
performed between stress, strain and displacement
in isotropic (n=1) and anisotropic (n=0.5, 0.6, 0.7,
0.8, 0.9) models by one-way ANOVA in SPSS
software. Table 5 shows this statistical analysis of
the stress as {F(1438) = 0.573, P>0.05} and tables 6
and 7 show statistical analysis of strain as {F(1438) =
3.066, P<0.01} and also, table 8 shows vertical displacement as {F(719) = 0.468, P>0.05}, therefore, we
conclude that there isn’t any significant difference
between averages of stress and displacement in isotropic and anisotropic models but there is significant difference between averages of strain in isotropic (n=1) and anisotropic (n=0.5, 0.6, 0.7, 0.8, 0.9)
models. Amounts of averages are shown in figure 8.

Figure 8. Mean value
At the next step, parameters of vertical and
longitudinal stress, vertical and longitudinal strain
were analyzed separately and the result, is described as follows:
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In second stage, A one-way ANOVA was used to
compare vertical compressive stress at the center of
the load application on top of subgrades of the two
pavement systems. The results are shown in table
8 a {F(719) =0.34 , P>0.05}; difference of values between vertical compressive stress for isotropic and
anisotropic models do not differ significantly.
In third stage, in order to compare the differences between the longitudinal tensile strains at
the bottom of the HMA layer obtained for isotropic and anisotropic models, one-way ANOVA
was used. The results of this statistical analysis is
shown in table 9 for a confidce level of 95%. Statistically there is no significant difference between
the mean values of the calculated longitudinal tensile strains at the bottom of the HMA layer for isotropic and anisotropic pavement systems.
In Fourth stage, in order to compare vertical
compressive strain on top of the subgrade, the calculated strains were statically analized using a oneway ANOVA test. The results is presented in table
10. The results show that there is no significant difference between the mean values of the compressive strains obtained by finite element analysis of
modeling pavement system for isotropic and anisotropic materials {F(719) =0.015 , P>0.05}.
In last stage, in order to compare longitudinal
tensile strain under load at the bottom of HMA layer in isotropic and anisotropic model in a one-way
ANOVA test. Tables 11 and 12 present the results of
analyses. as it is shon in these tables: {T(719) =8.729
, P<0.01}; for the longitudinal tensile strain at confidence level of 99% in both isotropic (n = (Eh/Ev)
=1) and anisotropic (n = (Eh/Ev) = 0.5, 0.6, 0.7, 0.8,
0.9) models there is no significant difference. as a
result, mean of strain has no significant difference
statistically in isotropic and anisotropic model.
Volume 10 / Number 3 / 2015
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Table 8. ANOVA related to Vertical stress
Vertical stress
Between Groups
Within Groups
Total

Sum of Squares
919623.581
3.791E8
3.800E8

df
5
714
719

Mean Square
183924.7
530936.6

F
0.34

Sig.
0.88

df
5
714
719

Mean Square
307165.7
262549.2

F
1.170

Sig.
0.32

df
5
714
719

Mean Square
69.852
4660.195

F
0.015

Sig.
1.00

df
5
714
719

Mean Square
25525.71
2924.114

F
8.72

Sig.
0.000

Table 9. ANOVA related to Longitudinal stress
Longitudinal stress
Between Groups
Within Groups
Total

Sum of Squares
1535828.63
1.875E8
1.890E8

Table 10. ANOVA related to Vertical Strain
Vertical Strain
Between Groups
Within Groups
Total

Sum of Squares
349.259
3327378.88
3327728.14

Table 11. ANOVA related to Longitudinal strain
Longitudinal strain
Between Groups
Within Groups
Total

Sum of Squares
127628.593
2087817.36
2215445.95

Table 12. Means and significant parameters of the model that are related to Longitudinal strain
n(I)-n(J)

Mean Difference (I-J)

Std. Error

Sig.

0.5 0.6
0.7
0.8
0.9
1.0
0.6 0.5
0.7
0.8
0.9
1.0
0.7 0.5
0.6
0.8
0.9
1.0
0.8 0.5
0.6
0.7
0.9
1.0
0.9 0.5
0.6
0.7
0.8
1.0
1.0 0.5
0.6
0.7
0.8
0.9

12.0414
21.51847*
28.34762*
34.22017*
39.09583*
-12.04114
09.47733
16.30648
22.17903*
27.05469*
-21.51847*
-09.47733
06.82914
12.70170
17.57736
-28.34762*
-16.30648
-06.82914
05.87256
10.74822
-34.22017*
-22.17903*
-12.70170
-05.87256
04.87566
-39.09583*
-27.05469*
-17.57736
-10.74822
-04.87566

6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106
6.98106

0.516
0.026
0.001
0.000
0.000
0.516
0.752
0.181
0.019
0.002
0.026
0.752
0.925
0.454
0.120
0.001
0.181
0.925
0.960
0.639
0.000
0.019
0.454
0.960
0.982
0.000
0.002
0.120
0.639
0.982
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95% Confidence Interval
Lower Upper
-7.9071 31.9893
1.5703 41.4667
8.3994 48.2958
14.2720 54.1684
19.1476 59.0440
-31.9893 7.90071
-10.4709 29.4255
-3.6417 36.2547
2.2308 42.1272
7.1065 47.0029
-41.4667 -1.5703
-29.4255 10.4709
-13.1191 26.7773
-7.2465 32.6499
-2.3708 37.5256
-48.2958 -8.3994
-36.2547 3.6417
-26.7773 13.1191
-14.0756 25.8208
-9.2000 30.6964
-54.168 -14.2720
-42.1272 -2.2308
-32.6499 7.2465
-25.8208 14.0756
-15.0725 24.8239
-59.0440 -19.147
-47.0029 -7.1065
-37.5256 2.3708
-30.6964 9.2000
-24.8239 15.0725
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3.2 Statistical analysis of pavement damage
Deterioration of pavement structures may occur due to adverse effects of environmenal factors,
traffic loading, construction dificien, and/or poor
maintenance strategies [19]. Two failure mechanisms were considered in this paper, covering the
most serious load-associated pavement distresses
i.e. fatigue cracking and subgrade rutting.
Fatigue Cracking: Fatigue cracking is caused
by repeated axle load applications, usually lower
than the strength of the material. It is a progressive
localized damage due to fluctuating stresses and
strains in the material and a build-up of irrecoverable strains [20]. Fatigue cracking usually starts at
the bottom of the HMA layers, which represents the
location of the greatest tensile strain in case of fullybonded conditions between the different HMA layers. Fatigue cracking may also start at the bottom of
the individual HMA layers if unbonded or friction
conditions exist. In addition, the following transfer
function was used to determine the number of cycles to cause Fatigue Cracking [9, 11]:
Nf = 0.0796 (et)-3.291 (E)-0.854 .................. (3)
where,
Nf = Number of repetitions for fatigue cracking
et = tensile strain at the bottom of the HMA layers in microstrain
And E is the resilient modulus of HMA in psi.
Subgrade Rutting: Subgrade rutting is a longitudinal depression in the wheel path that occurs
due to excesive densification of subgrade materials and/or lateral movement of the portion of the
pavement layers above the subgrade causing surface depressions in the wheelpath. In the model
presented by asphalt institute, the strain on top of
the subgrade layer is considered as critical strain.
This model includes [9, 11]:
Nf = 1.365 ´ 10 (ec)
-9

-4.477

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

where,
Nf = number of repetitions for subgrade rutting
failure
And εc = compressive strain on top of the subgrade.
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Finally, this paper evaluates the effect of anisotropic behavior of materials on performance of
flexible pavement based on fatigue cracking of asphalt surface layer and permanent deformation potential of subgrade. ANOVA statistical test method
was used for this evaluation. Tables 13 and 14
present ANOVA tests for fatigue cracking evaluation of the pavement systems. As can be obseved
in table 14 ( P value < 0.05) there is significant
difference between the Nf obtained from damage
analysis of pavement systems with sotropic (n=1)
and anisotropic (n = Eh/Ev = 0.5, 0.6) models. This
finding indicats that if anisotropic characteristic of
materials is considered in the modeling of pavement structure, there would be lower expected
service life for the pavement systeme than if this
characterisic of materials is not considered. Figure 9. compares the number of load repetition to
failuare (Nf) based on fatigue damage criteria and
permanent deformation potentials of subgrade for
anisotropic modeling of pavement structure.
Statistical analysis was performed based on
fatigue cracking by using ANOVA analysis and
the results are shown in table 15. As{F(119) =0.23
, P>0.05}, it can be inferred that there isn’t any
significant difference between the results of damage analysis in isotropic and anisotropic models in
scale of Nf replacement; as a result, as it is shown
in figure 9, there isn’t any difference between average of Nf for scale of fatigue cracking in isotropic and anisotropic models.

Figure 9. Average of Nf based on Fatigue Cracking and Subgrade Rutting
4. Conclusions
The coclusions of this analytical research study
may be categorized as follows:
As the results of linear elastic analysis of finite
elements have a suitable similarity with the results
Volume 10 / Number 3 / 2015
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Table 13. ANOVA related to fatigue cracking
Fatigue cracking
Between Groups
Within Groups
Total

Sum of Squares
2.090E13
5.850E13
7.940E13

df
5
84
89

Mean Square
4.180E12
6.964E11

F
6.00

Sig.
0.000

Table 14. Means and significant parameters of the model that are related to fatigue cracking
n(I)-n(J)

Mean Difference (I-J)

Std. Error

Sig.

0.5 0.6
0.7
0.8
0.9
1.0
0.6 0.5
0.7
0.8
0.9
1.0
0.7 0.5
0.6
0.8
0.9
1.0
0.8 0.5
0.6
0.7
0.9
1.0
0.9 0.5
0.6
0.7
0.8
1.0
1.0 0.5
0.6
0.7
0.8
0.9

-89060.000
-3.18467E5
-5.75530E5
-8.82423E5
-1.3948E6*
89060.000
-2.29407E5
-4.86470E5
-7.9336E5
-1.3058E6*
3.18467E5
2.29407E5
-2.57063E5
-5.63957E5
-1.0764E6*
5.75530E5
4.86470E5
2.57063E5
-3.06893E5
-8.1936E5*
8.82423E5
7.93363E5
5.63957E5
3.06893E5
-5.12470E5
1.3948E6*
1.3058E6*
1.0764E6*
8.1936E5*
5.12470E5

3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5
3.0472E5

0.771
0.299
0.062
0.005
0.000
0.771
0.454
0.114
0.011
0.000
0.299
0.454
0.401
0.068
0.001
0.062
0.114
0.401
0.317
0.009
0.005
0.011
0.068
0.317
0.096
0.000
0.000
0.001
0.009
0.096

95% Confidence Interval
Lower Upper
-695033 516913
-924440 287506
-1.181E6 30443.5
-1.488E6 -276449
-2.000E6 -788919
-516913 695033
-835380 376566
-1.092E6 119503
-1.39E6 -187389
-1.91E6 -699859
-287506 924440
-376566 835380
-863036 348910
-1.169E6 42016
-1.682E6 -470453
-30443 1.1815E6
-119503 1.0924E6
-348910 863036
-912866 299080
-1.42E6 -213389
-54.168 1.4884E6
-42.1272 1.3993E6
-32.6499 1.1699E6
-25.8208 912866
-15.0725 93503
788919 2.000E6
699859 1.911E6
470453 1.682E6
213389 1.425E6
-93503 1.118E6

Table 15. ANOVA related to Subgrade Rutting
Subgrade Rutting
Between Groups
Within Groups
Total
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Sum of Squares
1.006E21
9.636E22
9.737E22

df
5
114
119

Mean Square
2.012E20
8.453E20

F
0.23

Sig.
0.945
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of theory of multilayer systems and averages of
two methods don’t have any significant differences, therefore, simple and fast method of classic
multilayer theory can be used instead of expensive
and time taking method of finite elements for linear elastic analysis of flexible pavements.
However, since pavement different properties may be modeled in Finite Element Method,
so this method is very appropriate for analysis on
pavement when visco-elastic and/ or anisotropic
properties are intended in pavement materials. As
a result, there is no alternative for Finite Element
Method in analysis on such items.
And Based on ANOVA statistical test results ;
No significant difference exists between the
mean values of the vertical compressive stress and
the vertical copressive strain the top of pavement
structures modeled as an isotropic system relative
to that modeled as an anisotropic system.
There is significant difference between mean
values of the tensile strain induced at the buttom
of the asphalt surface layer of pavement structures
modeled as an isotropic system related to that
modeled as an anisotropic system.
Magnitude of induced tensile strain at the buttom of asphalt surface layer is larger for pavement
structures modeled as an anisotropic system.
Base on fatigue cracking criteria, there is significant difference between the expected service life of
pavement structures modeled as an isotropic system
related to that modeled as an anisotropic system.
Isotropic modeling of pavement system predicts
longer expected service lif for pavement structure.
Based on permenanent deformatio criteria no
significant difference exists between expected
service life of pavement structures modeled as
an isotropic system related to that modeled as an
anisotropic system.
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Abstract
The bidding process involves many participants, each with its own interest, so choosing a
bidding price for contracting and becoming a project stakeholder is a company’s crucial management decision. Hence, it is important to have a
bidding model that can predict the bidding price
with respect to the changing factors that attack the
bidding process.
In this paper, a multiple linear regression model
for predicting the bidding price is proposed. Winning bidding prices from 26 tenders for different types of construction projects were input for
developing the linear regression model using the
software package DTREG. The model is very accurate considering that it works with real data from
practice, with MAPE (Mean Absolute Percentage
Error) around 3%, and coefficient of determination R2=0.88167. This is significant improvement
in comparison to traditional models with MAPE
typically around 25% and, in some recent investigations, with MAPE around 19%. The proposed
model can be utilized during the intense bidding
process to facilitate the decision making process.
Key words: bid price, regression analysis, multiple linear regression, DTREG software package
1. Introduction
Companies frequently acquire work by means
of bidding in tenders, thus generating the majority
of their revenues, [1],[2].
In order to participate in the tendering process
the company needs to fulfill certain legislative aspects that prove the competency of the bidder. To
avoid low-quality design, time delays etc., the evaluation is usually based on multi-criteria analysis of
several bid criteria, such as bidding price, experience, performance, reputation, delivery method and
technical solutions, [3].
386

By means of point rating system, the most
suitable company is selected where the most important criteria for the commission is the price,
meaning that in order to select the winning bid,
the most applied method is the competitive bidding method, [4]. The profit margins due to the
price competition are often depressed, and combined with a certain level of project risk, they
could substantially influence the financial stability of the bidding company. For this reason, the
bidding process itself and choosing the mark-up
in the bidding price is of highest importance and
they should be carefully analyzed. Therefore, pricing strategies are utilized by the contractors to facilitate their cash flows, [5]. Pricing strategy, as
defined by [6], is a “reasoned choice from a set of
alternative prices that aim at profit maximization
within a planning period in response to a given
scenario”. Hence, the importance of the bidding
strategy is highlighted as a crucial aspect of the
business planning of companies.
The bidding process is inherently complex, involving multitude of participants, each with its own
distinctive advantages and disadvantages. Furthermore, the preparation of the bid documentation is
an intensive time-consuming and costly process
including broad research on a number of internal
or external aspects, [7],[8]. During the bid preparation, the company is due to re-evaluate its resources
and capacity for a sustainable project delivery.
Usually, the bidding decisions are propped by
the contractor’s experience, intuition and personal
bias, [5],[9]. The calculation of the bidding price
comprises of direct cost (such as labor, crew, materials, equipment, subcontractors etc.), indirect
costs (like project overhead, equipment, human
resources) and the mark-up amount such as contingency, profit, risk allowance and general overhead. Therefore, the need for a better technique
for decision making is stressed by several authors,
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[10],[8]. It is important to have a bidding model
that can predict the dynamic bidding process with
respect to changing price in order to win the bid.
The development of linear regression in order
to predict the cost of construction in buildings
was described by [11]. They obtained model with
MAPE (Mean Absolute Percentage Error) around
19% and R2=0.661, which compare favorably
with the past research which has shown that the
traditional methods of cost estimation typically
have MAPE around 25%.
The aim of this research is to develop a predicting model that can be utilized during the intense
bidding process and to facilitate the decision making process. In this paper we obtained a predictive
linear regression model using DTREG software
package, with MAPE around 3% and R2= 0.88167
which can be considered as very accurate predicting, having in mind that the model uses data from
real practice.
In the next section several bidding strategies are
reviewed, followed by the proposed methodology.
2. Literature review
Potential factors that affect the bidder decision are numerous. Bagies and Fortune, [10] have
identified them using different techniques such
as parametric, utility-theory, artificial neural network, fuzzy neural network, fuzzy logic and regression techniques intended for mark-up models
determination. It is concluded that the listed techniques could be beneficial for facilitating the bid
decision, [10].
Many authors have scrutinized different decision making models based on artificial intelligence
(AI), such as the expert system [12], case-based
reasoning [13], neural network [14], analytical hierarchy process [15] and fuzzy set theory [16],[17].
In the scientific environment different bidding
models have been examined such as: game-theory
models, statistic models including expected monetary-value based and expected utility value based, as
well as cash flow based. The most commonly used
models for probability determination of winning,
against a number of competitors and mark-up calculation are the Gate’s and Friedman’s model, [18].
Classification of bidding strategies is made
into three categories, [14]: models based on probVolume 10 / Number 3 / 2015

ability theory by Friedman [19] and Gates [20],
directed towards expected profit maximization,
models based on decision-support systems [12]
which consider the multi-attribute nature of bidding decisions and emerging models based on artificial intelligence [21].
The Friedman’s models utilization is reexamined
by many authors, concluding that the results are unsupportive of the decision making process, especially in symmetrical situations when competitors
have equal winning chances. Competitive bid could
be conducted by means of closed bidding process
or incremental bidding until none of the bidders
increases the bid. The method determines the optimal bidding price based on the distribution of the
ratio of the bidding price to cost estimate. Friedman
states that some of the simpler bidding problems
can be solved by game-theory techniques, [19].
Seven bidding strategies have been proposed
by Gates that intend to optimize the profit of the
bidder, [20]. This model provides direct calculation of the probability. The model is argued by
Skitmore et. al, [22], stating that for the Gate’s
method utilization a Weibull distribution of the
bids is required.
Further, studies have been undertaken on generic software bidding model for estimating the
probability of a successful method, [23].
Sonmez [24], presents an approach for integration of parametric and probabilistic cost estimation
techniques using a combination of regression analysis and bootstrap resampling technique in order to
develop range estimates for construction costs.
For facilitating the bidding strategy King and
Mercer proposed a methodology in which, in the
absence of sufficient detailed price data, the market
lower bid strategy was determined as precisely allowing simulation of possible strategy changes [25].
Probability distributions for bidders information development is a common case widely adopted in the state-of-the-art literature and often unfeasible in practice, [26],[2]. Cagno [15] described
Analytic Hierarchy Process (AHP) assessing the
probability of winning a competitive bidding process where competing bids are evaluated on a
multiple criteria basis.
Reeves et al. [27] stress the difficulty of drawing conclusions about strategy choices in a relatively simple simultaneous ascending auction
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game. The analytic methods are not fruitful due to
the large space of strategies causing large simulation studies to be out of question.
MacKie et. al. enabled final price prediction and
performance, by employing empirical game-theoretic methodology and establishing Nash equilibrium profiles for restricted strategy sets [28].
Regarding the previously stated, in the next
section of this paper a model for prediction and
support of the bid decision process is presented,
utilizing a linear regression technique.
3. Methodology
Data from 52 tenders for different types of construction projects were collected during 2014 from
firms in FYR of Macedonia, financed by public
funds. Only the winning bidding data for 26 structures were the contracts that were signed and were
used for further analyses. The collected data covered information about: the structures’ type, purpose of construction, place of construction, bidding price, winning price, year of the contract, and
problems that have occurred for the firm during the
bidding process. They were input in the DTREG
software package [29] for creating the linear regression model for bidding price prediction.
In the next section we shall give short overview
of the linear regression method and after that the
predictive model will be presented, using DTREG
software.
4. Research
4.1. Linear regression
The statistical process for estimating the relationship between different variables is called
regression analysis. Regression analysis is being
widely investigated in the area of machine learning for prediction. Regression analysis is used to
understand how the value of the dependent variable changes when one of the independent variables changes, while other variables are fixed.
Most often, regression analysis is used for computing the average value of the dependent variable
when the independent variables are fixed.
Many techniques for researching regression
analysis have been developed, which can gener388

ally be divided in parametric and non-parametric.
Linear regression is a parametric method where the
dependent variable (regression function) is defined
with a finite number of unknown parameters that
are computed from the independent variables. Nonparametric techniques allow regression function to
be a function which may be infinite dimensional.
Linear regression (LR) is a statistical method
which models the relationship between dependent
(or response) variable Y and one or more explanatory (or independent) variables x. The function Y
is called regression function.
Every value of the independent variable x is
associated with a value of the dependent variable
Y. The regression function Y dependent on n explanatory (predictor) variables x1, x2,.., xn is given
with eq. (1)

Y = b 0 + b 1 x 1 + b 2 x 2 + ...... + b n x n . ........ (1)
This equation describes how the mean response Y changes with the explanatory variables.

b1 , b 2 ,......b n are unknown parameters (coefficients). b 0 is a constant.
If the regression function is linear in the parameters (but not necessarily in the independent
variables), we call it linear regression model. Otherwise, the model is called non-linear.
Linear regression (LR) models with more than
one independent variable are called multiple linear
models, as opposed to simple linear models, with
one independent variable.
Linear regression rarely works as well on real-world data, as more general techniques such
as neural networks which can model non-linear
functions, because it fits linear (straight line/plane)
functions to the input data. But, linear regression
has many practical uses and a number of advantages. For example, linear regression is well understood, and training linear regression model is
much faster that other predictive models, like neural networks. Also LR can be applied to compute
the strength of the relationship between Y and the
xj, to compute which xj may have no relationship
with Y at all, and to identify which subsets of the xj
contain redundant information about Y. Moreover,
LR models are very simple and require minimum
Volume 10 / Number 3 / 2015
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memory space for implementation, so they work
well on controllers with limited memory space.
If in a LR model there is only one independent variable x1, then the regression function is a
straight line, if there are 2 independent variables,
then the regression function is a plane; and for n
predictor variables the dependent function is n- dimensional hyper-plane. In Figure 1 [30] we have a
plane fitted with 2 predictors.
If there exists an exact fit between the real data
and the regression (predicted) function, then the
actual data would be equal to the predicted values.
But, of course, this is not the case, and there is a
difference between the actual value of target variable and its predicted value, and this difference is
the error of the estimation which is called “deviation” or “residual”.

4.2. Multiple linear regression model for
predicting bidding price using DTREG
For creating the multiple linear regression
model for predicting of the bidding price for the
26 structures, DTREG software package was used
[30]. DTREG uses robust Singular Value Decomposition algorithm to perform linear regression.
The results of the DTREG analysis of the model
are presented from Table 1 to Table 4.
Part of the data is used for training of the model
(training data) (Table 3), and part of the data is used
for validation of the model (validation data) (Table
4). The linear regression model has been implemented for 2 predictors. We shall stress here that the
choice of the predictors is very important for accuracy of the model. Here, instead of numerical value
of target variable and predictors, ln(target variable)
and ln(predictors) is used, because more accurate
prediction is obtained in this way.
For preparing of the variables of the multiple
linear regression model, we used the Bromilow’
time-cost model [31]:
T = K 1C 1

B1

and T = K 2 C 2

B2

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

where T is the time of preparation of documents (in days), C1 is price offered and C2 is price
received. K1, K2, B1 and B2 are constants which are
being determined by the model.
By logarithm of equations (2) we have
lnT=lnK1+B1lnC1 . ........................ (3)
Figure 1. Fitted plane with 2 predictors
The goal of LR is to compute the values of parameters so that the sum of squared residual values for the set of observations is minimal. This
process is called “least squares” regression fit. By
estimating the sign and value of the regression coefficients, we can infer how the predictors affect
the target outcome.
If our task is forecasting, then linear regression
fits a predictive model to the input data set of y and
xi values. After developing the model, if an additional value of xi is given, and its attendant value
of y is not given, then we can use the fitted model
for making a prediction of the value of y.
Volume 10 / Number 3 / 2015

lnT=lnK2+B2lnC2 ......................... (4)
By summarizing (3) and (4), we have (eq.5):
2ln T= lnK1+B1lnC1 + lnK2+B2lnC2 ........... (5)
From equation (5), if we express lnC2, we receive the dependence of the price received C2
from the time of preparation of documents T and
the price offered C1 (eq.6):
1
B2
......................................... (6)

l n C 2 = (2 l n T - l n K 1- B1 l n C1 - l n K 2 )
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Table 1. Input data
Input data
Target variable: ln(received price)
Number of predictor variables: 2
Type of model: Linear regression
Type of analysis: Regression
Validation method: Cross validation
Number of cross-validation folds: 10
============ Input Data ============
Input data file: TENDERS
Number of variables (data columns): 14
Data subsetting: Use all data rows
Number of data rows: 26
Total weight for all rows: 26
Rows with missing target or weight values: 0
Rows with missing predictor values: 0
-Statistics for target variable: ln(received price)
Mean value = 13.126042
Standard deviation = 1.5542198
Minimum value = 10.164312
Maximum value = 16.28361
===== Summary of Variables ==========
Number Variable
Class
Type
Missing rows
------ ----------------------------------- --------- -1 number of project
Unused Continuous
0
2 category of construction
Unused Categorical
2
3 year of construction
Unused Continuous
0
4 purpose of construction
Unused Categorical
0
5 in Skopje
Unused Categorical
10
6 outside Skopje
Unused Categorical
6
7 price offered
Unused Continuous
0
8 received an offer price
Unused
Continuous
0
9 contract signed or no
Unused Categorical
0
10 time for preparing tender doc-days Unused Continuous
0
11 problems about the tender documen. Unused Categorical
9
12 ln (price offered)
Predictor Continuous
0
13 ln(received price)
Target
Continuous
0
14 ln(time for prepar. doc)
Predictor Continuous
0

Categories

25
8

Table 2. Computed coefficient beta values
Linear Regression Parameters
-------------- Computed Coefficient (Beta) Values -------------Variable
----------------------ln (price offered)
ln(time for pre.doc)
Constant
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Coefficient
------------0.953011
0.0652043
0.210477

Std. Error
-----------0.0631
0.121
0.8779

t
Prob(t) 95% Confidence Interval
---------------------------- -----------15.11
< 0.00001
0.8225
1.083
0.54
0.59406
-0.1844
0.3148
0.24
0.81264
-1.606
2.026
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By putting in order eq. (6) we obtain our multiple linear regression model:

l n C 2 = b 0 + b 1 l n T + b 2 l n C 1 ............ (7)
where lnC2 is target regression function, lnT
and ln C1 are predictor variables, which are input
in the software package DTREG.

After learning the model, coefficients b0, b1, b2
are determined and we can put some new input
values for T and C1 and we can receive prediction of lnC2. By antilogarithm of lnC2, we receive
prediction of C2.
Results for the model with 2 predictors are
given in Table 4 for validation data. Here variable

Table 3. Training data
Analysis of Variance
Mean target value for input data = 13.126042
Mean target value for predicted values = 13.126042
Variance in input data = 2.4155993
Residual (unexplained) variance after model fit = 0.2210897
Proportion of variance explained by model (R^2) = 0.90847 (90.847%)
Coefficient of variation (CV) = 0.035822
Normalized mean square error (NMSE) = 0.091526
Correlation between actual and predicted = 0.953139
Maximum error = 1.6461913
RMSE (Root Mean Squared Error) = 0.4702018
MSE (Mean Squared Error) = 0.2210897
MAE (Mean Absolute Error) = 0.3486989
MAPE (Mean Absolute Percentage Error) = 2.6517839
-- ANOVA and F Statistics -Source
DF Sum of Squares Mean Square F value
--------------- -----------------------------------Regression 2
57.05725
28.52862
114.148
Error
23
5.748333
0.2499275
Total
25
62.80558

Prob(F)
--------<0.000001

Table 4. Validation data
Validation Data
Mean target value for input data = 13.126042
Mean target value for predicted values = 13.101686
Variance in input data = 2.4155993
Residual (unexplained) variance after model fit = 0.285833
Proportion of variance explained by model (R^2) = 0.88167 (88.167%)
Coefficient of variation (CV) = 0.040731
Normalized mean square error (NMSE) = 0.118328
Correlation between actual and predicted = 0.939397
Maximum error = 1.8773803
RMSE (Root Mean Squared Error) = 0.5346335
MSE (Mean Squared Error) = 0.285833
MAE (Mean Absolute Error) = 0.4026566
MAPE (Mean Absolute Percentage Error) = 3.0730601
-- ANOVA and F Statistics -Source
DF Sum of Squares
--------------- -------------Regression 2
55.37392
Error
23
7.431658
Total
25
62.80558
Volume 10 / Number 3 / 2015

Mean Square
-------------27.68696
0.3231156

F value
---------85.687

Prob(F)
--------<0.000001
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ln(received price) is used as target variable, and
ln(price offered) and ln(time for prep doc) as predicted variables (Table 1).
DTREG generates a table (Table 2) which
shows the obtained coefficient values (for each
predictor variable), in addition to the statistics on
how well the regression function fits the data. Except for the coefficient values, the standard error
of the coefficients and several other statistics are
also displayed (Table 2).
The “t” statistics is obtained by dividing the
computed value of the coefficient by its standard
error. This statistics gives an estimation of the likelihood that the actual value of the parameter can be
zero. The confidence interval is the range of values
for the obtained coefficient value with the specified
confidence, which means that we are 95% confident
that the value of the coefficient falls in this range.
For example, in our table we have that the coefficient 0.953011 is in the range of 0.8225 to 1.083
with confidence 95%. The ANOVA (Analysis of
Variance) (Table 3 and Table 4) shows statistics for
the general significance of the regression model
which is being fitted. The “F value” and “Prob (F)“
test the null hypothesis that all regression coefficients are equal to 0. Prob (F) is the probability that
the null hypothesis for the full model is true (that all
regression coefficients are 0) [30].
The accuracy of the model is estimated from
the statistics of validation data (Table 4).
Most often R2 and MAPE are used as estimators
of the model. In statistics, the coefficient of determination, R2 shows how well data points fit a line or
curve, it is a measure of general fit of the model. In
linear regression R2 is equal to the square of Pearson correlation coefficient between the observed
and the modeled (predicted) data values of the dependent variable. R2 is an element of [0,1] and is
often interpreted as the proportion of the response
variation “explained” by the predictors (explanatory
variables) in the model. So, the value R2=0.88167
from our model may be interpreted: around 88% of
the variation in the response can be explained by the
predictor variables. The remaining 12% can be attributed to unknown variables or inherent variability.
MAPE (mean absolute percentage error) is a
measure of accuracy of a method expressed as a percentage. For this model MAPE = 3.0730601, which
means that the error of the model is around 3%.
392

5. Conclusion
A model for predicting the bidding price in order
to win the bid is presented in this paper. DTREG
software package was used for creating the linear
regression model for predicting the bidding price.
A bidding price decision model is proposed using
the linear regression technique. The accuracy of the
model was estimated from the statistics of validation data. R2 and MAPE were used as estimators of
the model. The model value of MAPE is 3.0730601
which means that the error of the model is around
3%, which is very favourable, considering that the
input data are real data from the practice.
We hope that the presented model can be successfully used in the practice as very accurate,
efficient and fast forecasting model for bidding
price, especially in the construction engineering.
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Abstract
This article presents a research that examines university students’ emotional obstacles and
fears in the use of a Learning Management System (LMS) called aLF and implemented by the
Spanish National University of Distance Education (UNED-Spain). A LMS implies new teaching
and learning possibilities in Higher Education for
the development of subject universities, but at the
same time, it is necessary to analyze not only the
benefits that these environments represent but the
students’ emotions and fears in order to improve
teaching methods in these virtual learning environments. Through a quantitative method, we test
307 students’ opinions about their fears and anxieties when using this LMS to study the University
degree in Pedagogy. Results show that students’
emotional obstacles and fears come mainly from
the influence of three variables: delegation of control and difficulty to work in virtual groups, virtual
community criticism, and anxiety for not achieving correctly virtual tasks.
Key words: Learning Management Systems;
emotions; obstacles; fears; Distance Education.
1. Introduction
The design of learning experiences within online programs is a continuously evolving area [1,
2]. Quality requirements of higher education and
the need for the assurance of learning outcomes
are increasing the challenges with which online
universities have to face [3, 4, 5]. Universities are
in a process of transformation toward a teaching
model, which enhances the independent work of
student, and virtual learning models are becoming an increasingly important role in this process.
To meet these challenges, virtual campuses are
promoting learning methodologies that prioritize
394

learning “through virtual interactions among students” [6, 7] and contribute to the development
and practice of teamwork competencies.
The current world literature has a big number
of references on the use, application, and benefits
of learning through Information Communication
Technologies (ICT) in almost all stages of education. e-Learning activities across tertiary education
institutions are very diverse, with programs located
at different points of the e-learning spectrum ranging from none or trivial online presence to fully
online provision. Most studies establish that educational technology can play a social role in bridging
the achievement gap between students, and probably, technology-rich learning environments can
promote more effectively social-constructivist educational goals, such as higher-order thinking skills,
learning motivation, and teamwork, in comparison
to traditional settings [8, 9, 10, 11]. This new reality has the potential to significantly impact how we
design learning experiences if we take advantage
of opportunities for connectivity. By incorporating
virtual tools on Learning Management Systems
(LMS), professors also incorporate the new competencies that are becoming part of citizens in virtual
contexts [12, 13, 14]. In the progress of integrating
collaborative practices in distance learning, LMS
offer different levels of interaction and possibilities for developing active learning. Innovation is
not just the application of results of research and
development to high standards but also the result
of entrepreneurial and strategic decision making,
organizational and professional development, and
imaginative capabilities. To this end, the forms of
design digital learning elements are important decisions [15, 16, 17].
However, at the same time, it is also necessary
to unravel the student’s emotional perceptions and
fears when using this type of virtual learning enviVolume 10 / Number 3 / 2015
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ronments. Global studies regarding students’ emotional obstacles and fears perception on LMS are
not very abundant and require field-based studies to
analyze the emotional influence of these environments on university students. Recent studies have
described emotional and motivational experiences
that students encountered during computer-supported learning projects, which can also cause negative
effects [18, 19, 20]. In particular, some computersupported collaborative learning environments may
interfere with students’ willingness to engage in the
development of the subjects or find difficult to work
in digital groups. They may also experience stress
and frustration in collaborating with people who
they do not know well [21].
In this paper, we examine Distance University
students’ emotional obstacles and fears in the use
of a Learning Management System (LMS) called
aLF and implemented by the Spanish National
University of Distance Education (UNED).
2. Cooperative learning and emotional
obstacles in Learning Management
Systems
A LMS is a category of products designed to
bring interactive technology to teaching-learning
process [22, 23, 24]. A LMS is a multi-user environment where developers/professors may create,
store, reuse, manage, and deliver digital learning
content from a central object repository. These assets may include media files developed in other authoring tools, assessment items, video-simulations,
text, graphics, or any other object that makes up the
content within the course. A full-fledged LMS addresses three major requirements: first, it is a completely realized, networked digital environment that
includes interactive interfaces for both professors
and students. Second, a LMS provides the content
of the curriculum and assessments for teaching and
learning in digital form. Third, a LMS includes special tools for managing classroom activity. A robust
LMS should be able to develop the following activities: centralize and automate administration, use
self-service and self-guided services, assemble and
deliver rapidly learning content, consolidate training initiatives on a Web-based platform, support
portability and standards, personalize content, and
enable knowledge reuse [25].
Volume 10 / Number 3 / 2015

These new LMS should integrate three types
of presence: social, cognitive, and teaching [26].
“Social presence” is the way students cope socially and emotionally to a virtual learning community. “Cognitive presence,” however, is how
to build their knowledge through reflection and
communication processes. The “presence of education” finally, is one that directly or indirectly
facilitates social interaction and simulation in the
cognitive process. Social interaction in virtual environments, with both other students and tutors
and professors, has a marked influence on the behaviour of students. [27] note that social interaction flows when the LMS allows specific informal
interaction, as occurs naturally in the real campus.
One of the challenges of online education would
allow natural interaction student-student in the
virtual world. According to [28] in theory, online
collaborative activities could be considered as the
key to this new learning paradigm.
Spanish National University of Distance Education (UNED) has developed a LMS called aLF
(https://www.innova.uned.es/servicios/alf/). It is
a platform based on international open standards
(OpenACS, the Open Architecture Community
System) and has been developed entirely within
free software principles. It has now migrated to
.LRN, which is the most widely used free software
worldwide for distance learning. .LRN is used by
organizations and universities, such as MIT Sloan
(Massachusetts, USA), Harvard University Kennedy School of Government (Massachusetts, USA),
University of Bergen (Norway), University of Heidelberg (Germany), University of Valencia (Spain),
UCLA School of Medicine (California, USA) and
University of Galileo (Guatemala). aLF-LMS offers different types of virtual learning environments: virtual courses and virtual communities.
In these collaborative digital contexts, students do
report experiencing a range of emotions, risks, and
frustration [29, 30]. Despite the advantages reported in literature about digital collaborative learning
methodologies in terms of social and psychological
benefits [1, 3, 4], students engaged in collaborative
digital learning activities can feel a high level of
frustration or negative emotions facing these highly
collaborative environments and this may be an obstacle in the students learning abilities and willingness to learn in e-learning or even using it [31, 32].
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However, the analysis of the existing interaction technology is not necessarily sufficient, as
the obstacles are often in the minds and emotions
of people rather than in the immediate interaction modes [32]. This is why we should know the
mental reasons behind problems stemming from
disliking, instead of just looking at how people
interact with interfaces. The emotional connection between emotions and learning results in elearning and distance education has been recently
under research [33]. Some people associate positive emotions to new technology and others think
of technology as a negative issue. The difference
among these two groups is that they associate the
same technology in a completely different emotional context. People’s emotional reactions do
not stay unchanged; they are in a constant change
during their whole life. Learning processes are directly connected to students’ social and emotional
needs, as well as to the context and teaching methods. Especially important are LMS in distance education, because they are the main communication
and learning procedure. These LMS have to facilitate a positive experience and motivate students to
execute their needs in that certain user context. A
hard-to-use service is not encouraging, and people
will only use it if they are forced to.
Frustration is one emotion that comes to almost all e-learning students at some point of their
studies. Frustration may be due, for example, to
a technical aspect, design, usability, lack of instructions or their messiness or even to the whole
overall experience of e-learning. Anxiety in these
environments can also be related to motivational
beliefs and feelings according to expectancy components, value components and affective components which are also present in the control-value
theory [34, 35]. For some students, this frustration
is a normal emotion when working with computers and, for some, it becomes an overwhelming
experience making them hesitant to continue [36].
The frustration level can grow to the extent of developing severe problems of anxiety, isolation and
sadness; finally, a person could develop “technophobia”. There are many definitions of technophobia, but the most commonly cited definition is the
one proposed by [37] who defines it as: 1. a resistance to talking about computers or even thinking
about computers. 2. fear or anxiety towards com396

puters and 3. hostile or aggressive thoughts about
computers. Frustration has been researched to take
up to 1/3-1/2 of time spent on the computer [38]
and this should be considered while planning university subjects and learning activities developed
in LMS. This kind of process may be referred to as
emotional learning [39]. Anxiety can cause people
to react several ways, usually it causes people to
have poor concentration, worry, to be overactive
and have uncontrollable thought processes. The
literature research has shown that e-learning systems can make the users frustrated, confused and
reduce their interest in learning [40]. Frustration
diminishes the abilities of the user with respect
to attention [41], memory retention [42], learning and thinking creatively [43]. So it is not just
the fear of technology that makes technology under used or e-learning courses have high dropout
rates. It is also all the things going around them.
These emotions can drive the user away from
the technology for a long time or make the using
unpleasant. These implications can help the system
developers to change the old testing based ways
of developing software and computer systems
and start using psychological terms and methods
[44]. As e-learning, blended learning and distance
learning studies require more maturity and taking
more responsibility of one’s own studies without
having the professor or tutor as a support constantly, therefore the students are more vulnerable to
have problems with their studies and also to the
effects that the troubles may cause [45]. Also the
change from classroom learning to e-learning can
cause troubles to some students with the lack of
immediate support and feedback from tutors and
professors in a case of problems, as we can observe on the high dropout rates in MOOC courses
nowadays [46]. Emotional factors of LMS have
to be checked and researched with care to avoid
the drop out students to be left behind in their academic studies or in their work trainings. Emotions
are important in learning and in classroom behaviour [47, 48] and especially in distance education
mediated by virtual learning environments, unsuccessful use of computers can give rise to frustrations and even technophobia [49].
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2.1. Research objectives
Since emotions affect students’ interests, engagement, achievement, personality development and social climate in different educational
settings, they are central to psychological health
and well-being [48]. Based on these statements,
this research aims to estimate the University students’ emotional obstacles and fears in the use of a
Learning Management System (LMS) called aLF
and implemented by the Spanish National University of Distance Education (UNED). The study addressed the following objectives:
1. Know the students’ emotional obstacles and
fears on using LMS-aLF.
2. Determine the most significant variables in
students’ emotional obstacles.
3. Method
A questionnaire was distributed to 554 secondyear students when they began the academic year
through an induction session of the virtual tutor
through e-mail and forum messages. 307 valid
questionnaires were received and general demographics of the survey participants for gender
showed that 179 survey participants were female
(58,30%) and 128 identified themselves as male
(41,69%). The mean age of the participants was
25 with 34% being older than 30. The case processing summary can be seen in Table 1.
Table 1. Case Processing Summary
Case Processing Summary
Valid Active Cases
307
Active Cases with Missing Valuesa
298
Supplementary Cases
9
Total
0
Cases Used in Analysis
307
a. Excluded case(s): 14 15 36 67 96 98 112 194 277

The survey tool used to measure emotional
obstacles and fears in LMS contained 8 variables
and 29 items. The questionnaire took into account
feelings (referred as basic or primary emotions)
that can be reliably tested [50, 51]. For this purpose, we listed 6 categories of negative emotions
[52]: anger, anxiety, disgust, fear and sadness, distributed in 8 categories in the questionnaire: Fear
of making mistakes (FM); Ignorance of the course
content (IC); Open ends and lack of correct anVolume 10 / Number 3 / 2015

swers (CA); Criticism of the educational community (CC); Isolation from teachers (IT); Warning
for not developing the program (WP); Delegation
of control (DC); Difficulty for using virtual tools
(DV). These variables are defined in Table 2.
Table 2. Variables description
Variable
Fear of
making
mistakes (FM)
Ignorance of
the course
content (IC)
Open ends and
lack of correct
answers (CA)
Criticism of
the educational
community
(CC)

Definition
The items of this factor, tell us about
students’main fears when are involved
in virtual classroom activities.
The four items of this factor reflect
content virtual organization and their
impact on learning practices in LMS.
The four items refer to basic activities
developed in LMS in relation to
educational tasks and exams.
This factor analyzes how students fell
about professors, tutors and other
classmates’ opinions.

The three items refer to one of the
Isolation from
main obstacle when using LMS: the
teachers (IT)
feeling of being alone.
Warning for
The four items deal with anxiety when
not developing
students have difficulties to achieve
the program
the tasks on time.
(WP)
The four items establish main fears
Delegation of and obstacles when students have to
control (DC)
work in groups or collaboratively and
delegate learning process control.
Difficulty for The four items deal with virtual
using virtual
tools usage and difficulty to foster
tools (DV)
effectiveness when learning in LMS.

Exploratory factor analysis was used to check
questionnaire construct validity. Table 3 contains
the measures of scale reliabilities for the various
construct variable groups. Generally, reliability
numbers greater than 0.7 are considered acceptable in technology acceptance literature [53].
Table 3. Scale Reliabilities
Variables
FM
IC
CA
CC
IT
WP
DC
DV

Number
4
4
4
3
3
4
4
3

Reability
.84
.88
.87
.78
.72
.81
.84
.78
397
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Discriminate validity is the degree to which any
single construct is different from the other constructs in the model. The criteria for measuring discriminate validity is to measure the average variance extracted (AVE), which indicates the average
variance shared by a construct and its indicators
[54]. In addition, discriminate validity is confirmed
if the diagonal elements are significantly higher
than the off-diagonal values in the corresponding
rows and columns. The diagonal elements are the
square root of the AVE Scores and Correlation of
Latent Variables is also reported in Figure 1. The instrument demonstrates adequate discriminate validity because the diagonal, in bold, values are greater
than the corresponding correlation values in the adjoining columns and rows.

Figure 1. AVE Scores and Correlation of Latent
Variables
4. Results
The eight latent variables were reduced to 2 dimensions with abstract meaning: dimension 1 and
dimension 2. Research model can be seen in Table 5.
Table 5. Research Model Summary
Dimension

Cronbach’s
Alpha

1
2
Total

,861
,005
,917a

Variance Accounted For
Total
%
(Eigenvalue) Variance
4,059
50,737
1,005
12,559
5,064
63,296

Dimension 1 explains 50,7% of the total variance and corresponds to emotional obstacles and
fears than can be considered basic or inherent and
perceived as controlled by the person. In Dimen398

sion 2, the emotional obstacles and fears have an
external interpretation. In this case, external emotional obstacles and fears are not considered inherent or basic and cannot be controlled by the subject. According to the research model, the percentage of responses can be seen in Table 6 classified
in four levels: Low, Slight, Moderate and High.
Table 6. Emotional obstacles and fear variables
percentages
Variables Low
Slight Moderate High
FM
20.43% 48.91%
27.03%
3.63%
IC
20.94% 46.21%
29.05%
3.35%
CA
15.29% 52.13%
28.28%
4.30%
CC
17.92% 25.76%
47.20%
9.12%
IT
17.47% 45.23%
32.88%
4.42%
WP
15.96% 45.23%
33.88%
4.93%
DC
9.73% 35.39%
44.37%
10.51%
DV
18.25% 31.81%
41.96%
7.98%
Cronbach α = .917; 8 items; four-point Likert scale (14); mean=3.04; Standard deviation=0.64; N =307

Derived from the analysis of frequencies of
emotional variables in the use of LMS-aLF, we
can establish that there are a moderate-high negative level of emotional obstacles and fears in the
following variables: “criticism of the educational
community” (56.32%), “delegation of control”
(54.88%), and “difficulty for using virtual tools”
(54.88%). Low-Slight emotional obstacles and
fears are concentrated in: “fear of making mistakes” (48.91%); ignorance of the course content
(67.15%) and “open ends and lack of correct answers” (67.42%). “Criticism of the educational
community” has two variables heavily charged:
professors’ and classmates’ opinions. These items
produce anxiety when students need to ask for resolution of doubts in virtual environments. “Delegation of control” is conditioned by two heavily
charged variables: “difficulty of working in virtual
groups” and “lack of confidence of didactic activities doing by others in virtual environments”.
“Difficulty for using virtual tools” is a variable
that generates emotional obstacles and fears in relation to the students’ feeling about virtual tools’
capabilities to facilitate the resolution of doubts.
The eight risk factors are reduced to 2 dimensions
with abstract meaning (Table 7). Dimension 1 represents basic internal fear and emotional obstacles
which can be controlled by the person and DimenVolume 10 / Number 3 / 2015
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sion 2 is subdivided in two subscales: deep internal
fears difficult to control by a person with positive
charge and external fears depending on other person
and impossible to be controlled by the person.
Table 7. Analysis of Dimensions
Variables

Dimensions
1
,601
,696

2
,612
,484

Fear of making mistakes
Ignorance of the course content
Open ends and lack of correct
,745
,238
answers
Criticism of the educational
,811
-,399
community
Isolation from teachers
,816
-,292
Warning for not developing the
,707
-,108
program
Delegation of control
,612
-,368
Difficulty for using virtual tools ,678
-,369
Dimension 1: Basic Internal Fears
Dimension 2: Secondary Fears (Positive charge:
Internal Fears: Person can control them/Negative
charge: External Fears: Person cannot control them.

Table 8 displays the frequency, the quantification value assigned, the centroid coordinates, and
the vector coordinates of each variable and Figure
2 shows visually the representation of variables as
dimensions vectors.
Table 8. Analysis of Dimensions Vectors
Centroid
Total
Coordinates
(Vector Coordinates)
Dimension
Dimension
Mean
Total
1
2
1
2
,368 ,382 ,375 ,361
,375 ,736
,487 ,239 ,363 ,485
,234 ,719
,558 ,088 ,323 ,555
,057
,611
,658 ,080 ,369 ,658
,078 ,736
,666 ,090 ,378 ,666
,085 ,751
,500 ,018 ,259 ,500
,012 ,512
,375 ,136 ,255 ,375
,135 ,510
,461 ,037 ,249 ,460
,029 ,489
4,074 1,070 2,572 4,059 1,005 5,064

FM
IC
CA
CC
IT
WP
DC
DV
Total
% of
50,923 13,380 32,151 50,737 12,559 63,296
Var.

Volume 10 / Number 3 / 2015

Figure 2. Category points vectors emotional obstacles and fears.
Most cases are located near the centroid (0,0),
with the majority of cases located between -3
and 5 on dimension 1 and between -4 and 6 on
dimension 2. The analysis of both dimensions of
the vectors as in the case numbers of both dimensions, shows that all factors are positively charged
in Dimension 1. In Dimension 2, have a positive
charge: “Fear of making mistakes”, “Ignorance of
the course content”, and “Open ends and lack of
correct answers”. These variables do not have a
heavy influence in the design of LMS or activities in virtual learning environment because these
variables can be considered as internal fears and
obstacles and difficult to minimize from and external intervention. In Dimension 2 have negative
charges: criticism of the educational community,
isolation from teachers, warning for not developing the program, delegation of control, and difficulty for using virtual tools. These emotional
obstacles and fears are considered external and
depends on external factors impossible to be controlled by the person. Internal and external fears
and emotional obstacles form a cluster and they
are separated from each other.
The three variables with more incidence as they
have the highest negative charges in dimension 2
are: criticism of the educational community, delegation of control, and difficulty for using virtual
tools (Figure 3). Their importance comes from
their incidence as external fears and risks that cannot control the student but can be controlled by
professors or LMS designers.
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Figure 3. Emotional obstacles and risks not controlled by the student.
4. Discussion
Understanding students’ emotional obstacles
and fears when using Learning Management Systems in Distance Education may be helpful to
professors and e-learning developers to be able to
offer more efficient support and better e-learning
solutions for all the students despite their skills or
background knowledge, minimizing their fears and
emotional obstacles. Therefore, students, as active
users of LMS in Higher Education and, especially,
in Distance Education, can contribute to take decisions about the best methods, materials, teaching
sequences, and virtual tools involved in these digital environments. Thus, understanding the user’s
emotional obstacles and fears involved in virtual
environments is crucial for an adequate development of teaching-learning activities. People may
feel frustrated when they are deprived of their expectations or are not able to complete their plans.
This frustration is one of the most commonly mentioned negative emotions associated with studying
online. Therefore, it is important to understand the
role and dynamics of emotions in different kinds of
learning contexts and use this knowledge wisely in
pedagogical practices [48, 55].
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This research tries to identify main emotional
obstacles and fears using the LMS-aLF to develop
distance studies on the Spanish National University of Distance Education. Results show that fears
and emotional obstacles can be divided into two
categories: basic or inherent and external. The external emotional obstacles and fears are charged
negative in Dimension 2 of the study and they are
perceived as not controlled by the students. The
three more influenced variables are: criticism of
the educational community, delegation of control,
and difficulty for using virtual tools. The research
model of the study establishes that professors’ and
classmates’ opinions in forums, videoconferencing or chats produce anxiety in students. Students
develop insecurities when they have to delegate
the control of learning activities on other classmates. This situation represents a difficulty for
working in virtual groups and a lack of confidence
of didactic activities doing by others in digital and
virtual environments. Finally, students fell that
virtual tools’ capabilities are not completely efficient to facilitate the resolution of doubts.
This supports partially earlier findings by [32,
38]. Their importance comes from their incidence
as external risks that cannot control the student but
can be controlled by professors or LMS designers.
It would be desirable to implement for these students a good technical support and tutors helping
them to get to the positive thinking mode in order
to feed the learning willingness and ability to handle better the obstacle. These results are important
for their further implications when designing virtual and digital environments and are in line with
other studies where the importance of psychological terms and methods are essential in order
to avoid the old testing based ways of developing
software and computer systems [44, 56].
Thus, LMS success and efficiency cannot be
taken for granted [28, 57, 58]. In some cases, some
LMS experiences may also evoke negative emotions and create new challenges for motivation
when people experience conflict with their own
characteristics, objectives, and requirements. Findings from this study provide more understanding of
the phenomenon of students’ perception of risks and
emotional obstacles on LMS in Distance Education.
Based on these findings, we should provide recommendations to design the virtual environment
Volume 10 / Number 3 / 2015
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that minimizes fears and emotional obstacles, taking into consideration the design of learning experiences related to cultural and social contexts of the
students population. It can be fostered by contextualized activities such as tasks, projects, and authentic cases based on real needs and demands, taking
into account the explicit and implicit knowledge
about the subject matter (beliefs, group norms). By
generating rules that promote motivation and participation, a number of mechanisms of participants’
accountability and the provision of structures which
facilitate communication and interdependence. One
new aspect that can be incorporated is the technopedagogic concept of “virtual attendance” which
involves creating classrooms with videoconferencing over synchronous IP (“AVIP-Classrooms”).
The tool combines high-end video-conferencing
with low-end web-conferencing and smart boardbased learning. The new AVIP classroom system
permits almost the same types of interaction in distance learning that are possible in traditional faceto-face learning scenarios [59].
Another activity that can minimize emotional
obstacles is using a video annotation system. This
system allows students to easily add or retrieve
commentaries inside an audiovisual material and
make the learning experience closer. Furthermore,
the professor can review the annotations before
the lecture and quickly engage students in a discussion by addressing these topics during a chat
or a forum and, in this way, making the learning
experience more emotional and personalized.
On the other hand, in the context of adaptation to
the European Higher Education Area, the teaching
and learning process must be associated with competencies, and one of the biggest risks and emotional obstacle is associated with the difficulty and
anxiety for working in groups and collaboratively,
which must be based on assessment progress, identify difficulties, and redirect the students’ progress;
in order that assessment should be primarily intended to provide feedback to students as part of their
learning process to enable further progress [60].
A competent student should learn to manage in
a proper way these changes, minimizing fears and
emotional obstacles, identifying what aspects can
affect their own learning process, and take advantage of the elements that can positively influence
this process and minimize those issues, which can
Volume 10 / Number 3 / 2015

hinder their learning. Professors and LMS designers should be aware of these fears and emotional
obstacles from a double perspective: primarily, to
guide teaching in the virtual context and select the
type of activities and tools that minimize fears and
emotional obstacles, and second, guide the design
of the platform institutionally to provide feedback
to professors and students in order to foster LMS
development.
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Multi-criteria ranking of occupational safety
indicators based on AHP: case study
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Abstract
This paper presents factors, performances, and
indicators of occupational safety, as well as the
method for ranking occupational safety indicators
based on multiple criteria. A case study is done at
the Road construction company “Niš”. Key safety
performance indicators are identified and ranked
according to the results of the survey which included experts that assessed occupational safety
risks in this organization. The case study has confirmed that the AHP method for ranking occupational safety indicators is simple to perform and
highly applicable in practice.
Key words: AHP, multi-criteria ranking, safety
indicators, safety performance
Introduction
Effective and efficient occupational safety
contributes to the increase in value of human and
financial capital, and anticipates a connection between safety and competitiveness of the organization. Inefficient safety measures significantly affect the quality of human resources, the increase in
the number of accidents and occupational diseases, as well as the violations of social relations and
safety culture. Ineffective occupational safety was
in part a result of a widespread belief that investing in safety is too expensive. Some examples of
good practice show positive effects of investment
in the protection of employees [1].
A good safety management system is fully integrated into the organization and it defines policies, strategies, and procedures providing internal
consistency and management. Development of an
effective safety management system implies creation of awareness, understanding, motivation, and
commitment among all the employees in an organization [2].
To achieve best performance, safety must be
integrated into all the organization’s decisions and
404

actions. Multi-criteria decision analysis (MCDA)
methods have become increasingly popular in decision-making for safety management systems because of the multi-dimensionality of the goal and
the complexity of socio-economic and technical
systems [3]. Decisions regarding the operational
management of health and safety are based on the
analysis of safety indicators [4,5].
The main factors affecting the quality of occupational safety are the technical, human, organizational, and environmental factors. Specific performance and indicators should be defined for each of
them. There are many indicators, and therefore it
is necessary to make a selection of key indicators
and to define a method to determine their impact on
the safety status. The complexity and large number
of quality indicators of occupational safety requires
the use of analytical tools that allow consideration
of problems in multiple dimensions, testing of all
these indicators in the same way, taking into account the different attitudes of the participants involved in the operational safety management decision-making process. Such a requirement can be
realized using multi-criteria analysis and methods
of multi-criteria rating and/or decision making.
In literature, the problem of occupational safety
has been considered from different perspective. In
this study is applied a systematic approach to the
analysis of safety indicators. We defined factors,
performances, and safety indicators. The AHP
method is applied for ranking the key indicators
of occupational safety. The case study was conducted at the Road construction company “Niš”.
Materials and methods
Safety factors, performance and indicators
The concept of occupational safety performance includes a set of indicators that quantitatively or qualitatively describe the specific effects,
contributions, and results achieved in the system
Volume 10 / Number 3 / 2015
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safety. Indicators “measure” change in the level of
occupational safety over time as a result of actions
taken to reduce relevant risks [5].
Organization for Economic Cooperation and
Development (OECD) defines two classes of indicators: activity indicators and outcome indicators [6]. Activity indicators are used as means of
measuring actions or conditions that, in the context of prevention, preparedness, and response to
the accident, should maintain the current situation
or lead to improvements relating to the protection.
Outcome indicators are used to measure the results, effects, or consequences of actions that are
performed in the context of programs relating to
accident prevention, preparedness, and response.
In [5], two types of indicators are defined: direct indicators and indirect indicators. Direct indicators include various types of empirical data. Indicators that provide early warning are known as
indirect (or predictive) indicators, which measure
the performance of functional units in the organization, such as operation, maintenance, training,
and engineering support [7].
Hopkins discusses two dimensions of protection: the protection of employees and protection of
the process, based on which he defines two types
of indicators: lagging indicators and leading indicators [8]. Lagging indicators are measures of
adverse outcomes such as, among others, injuries,
accidents, accidents avoided, number of deviations from the permissible limits of the process, release of chemicals, high level alarms, procedures
not performed properly, failures of components,
lack of equipment [9]. These indicators must be
monitored, but they do not give enough useful information for the prevention of accidents. Leading
indicators determine the quality of activities that
prevent adverse outcomes [10]. These indicators
were selected for early warning in order to prevent occurrence of accidents. These include training, monitoring and inspection, mechanical integrity testing, timely maintenance, use of checklists,
regular screening procedures, and risk assessment
for the analysis of the level of protection. Based on
the reasons for particular types of indicators, we
can conclude that there are essentially two types
of indicators of occupational safety: (1) indicators
of activity, indirect or leading indicators and (2)
indicators of outcome, direct or lagging indicators.
Volume 10 / Number 3 / 2015

Based on the literature review [5, 9-11], and the
authors’ own research, we define the structure of
criteria, sub-criteria, and safety indicators (3 criteria, 4 sub-criteria, and 48 indicators). This structure is neither complete nor final.
AHP-based ranking of occupational safety indicators
The Analytic Hierarchy Process (AHP) was developed by Thomas L. Saaty in the 1970s [12]. It
is a multi-criteria decision making methodology
that considers both subjective and objective factors in the evaluation process.
AHP is used for determining priority in a safety
management system [3]. Performance indicators
are important in organizational safety management
systems [4], and in these systems, the multi-criteria
decision analysis can be used to rank indicators.
AHP method is applied to the ranking of safety indicators, as presented in the following text.
Goal identification. The goal is to rank key occupational safety indicators.
Identification of criteria, sub-criteria, and
alternatives. Basic requirements on which occupational safety is based (risk, costs, and social
responsibility) are identified as criteria, factors affecting the quality of occupational safety (technical, human, organizational, and external environmental factors) as sub-criteria, and the key occupational safety indicators as determined by experts
from the list of the proposed indicators are identified as alternatives. Experts could also add some
new key indicators.
Hierarchical structure formation. The AHP
method presents a problem in the form of hierarchy. Generally, a hierarchy is structured from the
top level (goal or objective) through intermediate
levels (criteria and sub-criteria) to the lowest level
(alternatives). In order to rank key occupational
safety indicators, it is important to define the hierarchical structure, which has four levels: the first
level or the top level represents the ranking of key
occupational safety indicators; the second level
considers relevant criteria (risk, costs, and social
responsibility); the third level considers relevant
sub-criteria (technical, human, organizational,
and environmental factors); and the fourth level
defines key occupational safety indicators. Figure
1 shows the hierarchical scheme for ranking occupational safety indicators.
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Figure 1. Hierarchy scheme for ranking occupational safety indicators
Pair-wise comparison. Pairs of elements of a
problem at each level are compared according to
their relative contribution to the elements at the hierarchical level above. The decision maker or expert
group estimates the relative contribution of each
pair to the objective, or to the criterion, using the 1-9
comparison scale, as shown in Table 1 [12, 13].
Pair-wise comparisons at each level, starting
from the top of the hierarchy, are presented in the
square matrix form A = [aij ]i , j =1, n , where n is the
number of compared elements. Elements of A, aij,
are the judgements about the relative importance
of alternative i over alternative j. They have the
following characteristics: aij=1 for i=j and aij=1/
aji for i≠j.
Determination of relative weights. Mathematical basis for determining weights based
on matrix theory was proposed by Saaty [13].
The procedure, which is called an eigenvector
approach, is based on a special type of matrix
called a reciprocal matrix. The objective is to find
w = ( w1 , w2 ,..., wn ) , where w is an eigenvector and a

column matrix. An eigenvector can be generated
in different ways. This paper presents the most
frequently used method for determining the eigenvector for matrix A.
The procedure for obtaining the eigenvector involves the following steps:
(1) The sum of all elements in each column of
matrix A is calculated; (2) Elements of each column are divided by the sum obtained in the previous step; and (3) the average value of each row
is determined. A column consisting of the average
values is a normalized vector (or an eigenvector,
or a priority weights vector) [14].
As a result of applying the procedures for determining relative weights, the following vectors are
defined: eigenvector of criteria: wc = ( wc ,1 , wc , 2 , wc ,3 )
, where wc,i is the weight of i-th criterion, and
3

∑w
i =1

c ,i

= 1 ; eigenvector of sub-criteria for every

single criterion: w s c , i = ( ws c , i1 , ws c , i 2 , ws c , i 3 , ws c , i 4 ) ,
where wsc,i is a sub-criteria eigenvector for the i-th
criterion, wsc,i,k is the weight of the k-th sub-criteria
4

in relation to the i-th criterion, and

∑w

s c, i k

k =1

=1

; and eigenvectors of alternatives for every single
wa ,k = ( wa ,k1 , wa ,k 2 , wa ,k 3 , wa ,k 4 , wa ,k 5 ) ,
sub-criterion:
where wa,k is an alternative eigenvector for the k-th
sub-criterion, wa,kj is the weight of the j-th alternative

in relation to the k-th sub-criterion, and

5

∑w
j =1

a,k j

=1 .

Checking results consistency. Consistency
implies that the decision making procedure involves coherent judgements in the process of
specifying the pair-wise comparison of criteria or

Table 1. Scale of relative importance [13]
Relative importance
Definition
1
Equal importance
3
Moderate importance
5
Strong importance

Description
Two actions equally contribute to the objective
One action is slightly favoured over another one
One action is strongly favoured over another one
One action is strongly favoured and its dominance is practically
7
Very strong importance
demonstrated
One action is favoured over another (the highest possible order of
9
Extremely important
affirmation)
2, 4, 6, 8
Intermediate values
These values are used when some kind of compromise is needed
Reciprocal values of above mentioned
If action i has one of the above mentioned numbers assigned to
numbers
it compared to action j, then j has reciprocal value compared to i
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alternatives. However, given the above characteristics of the matrix (reciprocal and regular diagonal matrix with elements aii =1), small changes in
the values of aij retain the highest eigenvalue, λmax,
while other eigenvalues are almost equal to zero.
Therefore, the deviation of λmax from n is used to
determine the level of consistency.
The consistency index is calculated as follows:
C I = (l max − n) (n − 1) . The consistency ratio is

calculated as follows: C R = C I R I , where RI is
a random index.
Table 2 shows random indices for matrices
n x n , where n = 1, ... ,8 is the dimension of a corresponding matrix. If a consistency ratio is 0.10 or
less, it can be considered acceptable; otherwise, the
judgements should be improved.
Table 2. Random indices [15]
n
RI

1
0

2
0

3
4
5
6
7
8
0.52 0.89 1.11 1.25 1.35 1.40

Global priority determination. The final stage
of the AHP method involves finding a composite
normalized vector (or a vector of global priority),
which shows the contribution of certain alternatives to the achievement of the goal. The composite
vector is used to calculate the relative priority of
all elements at the lowest hierarchical level, which
allows reaching the goals of the overall problem.
Case study
The described method of ranking safety indicators will be used in the example of the Road
construction company “Niš”. This company has
a long and successful tradition in its field and it is
currently the leader in the domestic travel industry,
as evidenced by the number of newly-constructed
sections of roads in Serbia. Road construction company “Niš” maintains 1366.2 km of roads. This is
the basic network of roads in Niš, Pirot, and Toplica
districts, which provides a smooth flow of 90% of
road traffic in the territory. Long-term plans are that
the company, as part of the Nibens Group, contribute to its strengthening and increase the competitiveness in both the domestic and foreign markets.
The activity of the company includes: construction and maintenance of highways and roads, construction and maintenance of city roads, construction of airport runways, construction and mainteVolume 10 / Number 3 / 2015

nance of bridges, construction and maintenance of
tunnels, and production of stone materials.
During our research of safety indicators in this
company, we began with the basic requirements on
which occupational safety is based (risk (R), costs
(C), and social responsibility (SR)), and factors that
influence the quality of occupational safety (technical (TF), human (HF), organizational (OF), and
environmental factors (EF)). The key occupational
safety indicators are selected by the risk assessors
(experts) at the Institute for Quality of Working
and Living Environment “1. May” in Niš. These
experts participated in the risk assessment in the
preparation of the document on risk assessment for
a number of road construction companies, including Road construction company “Niš”. The experts
selected 20 key indicators (five indicators within
each group of factors) that best represent the state
of occupational safety in this company. These are:
1. Technical indicators (TI): the number of
protective levels (TI1), the number of failures of
technical safety systems (TI2), the number of accidents (TI3), the intensity of maintenance (TI4),
and maintenance costs (TI5).
2. Human indicators (HI): the rate of injuries
(HI1), an index of skills of employees (HI2), the
degree of compliance with operating procedures
(HI3), employee satisfaction index (HI4), and the
number of errors and omissions (HI5).
3. Organizational indicators (OI): the efficiency of safety resource management (OI1), the number of jobs with increased risk (OI2), the number
of controls of workplace safety in practice (OI3),
the annual average number of hours of employee training (OI4), and the number of guidelines
for occupational health and safety and employee
health preservation (OI5).
4. Environmental indicators (EI): the level of
safety technologies (EI1), the level of implementation of legislation (EI2), the number of implemented voluntary standards (EI3), the number of
available databases of accidents (EI4), the number
of available funds (EI5).
Subsequently, the AHP method was applied,
which is based on the following comparisons: (1)
comparison of the defined criteria (risk, costs, social responsibility); (2) comparison of sub-criteria
(technical, human, organizational and environmental factors) according to each criterion individ407

technics technologies education management

ually, and (3) comparison of key indicators within
each sub-criterion. Results of the comparisons are
shown in Tables 3-10. The following eigenvectors
are presented in these tables: eigenvector of criteria (Table 3), eigenvectors of sub-criteria (Tables
4-6), eigenvectors of alternatives (Table 7-10), as
well as corresponding values for inconsistencies
of all indices (CR - Consistency ratio).
Table 3. Pair-wise comparison of safety criteria
R
1
1/3
1/3

R
C
SR

C
3
1
1
CR=0.0067

SR
3
1
1

wc
0.600
0.200
0.200

Table 4. Pair-wise comparison of sub-criteria in
relation to the risk
TF
HF
OF
EF

TF
1
3
3
1/3

HF
OF
1/3
1/3
1
1
1
1
1/5
1/5
CR=0.022

EF
3
5
5
1

wsc,1
0.153
0.389
0.389
0.069

Table 5. Pair-wise comparison of sub-criteria in
relation to the costs
TF
HF
OF
EF

TF
1
1/5
1/3
1/3

HF
OF
5
3
1
1/3
3
1
3
1
CR=0.027

EF
3
1/3
1
1

wsc,2
0.520
0.079
0.201
0.201

Table 6. Pair-wise comparison of sub-criteria in
relation to social responsibility
TF
HF
OF
EF

TF
1
3
5
5

HF
OF
1/3
1/5
1
1/3
3
1
3
1
CR=0.022

EF
1/5
1/3
1
1

wsc,3
0.069
0.153
0.389
0.389

Table 7. Pair-wise comparison of technical indicators
TI1
TI2
TI3
TI4
TI5
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TI1
1
1/3
1
1/3
1/3

TI2
3
1
3
1
1

TI3
TI4
1
3
1/3
1
1
3
1/3
1
1/3
1
CR=0.0027

TI5
3
1
3
1
1

wa,1
0.334
0.111
0.334
0.111
0.111

Table 8. Pair-wise comparison of human indicators
HI1
HI2
HI3
HI4
HI5

HI1
1
1
3
1/3
1

HI2
1
1
1
1/3
1

HI3 HI4
1/3
3
1
3
1
3
1/3
1
1/3
3
CR=0.0149

HI5
1
1
3
1/3
1

wa,2
0.165
0.165
0.442
0.063
0.165

Table 9. Pair-wise comparison of organizational
indicators
OI1
OI2
OI3
OI4
OI5

OI1
1
1/3
1
1/3
1/3

OI2
3
1
3
1
1

OI3 OI4
1
3
1/3
1
1
3
1/3
1
1/3
1
CR=0.0027

OI5
3
1
3
1
1

wa,3
0.334
0.111
0.334
0.111
0.111

Table 10. Pair-wise comparison of environmental
indicators
EI1
EI2
EI3
EI4
EI5

EI1
1
1/3
1/3
1/3
1/5

EI2
3
1
1
1
1/3

EI3 EI4
3
3
1
1
1
1
1
1
1/3
1/3
CR=0.0149

EI5
5
3
3
3
1

wa,4
0.442
0.165
0.165
0.165
0.063

According to presented data, the following results are obtained:
1. Global priorities of sub-criteria:
 0.153
0.389

0.389

0.069

0.520
0.079
0.201
0.201

0.069 
0.6 
0.153  
0.2
=
0.389   
 0.2 
0.389   

0.210 
0.280 
=

 0.353


0.159 

 wTF 
w 
 HF 
 wOF 


 wEF 

2. Global priorities of key occupational safety
indicators:
TI:

0.334 
 0.111


 wa ,1=
 [ wTF ] 0.334  [=
0.210]


 0.111
 0.111

0.070 
 0.023


=
0.070 


 0.023
 0.023

 wTI ,1 
w 
 TI ,2 
 wTI ,3 


 wTI ,4 
 wTI ,5 
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HI:

 0.165
0.046   wHI ,1 
 0.165
0.046   w 



  HI ,2 
 wa ,2 =
 [ wHF ] 0.442  [=
0.280] =
0.124   wHI ,3 




 
 0.063
 0.018  wHI ,4 
 0.165
0.046   wHI ,5 

OI:

0.334 
 0.111


 wa ,3 =
 [ wOF ] 0.334  [=
0.353]


 0.111
 0.111

EI:

0.442 
 0.165


0.159]
 wa ,1=
 [ wEF ]  0.165 [=


0.165


 0.063

 0.118
0.039 


=
0.118


0.039 
0.039 

 wOI ,1 
w 
 OI ,2 
 wOI ,3 


 wOI ,4 
 wOI ,5 



0.070 
0.026 


=
0.026 


0.026 
0.010 

 wEI ,1 
w 
 EI ,2 
 wEI ,3 


 wEI ,4 
 wEI ,5 



Based on the previous results, we can conclude
the following:
1. Occupational safety is primarily based on the
estimated risk (weight of this criterion is wR = 0,6
, as shown in Table 3). The criteria of “costs” and
“social responsibility” are equally important (
w C = w S R = 0,2 , Table 3) but are much less valued than the criteria of “risk”.
2. In relation to the risk, human and organizational factors are dominant, followed by technical factors, while the least important are environmental factors ( w H F , R = w O F , R = 0.389;
w T F , R = 0.153; w E F , R = 0.069 , Table 4). In relation to the costs, the most important are technical factors, which are followed by organizational
factors and environmental factors, while the least
significant are human factors ( w T F , C = 0.520;
w O F , C = w E F , C = 0.201; w H F , C = 0.079 , Table
5). Organizational factors and environmental
factors are dominant in relation to social responsibility, followed by human factors and, finally,
technical

factors

( w O F , S R = w E F , S R = 0.389;

w H F , S R = 0.153; w T F , S R = 0.069, Table 6).
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3. As regards global priorities of sub-criteria,
the most important are organizational factors (
w O F = 0.353 ), followed by human factors (
w H F = 0.280 ), technical factors ( w T F = 0.210 ),
and environmental factors ( w E F = 0.159 ).
4. Among the technical indicators, the most
important indicators are the number of protective levels and the number of accidents (
w T I 1 = w T I 3 = 0.334 , Table 7); among the human indicators – the degree of compliance with
operating procedures ( w H I 3 = 0.442 , Table 8);
among the organizational indicators – the efficiency of safety resources management and the
number of workplace safety controls in practice
(wOI1 =wOI3=0.334, Table 9); and among the environment indicators – the level of safety technology (wEI1=0.442, Table 10).
5. The indicators ranked in the first six places
in the final ranking of indicators based on the value of global priorities of key occupational safety
indicators are: the degree of compliance with operating procedures (wHI,3=0.124); the efficiency
of safety resources management (wOI,1=0.118);
the number of workplace safety controls in
practice (wOI,3=0.118); the number of protective levels (wTI,1=0.070); the number of accidents
(wTI,3=0.070); and the level of safety technology
(wEI,1=0.070).
Conclusion
Indicators of occupational safety quantitatively
or qualitatively describe and “measure” specific
effects, contributions, and results that are achieved
in the safety system. The results of analysis of
these indicators are the basis for making decisions
in the process of occupational safety management. Therefore, they should be meaningful, informative, and measurable, and should reflect the
opinion of decision makers according to different
states of the occupational environment.
Indicators should be defined in relation to all
factors that affect occupational safety: technical,
human, organizational, and environmental factors.
The particular choice of indicators should be consistent with the circumstances in which the safety
409
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system operates. This will allow adequate definition of both leading and lagging indicators.
From the aspect of safety it is important to monitor leading indicators, since they indicate the quality
of activities that can prevent adverse outcomes (accidents, injuries). In this way, they point to the existing gaps and initiate decisions on their elimination.
The case study shows that there is a small number of lagging indicators among the best ranked indicators. The top-ranked lagging indicator “number
of accidents” is in the fifth place. Directing activities
to continuous monitoring and optimizing the values
of leading indicators leads to minimization of the
value of lagging indicators, which is the main objective of managing occupational health and safety.
In this case study, the reduction of accidents and
injuries can be influenced by increasing the level
of respect of operating procedures, efficiency of resource protection, practical control of occupational
safety, as well as the number of safety levels and
levels of occupational safety technology.
Proper definition of the key safety indicators,
their ranking by application of modern ranking
methods, and continuous monitoring and improvement of the value of the highest ranking indicators
help improve the occupational safety system quality and thus the competitiveness of the organization.
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Abstract
Connection between risk factors and PSV
(peak systolic velocity) in tibial artery and claudication distance in smokers and non-smokers with
lower extremities peripheral arterial disease on supervised exercise.
Material and methods: The study included 180
subjects in the Vascular Disease Clinic of the University Clinical Center Sarajevo divided into two
equally numbered groups: smokers (n=90), nonsmokers (n=90). Before participating in the study,
the subjects had to meet the inclusion criteria.
Results: Analysis of mean value and difference
between study groups, difference of statistical value
between groups had shown with regards to cholesterol (F=.464; p=.001). By applying multiple regression model, we were able to establish connection
between predictors (cholesterol, triglycerides, pulse)
and criterion variables (peak systolic velocity and
claudication distance). Standard regression coefficient for predictor variables (Beta) analysis showed
negative prognostic, which lead to conclusion that
the higher predictor values the lesser peak systolic
velocity and shorter the claudication distance.
Conclusion: Quitting smoking decreases atherosclerosis development and incidence of recurrent myocardial infarction, thrombosis, heart arrhythmia and death of cardiovascular cause.
Key words: PSV, claudication distance, peripheral arterial disease, no-smoking, smoking
cholesterol, triglycerides
Introduction
Peripheral arterial diseases (PAD) imply atherosclerotic obliteration of infrarenal abdominal
aorta, pelvic arteries and lower extremity arteries
[1],[2],[3],[4]. Peripheral arterial disease risk facVolume 10 / Number 3 / 2015

tors are similar to those important in the etiology of
coronary arterial disease: smoking, dyslipidemia,
diabetes mellitus and hypertension [5],[6],[7]. The
most common peripheral arterial disease presentation is the intermittent claudication [8],[9]. Smoking is significant risk factor for PAD with possible
fatal consequences [10],[11]. Several epidemiologic
studies of lower extremities peripheral arterial disease showed that the smoking was significant risk
factor and was dose dependant. It turned out that
smoking was greater risk factor for peripheral arterial disease than coronary arterial disease. In most
studies, claudication patients were smokers at some
point of life [12],[13],[14],[15],[16],[17]. Quitting
smoking is associated with rapid decrease of claudication incidence, which, following a smoking-free
year, equals those in non-smokers. Most epidemiologic studies show connection between hypertension
and arterial disease of lower extremities, although
interpretation of such findings is difficult since artery blood pressure represents the component of
the very disease (ankle brachial index (ABI)) and
as such can affect the level of ischemia and symptoms [7],[18],[19],[20],[21],[22]. The entire study
was conducted at the Vascular Disease Clinic of the
University Clinical Center Sarajevo. Study was controlled between the two defined comparative groups.
Method
The aim of the study was to identify influence
of risk factors on the peak systolic velocity and
claudication distance in smokers and non-smokers
with lower extremities peripheral arterial disease.
Subject sample
Retrospective – prospective, clinically descriptive, controlled study was conducted involving
subjects from Vascular Disease Clinic of the Uni411
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Gender analysis of study subjects showed that
the majority in both groups were males, 66.7% in
smokers group and 60.0% in non-smokers group.
There was no statistically significant difference in
the study groups in relation to gender (χ2= .861;
p=.353). Average subject age in the smokers group
was 48.2 ±3.50 years, whereas in non-smokers was
48.6 ±3.93 years. Age analysis of study subjects
showed there was no statistically significant difference between the study groups. Following ultrasound measuring of PSV in pedal arteries (table
1), it was established that the subjects from smokers
and non-smokers group had pathological values that
had no statistical difference between them (F=.550;
p=.459). Mean PSV value in smokers group was
27.79±8.29 cm/s, and in non-smokers group
28.74±8.98 cm/s. Mean value of study claudication
distance in smokers group was 382 m, whereas in
412

Mean

Std.
Deviation

Std.
Error
.87

28.74

8.98

.95

Smokers 382.12 153.90 16.22
Non387.23 165.13 17.41
smokers
Smokers

4.52

.60

.06

Nonsmokers

4.816

.60

.06

Smokers

1.40

.353

.04

1.36

.315

.03

80.44

10.41

1.10

86.43

10.61

1.12

Nonsmokers
Smokers
Nonsmokers

Sig.

Group

8.30

F

Variable
PSV

27.79

Claudication
distance

Results

Smokers
Nonsmokers

Triglycerides Cholesterol

Variables sample
Intermittent claudication is a clinical syndrome
caused by steno-occlusive atherosclerotic process
of terminal aorta and distal branches resulting in
chronically decreased extremity perfusion [5]. We
measured claudication distance in both subject
groups. PSV values were measured by color doppler sonography of posterior tibial artery (PTA)
– done on ultrasound device Vivid 5m, high frequency 12 MHz probe, linear 4cm, where we measured PSV (peak systolic velocity) over PTA. Lipid
profile was made for each patient (cholesterol and
triglycerides). Lipid status was established by enzyme photometric method on biochemical analyzer
Hitachi 912, and was interpreted as increased or
decreased – beyond reference values (total cholesterol: 3.5-6.5 mmol/l, triglycerides: 0.5-2.1 mm/l)
– reference values of Clinical Biochemistry laboratory of the University Clinical Center Sarajevo.

non-smokers group was 387 m. By applying ANOVA test to claudication distance values of smoking
and non-smoking subjects, no statistically significant difference was established - (F=.046; p=.830.).
Cholesterol and triglycerides values were tested in
each subject (table 1). By applying ANOVA test,
statistically significant difference was established
in cholesterol values (F=.464 p=.001). In relation to
triglycerides values, no statistically significant difference was established between the groups (F=.724
p=.371). Cholesterol and triglycerides values were
within reference values. Mean cholesterol value
in smokers subject group was 4.52±0.60 mmol/L,
and 4.81±0.60 mmol/L in non-smokers group.
Mean triglycerides value in smokers subject group
was 1.41±0.35 mmol/L, and 1.35±0.31 mmol/L in
non-smokers group. Analysis of pulse mean values
in smokers and non-smokers group showed no statistically significant differences in mean values and
were within reference values, which was confirmed
by ANOVA test (F=.95; p=.758).
Table 1. Mean values and differences between
study groups

Pulse

versity Clinical Center Sarajevo. Vascular Disease
Clinic is the tertiary level of health care. The study
included 180 subjects from Vascular Disease Clinic of the University Clinical Center Sarajevo. All
subjects were divided into 2 equal groups: smokers (n=90), non-smokers (n=90). We measured
claudication distance, PSV, lipid profile and pulse
in both subject groups.

.550 .459

.046 .830

.464 .001

.724 .371

.095 .758

Multiple regression model established connection between the predictor variables (cholesterol, triglycerides, pulse) and criterion variables
(peak systolic velocity -PSV and claudication).
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Table 2 shows that the absolute values of linear
correlation coefficient (R) have mean linear relationship between predictor and criterion variables
in both study groups (R=.496; .321; .464; .435).
R- squared analysis or coefficient of determination showed that smokers group had higher coefficient of determination, i.e. showed that smokers
group had more pronounced individual intergroup
differences (R Squared= .246; .215). It means
that, based on the three predictor variables, we
have been able to explain 22% and 19% variability in smokers group with respect to connection
between cholesterol, triglyceride and pulses and
peak systolic velocity (PSV) and claudication.
Non-smokers group had much lower coefficients
of determination (R Squared= 7% and 16%).
In table 3, we tested the null hypothesis for
population coefficient of determination. Null hy-

pothesis was tested by F-test. The table shows that
where coefficient of determination was different
than zero, the F-values were significant, which
means that using regression model to explain conditions in both study groups was sensible.
Table 4 depicts significance results for regression coefficients of predictors in both study groups.
Significance of unstandardized coefficient (B) was
identified through t-test, where it could be seen that
t- is significant (p < .05) except in pulse (p=.976)
in non-smokers group with PSV and cholesterol as
criterion variable (p=.114), triglycerides (p=.238)
in non-smokers group with claudication as criterion variable. Analysis of standard regression coefficient for predictors (Beta) showed them to be
negative, which leads to conclusion that the higher
predictor values the lesser peak systolic velocity
and shorter the claudication distance.

Table 2. Model Summary
Model
1
1
1
1

R
.496a
.321a
.464a
.435a

R Square
.246
.103
.215
.189

Adjusted R Square Std. Error of the Estimate
Group
Criterion
.219
7.33108
Smokers
PSV
.072
8.65377
Non-smokers
.188
138.72054
Smokers
Claudication
.161
151.26212
Non-smokers

a. Predictors: (Constant), Pulse, Triglycerides, Cholesterol

Table 3. ANOVAa
1
1
1
1

Model
Sum of Squares
Regression
1504.94
Regression
738.78
Regression
453008.31
Regression
459020.47

df
3
3
3
3

Mean Square
501.65
246.26
151002.77
153006.82

F
9.334
3.288
7.847
6.687

Sig.
.000b
.025b
.000b
.000b

Group
Smokers
Non-smokers
Smokers
Non-smokers

Criterion
PSV
Claudication

a. Dependent Variable: PSV, Claudications
b. Predictors: (Constant), Pulse, Triglycerides, Cholesterol

Table 4. Coefficientsa
Model
Cholesterol
Triglycerides
Pulse
Cholesterol
Triglycerides
Pulse
Cholesterol
Triglycerides
Pulse
Cholesterol
Triglycerides
Pulse

Unstandardized Coefficients
B
Std. Error
-3.410
1.323
-5.802
2.232
-.268
.078
-3.799
1.551
-6.160
2.993
.003
.089
-49.974
25.038
-114.428
42.242
-4.821
1.467
-43.308
27.113
-62.205
52.311
-5.411
1.563
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Standardized Coefficients
Beta
-.247
-.247
-.336
-.254
-.216
.003
-.195
-.262
-.326
-.157
-.119
-.348

t

Sig.

-2.57
-2.59
-3.45
-2.44
-2.05
.031
-1.99
-2.70
-3.28
-1.59
-1.18
-3.46

.012
.011
.001
.016
.043
.976
.049
.008
.001
.114
.238
.001

Group
Smokers

Non-smokers

Smokers

Non-smokers
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Discussion
Occurrence and development of atherosclerotic process are induced by numerous risk factors.
Atherosclerosis is a system disease of blood vessel, which commonly affects several vascular beds
[23]. Peripheral artery failure is frequent steno-occlusive artery disease of extremities that was, until recently, known as isolated event occurring first
and foremost in the affected extremity or part of
the body [24]. Active smoking is a known risk factor for development of peripheral arterial disease.
Data in many studies showed connection between
passive smoking and coronary disease and stroke.
However, there are just few studies on connection
between passive smoking and development of peripheral arterial disease. Lu L. at al conducted this
type of study in Scottish families, including only
non-smoking family members older than 18. Results showed that exposure to smoking ≥40 hours
weekly significantly increased risk for development of peripheral arterial disease. Based on the
said results, they are giving support to smoking
control [13],[14]. Peripheral arterial disease represents important clinical presentation of cardiovascular diseases and leads to morbidity and mortality
increase, especially in elderly. Proper management
of peripheral arterial diseases implies prevention of
cardiovascular diseases, symptom relief, and most
commonly, intermittent claudication [25],[26]. In
terms of both criteria, cholesterol was the strongest
connection in both study groups. In atherosclerotic
lesions, a major part is played by complex lipid
deposits (mainly LDL-cholesterol) in the arterial
walls in the area of developed endothelial dysfunction. Depositing is higher with higher concentration
of blood cholesterol [27],[28]. Cholesterol is present in the blood in free and esterified form, bound
to one fatty acid molecule. Cholesterol esterification in blood plasma is performed through enzyme
action known as lecithin - cholesterol acyltransferase (LCAT). Most commonly, around 75% of total
cholesterol in plasma is esterified by linoleic acid
(55%). Many cells have specific lipoprotein receptors, which transport lipoprotein in the cells, where
they are being degraded by lysosomes thus releasing the cholesterol. The most portion of free cholesterol is found in tissues [29]. Hyperlipidemia is the
most prevalent risk factor for atherosclerotic dis414

ease, even more prevalent than smoking. It was later proven in experiment that hypercholesterolemia
directly affects endothelial function, by initiating
atherogenesis processes [30], [31], [32]. Specific
risk factors may be significant for development of
the disease in specific areas [33], [34], [35].
Conclusion
Following ultrasound PSV measuring of pedal arteries, it was established that subjects both in smokers and non-smokers group had pathological values
with no statistical difference between the respective
groups. Moreover, the study did not show statistically significant difference in claudication distance
in both study groups. Based on the regression model
results, we can conclude that claudication distance
and PSV values are lower when cholesterol and
triglycerides values are higher. Smoker group had
more pronounced connection between predictors,
i.e. cholesterol and triglycerides with the peak systolic velocity and claudication distance which tells
us that smoking subjects are more likely to develop
cardiovascular diseases. U.S. Department of Health
and Human Services proposed quitting smoking as
integral part of primary and secondary prevention of
cardiovascular diseases. Quitting smoking decreases atherosclerosis development and incidence of
recurrent myocardial infarction, thrombosis, heart
arrhythmia and death of cardiovascular cause.
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Abstract
Proper understanding the builders from changing nature of sustainable architecture values, urban develop appropriate rules and regulations
with approach of protecting the environment and
consistent with local values in different areas, the
systematic construction is considered as the main
challenges of sustainable architecture. Thus sustainable architecture is a function of the interaction of environmental sustainability indicators,
proper implementation of standards by all engineers, designer, performer, contractor. Research
method in this paper is analytical and descriptive
and type of applied and be implemented as survey. The statistical population of research was the
city of rasht and a sample size includes 250 cases
of all those involved in construction engineering
disciplinary organization, associate organization
of province, contractor associations, population of
province advisors and experts of housing and urban development and the technical office of General Governor and the islamic revolution housing
foundation that are selected and calculated by using Morgan formula. Method of data analysis is
performed by using descriptive and inferential
statistics (appropriate tests). Results of research
indicated that there is a significant relationship
between efficient training and technical feasibility of municipal rules and regulations in order to
achieve sustainable development indicators such
as protecting civil rights and observing levels and
per capita urban, deploying building in proper position, good shape , building strength, building
safety, public health of building, designing right
site, skylight, sustainability land. However, there
is a weak significant relationship between training
operators and and unstable conditions for social
and economic and retention of sustainable develVolume 10 / Number 3 / 2015

opment indicators for architecture. Additionally,
the findings indicate direct relationship between
the values of sustainable architecture with training architect, process of continuity activities, programs and th e effectiveness of training courses
through the creation of incentive mechanisms and
getting positive feedback.
Key words: A r chitecture Training, Sustainable Development, Sustainable Architecture, City
of Rasht
1. Introduction and statement of the problem
Nowadays concerns about training architecture and coordination with compliance of new
approaches is expanding [1]. Concepts such as
sustainable development, sustainable design, ecological design, green design, design compatible
with environment [2], environmental design in the
world, and ect has preoccupied the thoughts of designers and architects [3]. Simultaneously with job
complexity of architectural and develop rules and
regulations urban planning appropriate with climate and socio-economic of places has increased
the importance of training engineers and technicians of architecture and urban planning. When
cities were simplified, technical changes was little
and construction executives and practitioners don’t
have need to rise the level of their technical skills.
But the accelerated changes that have occurred
in recent years have created increasing pressure
on the engineering disciplinary organization and
technicians because in addition to improve technical knowledge, increase the quality of products
and the use of new technology. In this regard, in
order to preserve the value of an old Iranian architect are mentioned to Andre Godard words that
he belive,”The supreme Iranian art, real meaning
of art has always been its architecture. This is true
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even in the Islamic period” [4]. Began training architecture may be attributed to arose the possibility of conveying concepts and human experience to
modify the natural environment surrounding. This
position was coincides with the emergence of language and write [5] Such abilities has always been
move their developmental direction impressed by
findings most of the scientific and technical and
Throughout the history is influenced by cultural
and economic development and this has led to a
multiplicity and variety of training methods. architecture training such as other training methods of
theoretical and practical in various sciences and career coordinate themselves with changes and developments and has noticed comments of craftsmen
and art experts to creative and innovations. In the
middle ages schools of architecture, painting and
sculpture were associated with religious doctrine
and from renaissance era to contemporary architecture has influenced development of political, social
and philosophical schools of art. Different schools
of architecture in Iran and western countries also
affected the national culture and religious beliefs,
climate and local materials and technologies and
has presented special method of education. Thinking and sustainable approach to architectural design
is effort for adjusting architecture design with the
environment. In other words, sustainable architecture by using design tools and construction techniques and creating proper relationship between the
environment and building can minimize negative
impacts of construction on the environment. And
with social and psychological needs of individuals
is caused to achieve goals of sustainable development [6]. In general, traditional education, based on
integration and coordination of the functional procedures, recognition of the environment and respect
for nature, attention to spiritual values and moral
solved physical and aesthetic needs of people in
their age and it has brought peace and glory. Presence of political and philosophical schools in the
eighteenth century and the advent of the industrial
revolution influenced in creating materialistic view
to human environment and is considered a landmark in the process of teaching the arts, especially
architecture [7]. Then architecture search for the innovative creation of spaces and structures parallel
to the development of science and technology, and
ultimately human comfort provide by assistance
418

use of installations and fossil fuels. So architecture
training has been combines of innovative design
techniques and and functional aspects of structures
methods and installation. Since the energy crisis
of the seventies and the subsequent environmental
problems overshadowed many human activities
and the field of architecture and urban design that
have a large share of energy consumption and environmental pollution have been faced with the difficult challenge. To care for the planet and ecosystems and the need of future generations entered the
new concept of “sustainability” in literature of all
science and the arts. Then concept of sustainability
was considered in development and environmental
design of synthetic in micro-and macro-scale. This
concept is based on three principles: conservation
in natural resources, the design based on the life cycle and human values, important developments created in the field of sustainable production and consumption and field of architecture and urban leads
to the benefit of the environmental forces and harmony with ecology. As the United Nations Human
Development Report (1998) stated, consumption is
necessary for a growing economy, but the shape of
dictated consumption has direct relationship with
the level of consumers awareness and people and
empower trainings [8].
So the conventional and common training based
on the use of facilities in building and lack of attention to the impact of construction on environment had been changed. European countries due
to limited energy and environmental problems and
global warming and climate change were experiencing difficult to shape a multilateral. So speed,
design and manufacturing process has been revised
and the overall direction of architecture training
planned in sustainable development, development
that will meet the needs of the human without negative impact on quality of life future generations [5]
Challenges created in this way with local instability
and single-level communities has been incidence,
[8] sometimes in the executive management agencies and sometimes in a community. In this paper,
the relationship between architecture training and
its influence factors are analyzed. Thus with a survey of members of the Engineering Disciplinary
Organization in Guilan province and technicians
that are over fifteen thousand people with content
of training courses available, approaches to sustainVolume 10 / Number 3 / 2015
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able development in training, environmental conditions setting, designing in harmony with the climate, as well as engineers tend to these approaches
be researched and evaluated.
2. Theoretical foundations of sustainable
architecture training
Le Corbusier in his famous book “Towards a
New Architecture” believes that later big issue
that group needs create them, gives a new dimension to design problem. He believe that new life,
a new plan has asked and expected [9] and elsewhere says that architecture hardly adapted to
new conditions and there is still its spirit in last
life [10]. Currently architecture training is considered one of the most important topics the field of
architecture in Iran, because in this period, various issues and facilities is designed in the field of
appropriate architecture training. So regardless
goals, plans consciously moving it is difficult [11]
in any of Sustainable architecture training should
be considered these points: to identify the correct
approach in design program.
To select and to apply right specific tools and
lateral for each step of the design process.
Interpret and compare different options and solutions to provide the best design that meets the
requirements.
Combining all topics related to architectural
design and seeing it not as separately and means
but as part of total [12]. Also, nearly 12 years
have passed from statement declaration of the
international associations union by emphasizing
correlation for a sustainable future and nearly a
decade have passed from declaration of features
and specifications in sustainable education by department of educational, scientific and cultural in
United Nations (UNESCO), the Union of International Associations. two statement recommends to
architectural experts that must be followed procedures to achieve ecological sustainability and
in architecture training sector has been recorded
environmental balance and sustainable development of the built environment from architecture
training goals. From since then, many schools of
architecture added new courses rely on the technical aspects of sustainable to the curriculum. For
example, it can mentioned to a course entitled
Volume 10 / Number 3 / 2015

“Energy Intelligent Design” or “Bioclimatic Architecture”. With these interpretations has been
done the different consider of training sustainable
architecture and several attempts have occurred in
the world universities. It efforts include to provide
a conceptual model to the practical training programs that this paper focuses on two models of
sustainable architecture training. The first is the
following conceptual model that was proposed in
1998 by J. J. Kim and the other model is practical
that is running out in Oregon the College of Architecture in United States of America. Kim conceptual model includes three levels of principles,
strategies and methods. The three-level meets
three issues of environmental architecture training that include “self-awareness”, “ expressing
ecosystem structure “ and “training how to design
sustainable buildings”. Also this conceptual model
meets three principles of “people-oriented”, “design based on life cycle” and “ Saving resources”
that saving resources is the following reduction,
use renew and recycling natural resources that are
entered the building [13]. So the theory of sustainable architecture is obtained a lot of debate of sustainable architecture and environment fans about
environmental issues, particularly urban environment and ideas of architecture and urban design
that followed it was presented “theory of sustainable architecture development to support environmental resources “ In opinion of Jabcos “ stability
means that the environment must be protected in
such a way that its capacities preserved over time,
and at least is avoided as much as the next environmental disaster and the extent to which future
generations will also allow it to good use. In fact
this definition reflects impact of human activities
on the natural environment very well. This definition emphasizes the following: 1. protection of
resources, 2. prevention of environmental degradation, 3. social justice 4. considering future generations [14]. Thus the theory of sustainable development in architectural education is based on
two fundamental assumptions:
a. Planning for the appropriate use of facilities
(land, materials, energy, human resources,
etc).
b. Inhibition of nuisance and environmental
pollution (noise, smells and other
environmental pollution, etc.). In this regard
419
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attention to sustainable development in the
building design and construction will have
such a results:
○ Efficient use of natural resources
recognized,
○ Identify new natural resources,
○ Lasting buildings (buildings useful life),
○ Trying to re-use construction materials
and recycling materials used,
○ To use types of energy in the production
of building materials and construction
and building maintenance. [6]
3. Research background
In the history of architecture training, the emphasis has shifted from product to process [15]. Investigation of the relationship between humans and
the environment in architecture and urban planning
resulting from the requirements of planning process
in the world. In 1920 Regional Planners Association The aim of the association so noted:
“The purpose of this association is to create the
conditions for a harmonious relationship between
humans and the environment based on biology that
expresses a deep interest to constraints of human
intervention in natural processes” such as climate
change in city. Since the late sixties, designers of
protesting conservationists, their opposition with the
West and unleashed lifestyle and luxuries expressed
with questioning consumer habits and values [16].
They believed in this way that should restricted
cancerous growth of cities with aim reducing their
harmful effects on residential areas. So the development of the Tennessee Valley was formed in the
same way. Gardens of Howard cities also had such
as content in England and discussion of “environmental quality improvement” was one of the goals
establishing the garden in cities. In this regard goals
of sustainable development architecture consists of:
Protection of resources: a. Efficiency of use of
resources b. Saving resources c. Replacement of
resources d. Maintaining the biological diversity
use of structures.
Proper physical development (ie the adaptation
of the natural environment and the built environment). As a form of urban development that has
created a negative impact less on wasteland and
open and methods and must be protected forms
420

of the physical appropriate construction that have
natural environment compatibility.
Social justice: social justice is to promote forms
of development that reduce the gap between rich
and poor. Realize sustainable development has
the need to coordination and must also take place
between rich and poor countries within the same
country. Both poor and rich countries are causing environmental pollution. The problem causing these allows for international cooperation is
achieve a level of social justice. Another factor is
attention to future generations that they should not
be deprived of these resources. Consequences and
lack of attention to this problem will cause intergenerational poverty. Environmental Quality: This
objective seeks to prevent the reduction processes
that it is caused environmental degradation and
environmental pollution. In other words, development should be supported that does not jeopardize
the health of humans and other creatures [17].
Social benefits, environmental and economic in
the field of sustainable architecture plays a major
role. ” M. Wolffe & A. difsh” in study in College
of Design and Environment of Netherlands Dolf
University By inventing value-based approach was
designed a new way to measure and assess the level
of knowledge and ability to special environmental
design in architecture field. In this way six word
VALUED monitor six key concepts in the design:
– Values: it is where the design problem
and a summary of the values aspects and
environmental standards are described.
– Assessment: students and engineers are
encouraged to develop environmental
design measures with goal of determining
criteria of judgment in design.
– Link of Design and Assessment: In this
section expresse analysis of the relationships
between design and assessment in order to
better understand environmental elements
and the role of measures.
– Understanding: assimilation and comprehension of information unrelated to other
items.
– evaluation: Each selection criteria of student
should be capable of critical analysis.
– Design: assessment based on the environmental measures to promote capabilities
[18].
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According to research, “Boyer and Mitagang “
if sustainable architecture conduct by users, will
need to run the following important issues:
1. Awareness: familiarity with specific
information, including facts, definitions,
concepts, rules and procedures in the field
of sustainable architecture.
2. Attract and understand the information
unrelated to other items in the field of
sustainable architecture.
3. Abilities: skill in relating specific information
and use it to complete the work and find the
right solution for it. Architecture, lecturers
of Oregon University, especially David
Posada are seeking practical procedures
and models for training sustainable
architecture. Important practical model that
was presented by Posada is communication
and interaction of environmental control
system classes with design workshops. In
other words, he believes that utilizes set of
a non-traditional practical training to join
the seemingly non-related topics is needs
of sustainability training. His proposed
practical model emphasized to utilizes the
idea of “multiple scales”. This way students
can be right understanding of the design
at any scale that has been the result of a
higher scale or influence on a smaller scale.
In this approach of designing due to the
generality the dominant on the project also
dont neglect from component and is done
moving top-down and bottom-up in design
workshops [13]. Finally, they conclude that
actually future of training and experience of
sustainable architecture is essential habits
for learning and discovery, and implement
and sharing knowledge in the living to
improve environment [19].
4. Objectives and principles of sustainable
development in urban architecture
The goal of sustainable architecture is seeking
form of economic system and physical that considered environment so be able to reduce the negative
effects of human activities on the environment. It
support form of the development of spatial systems
that will minimize the use of resources. It protecte
Volume 10 / Number 3 / 2015

a model of urban planning that enable appropriate integration of spatial and economic systems in
order to reduce regional inequalities and the balance. The first is focus to space and the second is
focus to the economy. In this way planning is a
system That is able to combine these two models.
Pursue a policy based on sustainable development
in architecture requires a political system based
on the participation of all engineers, administrators and people in the decision-making process,
the economic system to reduce the the challenges
of developed areas and undeveloped; respect to
maintaining the principles of ecology and attention to sustainable technology, business, green finance and the international system to monitor sustainable values with codification and regulations
take steps towards sustainable development goals
by participating countries [20].
Intermediate objectives of activities in every
urban community is to improve the quality and
quantity conditions of human life. So in sustainable
urban development also will be achieved with this
goal , the following principles will be noticeable: 1.
Relationship with nature 2. Protection and safety 3.
Assessment 4. Awareness and knowledge 5. Unity
and Holistic. According to the defined dimensions
of sustainable urban development, the following definition for this type of development is appropriate:
“Changing density and of urban land use to meet the
basic needs of people in housing, transportation, leisure, etc. So that the city be habitable environments
and life, economically be viable and socially be
equal. So that technological and industrial change
be found maintain employment, appropriate conditions of housing and environmental” [21] Another
definition include “sustainable cities in term of economic are self-sufficient and efficient, in terms of
social are justice-oriented, and biologically protect
from all types of natural” [22]. “Andre godi» states
four characteristics for the ability to sustain environment against human and natural attacks: Degree of
vulnerability, adaptation and resilience capability,
power of restoration and return to first situation,
acceptance of durability situation and the ability
to sustainability. Such as degree of vulnerability in
small city is not comparable with a big city [23]. In
this context, characteristics of sustainable architecture include: a.wareness of resource constraints, b.
To prevent inappropriate development of space c.
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Recycling materials, d. Developing and replacing
clean energy in the city. These issues are concerned
to those involved in the planning, including planner,
people and government. Water resources, soil, land,
air, organisms, mines and ... are not unlimited and
created under certain conditions and human can not
destroy all of them. In here it should be try to discover forms of suitable development: For example, in
the field of transportation must follow the network
of transport that consider constraints of land, water
and soil. Currently there is transport systems such
as public transportation, semi-public transportation,
railway, subway and underground railway, water
transportation, private cars, bicycles and pedestrians. A sustainable society focus on a balanced transportation system. sustainable cities focuses on green
design and relies on urban parks, gardens, croft,
trees and continuous hierarchy of open spaces and
green in local region and area of city [24]. Physical form of sustainable city is compact city and density and hence compact architectural patterns. This
design prevents large development of the city and
limit urban footprints [25] It can create compression
residential complexes and by increasing density and
height and a more open land. When city compressed,
the role of walking, cycling and public transport due
to the compactness and low distance and the cost
effectiveness of this form and using transportation
facilities is more suitable. Because of scattering in
urban areas, the use of public services is not appropriate. In issues related to sustainable development,
two discussion compact use of land and land use
change is imporant. Space that more valuable, more
beautiful, more comfortable and safer it will be left
to its and building is being built in parts of the site
that is less pleasant [26].

5. Research Tool
Research tool is a survey researcher made
questionnaire. Three types of questionnaires have
been developed for both engineers and technicians architecture. In order to determine validity
of questionnaire, 30 questionnaires were distributed among a number of engineers and were asked
to express their comments correction in relation
to questionnaire. After receiving comments and
modify the questionnaire to make changes, the final questionnaire was prepared. To determine the
reliability of the questionnaire, 30 people randomly selected from the target population and after
data extraction, alpha coefficient was calculated in
likert scale that was obtained 78% (table 1).
6. Methods of data analysis
After collecting and classifying data are used
both descriptive and inferential statistical methods
to analyze data. In descriptive statistical methods
to determine the statistical of demographic characteristics is used tables frequency distribution, pie
charts and bar. In inferential statistics, Spearman’s
test is used to analyze the hypotheses. Also data
collected from the questionnaire and answers related to it are analyzed by using SPSS, and Excel.
7. Research findings
7.1 Descriptive findings
7.1.1 Profile of respondents
From 250 respondents, 140 male (56%) and
110 female (44%) has been selected to complete

Table 1. The Cronbach’s alpha coefficients results of the eight components of training for sustainable
architecture
The eight components
Awareness of urban regulations
Involvement
Building physical stability
Appropriate Site plan
Climatic conditions
Collective Skills
Society conditions
Stable values
Average of items
422

Number of Variables
3
2
3
4
4
2
2
6
26

Cronbach’s alpha coefficients
0.78
0.77
0.79
0.78
0.75
0.80
0.77
0.79
0.78
Volume 10 / Number 3 / 2015

technics technologies education management

the questionnaire. Age Status and education level
of the respondents is depicted in figure 1 and 2
(doctoral, master, bachelor and Associate). 53%
were bachelor and 47% of them were Ma and PhD.
7.1.2 Methodology of research and statistical
population
Method of research is descriptive and statistical
population includes engineers and technicians of
Construction Engineering Organization in Guilan
province and technicians Organization of Guilan
Province in 2011. Statistical population among engineers and technicians that are willing to cooperate
in the field of this research, it estimated 250 samples
according to Morgan table . 10% of the samples
was determined Perth(No reply) and questionnaires
have been completed by cluster sampling.
7.2 Inferential Findings of Research
The research hypothesis is based on two main
assumptions: A. It seems that there is a significant
relationship between the training of sustainable architecture for all of engineers and technicians and
fulfill all the indicators of sustainable architecture.
B: there is direct relationship between architecture
training and sustainable development values in
the city. According to research subject, eight components on context of 26 variables and in likert
spectrum format was analyzed for identifying indicators and the extent of their relationship with
the role of training in achieving sustainable architecture (Conceptual model (Figure 1)). In this context, the relationship between variables was tested
by using Spearman’s test. analytical results of
findings is formulated from the statistical tests in
order to confirm or reject hypotheses as follows:
A. relationship between training of sustainable

architectur and awareness of standards (assessing
needs, planning and implementation) in architecture:
As can be seen in Table 1, significant Level is
lower than (0/05), and interpret So that there is relationship between assessing needs, planning and
implementation and the realization of sustainable
architecture. Therefore in analysis of this variable
should be acknowledged that whatever appropriate annual assessment, planning, and implementation of training courses be more disciplined, more
organized, more coordinated, thus achieving sustainable architecture is possibil. In other words,
editing assessment plans and having annual plans
and targeted in the charter of sustainable architecture development with the participation of all
stakeholders building architecture and local communities is achievable the realization of sustainable architecture (table 2). Also there is significant
relationship (0/03 less than 0/05) between sustainable architecture training and engaging engineers
and technicians of architecture (adopte the sustainable role of all architecture stakeholders and
their accountability). In other words, with the participation of engineers and technicians, public liability and other influential organizations in adoption of sustainable architecture and its protection
have high coefficient. The findings indicate that
furthermore these variables, according to table 2,
there is significat direct relationship between sustainable architecture training and building physical stability with respect to variables of strength,
safety and public health of building. It means that
with sustainable architecture training, there is access to building strength in terms of attention to
natural issues, the use of sustainable materials and
provide general criteria of building according to
dense forms and more reasonable density.

Table 2. The analysis correlation coefficients and Spearman test of the variables in samples
Test
spearman’s rho

Variables
Awareness of urban
regulations

spearman’s rho

Involvement

spearman’s rho

Building physical
stability

P < 0.01

Indicators
Sig. (2-tailed)
N
Sig. (2-tailed)
N
Sig. (2-tailed)
N

Sustainable architecture training
.001
250
.03
250
.000
250

**

Volume 10 / Number 3 / 2015

423

technics technologies education management

Figure 1. The conceptual model of Assessment Pattern the effective indicators between architecture
training and sustainable development
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B. the relationship between sustainable architecture training with component of desinging site
plan: significant level of this variable is (0/01),
thus there are significant and strong relationship
between these variables (table 3). Variables related to appropriate site plan include placement
of the building, appropriate geometry shape and
fragment size. sustainable architecture focused on
establishment of buildings in north-south direction of building, natural skylight (building heating and hot water supply), airflow, and attention
to the differences of climate and using appropriate
forms for separate buildings, and considering the
larger pieces for the vertical shapes of the buildings development in order to minimize the use of
resources and maintain them in order to attention
to future generations (table 3).
There is relationship of significant, direct and
very high (0/000 that is less than 0/05) between
sustainable architecture training and variable of
climatic conditions (temperature, rainfall, wind
direction and skylight right). Therefore, with sustainable architecture training will provided the
possibility of achieving for sustainable design of
local and indigenous conditions in different areas of Iran and in this case, from the available resources based on areas place differences can be efficiently utilized for preservation of resources and
sustainable of buildings. In addition to it , there
is significant relationship between sustainable architecture training and component of community

skills (teamwork and negotiation) (0/000 that is
less than 0/05) . This variables provide the necessary capacity to listen to others’ opinions, new
ideas and innovative designs and this desings develop with right criticism and evaluation through
the process of dialogue and negotiation to the development (Table 3).
C. relationship of sustainable architecture
training with the conditions of society: This component has been analyzed with variables such as
socio-economic conditions and it means that there
is relationship between sustainable architecture
training with socio-economic conditions. But this
relationship is weak. Because in social and economic conditions of Iranian society that is very
complex and changing, by rely on this stormy
conditions can not pass up sustainable architecture
training (table 4).
D. relationship of sustainable architecture
training with the component of sustainable development values: This relationship was confirmed
with variables such as sustainable architecture and
environmental protection, to minimize differences
through efficient design, using minimal resources
and energy, to create sustainable forms of architecture, conservation of soil and water resources
and weather, action and impl e mentation of sustainable architecture patterns in a very high level
of significance (+ 0/013) (table 4).
Finally, according to these findings, approach
to sustainable architecture training should be on-

Table 3. The analysis correlation coefficients and Spearman test of the variables in samples
Test

Variables

spearman’s rho

Appropriate Site plan

spearman’s rho

Climatic conditions

spearman’s rho

Collective Skills

P < 0.05

Indicators
Sig. (2-tailed)
N
Sig. (2-tailed)
N
Sig. (2-tailed)
N

Sustainable architecture training
.01
250
.000
250
.04
250

**

Table 4. The analysis correlation coefficients and Spearman test of the variables in samples
Test

Variables

spearman’s rho

Society conditions

spearman’s rho

Stable values

Indicators
Sig. (2-tailed)
N
Sig. (2-tailed)
N

Sustainable architecture training
.05
250
.013
250

P < 0.05
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going continuously, everywhere, at all ranks and
qualifications in engineering, social groups affected by their projects and in order to life, interaction,
understanding and acting of sustainable architecture fussiness.
8. Conclusion
Due to numerous environmental problems in
cities around the world and Iran, progressive destruction and very fast of renewable resource, severe degradation of soils, water resources, land and
air, forming new ideologies of development and
sustainable forms of architecture by providing the
cheaper plans, efficient, with consumption of low
energy and emphasis on innovation and creativity with maximum efficiency and performance,
beautifully is consider current architecture needs.
In addition, the challenges of sustainable architecture training in the academic community and did
not link educational system after the university
with the organizations responsible for the design
such as construction engineering organization and
technicians, planning necessary for setting goals
of careful and useful, planning and evaluation; is
needed more than ever comprehensive training in
level of intermediate macro and micro. Therefore,
sustainable architecture training should be linked
flexiblity and by defining the precise objectives and
benefits derived from the the global and and indigenous (Iran ) challenges and resolve development
problems in Iran through providing plans of more
stable, durable, efficient and a minimum of using
resources.
Thinking and sustainable approach to architectural design is effort for adjusting architectural
design with environment. In other words, sustainable architecture by using design and construction
techniques and making the proper relationship
between the building and environment, can minimize negative impacts of construction on the environment and by meet the needs of social and psychological in individuals is due to achieve goals of
sustainable development.
Findings of research show that there is significant relationship between sustainable architecture
training and variables of standards awareness (assessment, planning and implementation) and is
essential by the annual assessment, planning, and
426

implementation of training courses more regular,
more organized, more coordination, should be
possible to achieve sustainable architecture. Also
there is significant relationship (0/03 less than
0/05) between sustainable architecture training
and engaging engineers and technicians of architecture (adopte the sustainable role of all architecture stakeholders and their accountability). The
findings indicate that furthermore, there is significat direct relationship between sustainable architecture training and building physical stability with
respect to variables of strength, safety and public
health of building. It means that with sustainable
architecture training, there is access to building
strength in terms of attention to natural issues, the
use of sustainable materials and provide general
criteria of building according to dense forms and
more reasonable density.
b. The findings indicate that there is high significant level (0/01) between sustainable architecture training with designing appropriate site
plan of buildings. sustainable architecture focused
on suitable direction of the construction in land,
improvement skylight (building heating and hot
water supply), airflow, and attention to the differences of climate and using appropriate forms
for separate buildings, and considering the larger
pieces for the vertical shapes of the buildings development in order to minimize the use of resources and attention to future generations.
In addition to other findings led to confirm
the relationship between sustainable architecture
training and variable of climatic conditions (temperature, rainfall, wind direction and skylight
right). Therefore, with sustainable architecture
training will provided the possibility of achieving for sustainable design of local and indigenous
conditions in different areas of Iran and in this
case, the available resources based on areas place
differences can be efficiently utilized for preservation of resources and sustainable of buildings. In
addition to it has established a strong relationship
between the training of sustainable architecture
and component of community skills (teamwork
and negotiation) in order to the necessary capacity to listen to others’ opinions, new ideas and innovative designs, right criticism and evaluation
through the process of dialogue and negotiation to
the development.
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c. relationship of sustainable architecture training with the conditions of society: This component linked with variables such as socio-economic
conditions and has been analyzed.it means that
there is relationship between sustainable architecture training with socio-economic conditions.
But this relationship is weak. Because in social
and economic conditions of Iranian society that is
very complex and changing, by rely on this stormy
conditions can not pass up sustainable architecture
training.
d. Finally, it was analyzed relationship between
sustainable architecture training with the component of sustainable development values. This relationship was confirmed with variables such as
sustainable architecture and environmental protection, to minimize differences through efficient
design, using minimal resources and energy, to
create sustainable forms of architecture, conservation of soil and water resources and weather, action and implementation of sustainable architecture patterns in a very high level of significance
(+ 0/013).
So two research hypothesis are confirmed ie
A. It seems that between sustainable architecture
training for all engineers and technicians ... and
the realization of sustainable architecture indicators and b. between architecture training and sustainable development values in the city, there is a
direct relationship.
Finally, according to these findings, approach
to sustainable architecture training should be ongoing continuously, everywhere, at all ranks and
qualifications in engineering, social groups affected by their projects and in order to life, interaction,
understanding and acting of sustainable architecture fussiness
9. Suggestions
- Providing comprehensive training and
formal written, informal toward sustainable
urban architecture.
- Clarification of the rules and regulations
of sustainable urban development and
protecting free flow of information in the
field of architecture and urban planning.
- Integrating sustainable development values
in architecture and their marking in making
Volume 10 / Number 3 / 2015

-

-

-

-

-

-

-

urban planning regulations in the strategic
plans, comprehensive, conductors and other
municipal projects in Iran.
Financial support for creating NGOs social
organization in urban neighborhoods and
providing a technical from innovations in
the field of sustainable architecture.
Changes in the behavior of the existing
architecture design and cultural to achieve
values and the goals of sustainable urban
architecture.
Conducting applied research and organizing
contests to support designs by sustainable
urban architecture approach.
Utilizing Iran vernacular architecture
knowledge and its link to sustainable values
of world architecture with emphasis on the
achievements.
Providing monitoring system for large-scale
projects to implement them with the values
and goals of sustainable development in the
third millennium with emphasis on stability
of ecologically, social sustainability,
cultural, economic and physical.
Providing and implementating various
patterns of sustainable architecture training
to organize existing data, analyze and provid
more flexible designs with an emphasis on
relationships between ideas, design and
finally evaluation of projects.
Holding workshops to evaluate the work of
professional architects in Iran.
Simulation of sustainable design in
architectur to provide a more practical and
efficient models of sustainable architecture
in order to making culture to move step by
step in the field of sustainable architecture in
Iran.
Forming a committee of Sustainable
architecture with purpose of selecting sample
designs and annual appreciation from the
premier ideas: Encouraging by providing
higher capacity to creative architects that
with the goal of new ideas can move toward
sustainable architecture.
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Optimizing logistics processes along ten-t
corridors by applying fuzzy logic in the
decision-making process
Samir Causevic, Drago Ezgeta
Faculty of Transport and Communications, University of Sarajevo, Sarajevo, Bosnia and Herzegovina.

Abstract
The development of multimodal transport in
South-East Europe requires improvements in quality and capacity of road infrastructure, railroad infrastructure, inland waterways and sea transport
infrastructure along TEN-T corridors. It is also
necessary to improve operations in intermodal
terminals thus improving ways of equipping the
terminals and harmonizing their capacities.
Together with the construction of road infrastructure in Bosnia-Herzegovina, it is also necessary to undertake measures regarding enhancing
efficiency of transport and logistics operations by
means of developing and using new transport and
logistics services. The activities to develop multimodal transport infrastructure conducted so far
with the aim of redirecting load towards more
efficient modes of transport less harmful for the
environment have not met the desired goals, and
the users are, at the same time, struggling with
fuel prices, congested existing infrastructures, and
strong competition on the market.
The JIT (Just-In-Time) strategy requires that the
logistics operations and new strategies of in-time
delivery are better harmonized. It is necessary to
enable a sequential flow of delivery according to
certain delivery deadlines without storing goods
which implies an exchange of components by
various suppliers in order to carry out the delivery
plan more efficiently.
Key words: managing logistics chains, logistics processes, fuzzy logic, multimodal transport.
Introduction
The European Union has intensified the TENT (Trans European Network – Transport) Network
development with the aim of enhancing efficiency
of transport and logistics processes. The TEN-T
430

Network development should strive to direct load
towards modes of transport that are less harmful for
the environment and that would allow lower costs.
The activites to develop transport infrastructure
conducted so far have not met the desired goals.
The users are, at the same time, exposed to consequences of the congested existing infrastructures
and high costs of logistics services. In order to
achieve the desired goals, it is necessary to, apart
from developing the infrastructure, develop new
methods and processes that would optimize the
logistics processes and thus meet the desired requirements of users and advantages of individual
modes of transport in logistics chains.
In order to enhance utilization of multimodal
transport, it is necessary to, on the basis of objective criteria, optimize logistics chains in order for
the users of logistics services to be able to have
objective indicators of efficiency for each individual mode of transport and benefits that may result
from multimodal transport.
The implementation of fuzzy logic in optimizing logistics processes allows us to include the
order processing criteria in the very processes of
deciding on logistics operations. The implementation of non-expressive fuzzy logic in optimizing
logistics processes allows us to combine criteria in
the process of optimizing logistics processes.
Non-expressive fuzzy logic allows creation of
optimization models by means of sets of similar
and flexible criteria when managing logistics operations. Non-expressive sets may be utilized to
present flexibility in setting goals and expected
limitations. Such an approach allows to objectively assess the influence of individual optimization
parameters in order to select solutions when optimizing logistics processes and, for that matter, a
better evaluation of alternative choices in multimodal TEN-T corridors transport.
Volume 10 / Number 3 / 2015
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1. Managing logistics processes with the
aim of improving logistics services

decision-making parameters ri. The ri parameters
value may be modified by means of management

A simple strategy of managing the ordering
process is to sort orders according to the date they
were placed, so that the order placed first is the first
one to be delivered. Applied in this manner, such
a strategy does not meet priority requirements or
desired vs. actual delivery deadlines. It is, therefore, necessary to manage the ordering process according to the desired delivery time, the priority of
the delivery, or the combination of these criteria,
which requires developing far more complex algorithms of optimizing logistics processes which
imply implementation of a non-expressive fuzzy
logic. In the logistics process, one of the key tasks
is to arrange the components. The decision-making process has to include a management strategy
that will allow a components optimization according to orders for each day.
The aim of managing logistics processes is to
generate values pertaining to the decision-making
process parameter output by using ‘’external’’ information regarding the desired delivery time or
the priority level. Apart from this, the ‘’internal’’
pieces of information regarding the delivery probability or the current amount of the components at
meeting points allow for improvement along all
the logistics chains or their individual segments.

decisions or strategies, whereas the qi value is affected only by logistics services users. The open
loop strategy considers variables attached to the
desired delivery time and priority delivery of
certain orders. The closed loop strategy arranges
orders using feedback information on the actual
delivery time for certain orders. A dynamic placement of orders allows a components exchange between orders by means of virtual storage for each
component type greater than ri .
Sorting orders according to the desired delivery time is conducted according to the sequence,
so that the order with the shortest delivery time is
the first one to be delivered. The components from
the warehouse are added to the orders list, starting
with the first input component. The JIT (Just-InTime) procedure has been developed with the aim
of reducing the need for storing, which enhances
companies’ profitability. [11]
Sorting orders according to priority requires
defining criteria for determining delivery priority. It is very important to know how to define the
priorities of orders. The orders may be classified
according to size, profitability and client priority. These criteria may be inter-related so that by
optimizing logistics processes, one may ensure a
greater efficiency of the processes while reducing
the total delivery costs.
Non-expressive fuzzy logic allows for the description of complex systems without the need
to use complex mathematical models and greater
flexibility in non-precisely defined conditions in
relation to typical mathematical models. Fuzzy
logic enables creation of models which then allow
for making management decisions in conditions
which had not previously been defined precisely.
Non-expressive fuzzy logic may be used for determining priority indices in the 0-1 interval. Determining priority indices in the mathematical sense
is simple. However, they are more difficult to determine according to criteria defining orders priority and logistics services user satisfaction.
If one wishes to sort orders according to multiple criteria, it is necessary to come up with a certain
compromise that requires optimization of the goal
function. Fuzzy logic is suitable for modelling lo-

Figure 1. Managing logistics processes
(Decision-making and Management; Generating
logistics processes)
Figure 1. represents logistics processes management feedback loop, where Tni is the time of
the i component order and where Tdi is the desired
delivery time. The system of decision-making and
logistics processes management may use open and
closed loops when changing values of the output
Volume 10 / Number 3 / 2015
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gistics processes and solving problems regarding
their optimization. The goals and limitations may
be defined in the same way as the criteria in order
to reduce late arrival of the orders while making
sure priorities in logistics processes are met.
2. An approach to developing an efficient,
safe and eco-friendly logistics system in
the EU
Transport and logistics sectors play one of the
most important roles in the development of economy and life quality in the EU. Logistics is facing
new challenges, such as [12]:
– Transport and logistics services are usually
provided by small and medium enterprises,
which has resulted in a great reduction
of transport and logistics operations. In
Europe, more than 80% of road transport is
conducted by companies with fewer than 10
employees.
– Logistics services create an added value to
the product. Regardless of business plans
and institutional support when it comes
to improving the services in intermodal
transport, the value is mostly influenced by
goods’ owners and providers of transport
and logistics services.
– Sustainable development requires optimization of logistics processes. Goods vehicles
spend approximately 35% of the total

amount of the fuel spent and it is estimated
that the percentage will rise to 40% by
2030. Transport causes 23% of the total CO2
emissions.
– The local community expenditure for
constructing and maintaining transport
infrastructure, energy consumption and the
influence on the environment is quite high.
Congestion in transport networks influences
the level of transport services and transport
safety.
– Logistics sector activities are intense
whereas the profit margins are quite low,
which requires a continuous improvement
of the logistics operations efficiency.
The problems presented above raise questions
on sustainability of logistics processes in the future. The attempts to channel goods towards the
modes of transport that are less harmful for the environment have not met the expectations, and the
users are facing congestion in the infrastructure
and a strong market competition.
Information and communications technologies
play a strategic role in improving logistics processes as they: [7]
– enhance efficiency of the transport network,
enhance synchronization among providers of
logistics services, users, and state institutions
– improve sustainability of logistics services
and reduce their influence on the local

Figure 2. The intelligent cargo concept [12]
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community (transport congestion, harmful
effects on the environment)
– allow for the possibility to monitor and track
goods – the delivery process as such and the
status of each individual item.
In order to achieve the desired improvements in
the logistics processes, it is necessary to bridge the
gap between information-communications technologies and technical operability of platforms
for tracking goods, which implies that research is
conducted in two directions: [5]
– A structural approach to technological
innovations, bridging and filling gaps among
the existing technologies and ‘’intelligent
goods’’ by means of creating a new concept
of ‘’intelligent cargo’’. The technological
development should remove the existing
barriers of intelligent monitoring and
movement of goods;
– A holistic approach on logistics processes
implies development of new methods that
allow for a wider approach on the goods
movement in the logistics chain, as well
as a more efficient process of monitoring
and management of logistics operations
both locally and globally. It is necessary to
develop an information-technology-based
platform for supporting logistics processes
by businesses, public institutions and other
parties, which will enable an optimization
of logistics processes.
The development and implementation of intelligent transport systems significantly improves information exchange in logistics chains, which allows for a better connectivity of intelligent goods,
logistics services providers and users of logistics
services and state institutions.
3. Integrating the transport system of
Bosnia-Herzegovina into the TEN-T
Network with the aim of enhancing efficiency of logistics operations
Owing to the Stabilisation and Association
Agreement between Bosnia-Herzegovina and the
EU, there have been new opportunities made for a
more intense regional co-operation which implies
Volume 10 / Number 3 / 2015

a stronger connectivity of transport systems with
the neighbouring countries, as well as implementing joint infrastructural projects and harmonizing
transport regulations in order to facilitate transport
operations.
Construction of road infrastructure along Corridor Vc, as well as modernization of railway infrastructure along the Corridor would enable a
better connectivity with Corridors VII and X as
well as the development of intermodal transport.
Apart from an intense construction of the abovementioned infrastructure in Bosnia-Herzegovina,
it is necessary to start other activities that would
enhance efficiency of transport and logistics operations by means of development and utilization
of new transport and logistics services.

Figure 3. Transport connectivity of B&H with
TEN-T corridors [8]
For the transport system of Bosnia-Herzegovina
and its further development, it is rather necessary
to enable connectivity with transport systems of the
neighbouring countries making sure it is connected
with other TEN-T corridors as well. This requires
an intense construction of transport infrastructure
and harmonization of transport system functions
with transport requirements, which would further
more intensely develop the market as well as logistics and transport services. It is necessary to define
the strategy and the aims of transport system development of Bosnia-Herzegovina in order to create
conditions for further economic development. [3]
Connecting and optimizing the transport network in South-East Europe has to be realized
mostly by means of developing a competitive multimodal transport system. Economic measures for
overcoming the economic crises and the develop433
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ment of industry in South-East Europe also have to
include measures for the development of transport
infrastructure and efficiency enhancement within
the transport system, which would create opportunities for establishing a sustainable transport strategy which will then contribute to better co-operation in the whole region and a better connectivity
of the primary and secondary transport network.
Apart from constructing a transport infrastructure
in South-East Europe, there have to be attempts
made towards creating a coherent railway and road
network in the whole Europe, which will contribute
to the improvement of multimodal functionalities
in the transport system of South-East Europe.
In such a context, the simultaneous effect of reinforcing and expanding the multimodal transport
system in Europe would contribute to creating preconditions for significant improvements in efficiency, sustainability and quality of transport services.
The development of multimodal transport in
South-East Europe requires improvements in
quality and capacity of road infrastructure, railroad infrastructure, inland waterways and sea
transport infrastructure along TEN-T corridors. It
is also necessary to improve operations in intermodal terminals and thus improve ways of equipping them as well as harmonizing them with the
aim of improving logistics processes.
It is necessary to improve multimodal transport
services by means of enhancing availability and
reliability of goods operations, improving security and protection, as well as improving transport
processes monitoring. It is necessary to harmonize
transport policies and legislative frameworks in order to be able to reach the desired goals in multimodal transport in the region of South-East Europe.
The development of multimodal transport along
TEN-T corridors with the aim of improving efficiency of logistics processes requires quick solutions regarding bottlenecks, harmonizing procedures and operations among all participants, as well
as simplifying and overcoming cross-borders operations, together with harmonization of databases.
4. Optimization of logistics processes by
implementing non-expressive fuzzy logic
The role of the analysis of processes of managing logistics chains is growing when it comes to
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planning routes, information distribution, goods
production and delivery. The theoretical framework for the analysis of logistics processes is
found in the tails theory and operational research
of initial-final operations. In the last decade, models of managing procurement chains have been
developed by utilizing dynamic programming and
optimization methods by means of implementing
non-expressive fuzzy logic.
The production of goods and their distribution
requires that the problem regarding the delivery
time is solved with minimum loss in terms of surplus storage. Today, numerous companies do not
have surplus storage. They receive orders from
their clients, order goods from their suppliers and
collect goods in virtual warehouses (goods terminals, airports, ports), and then deliver the goods to
the clients. The main goal is to deliver the goods
according to the clients’ order, to the required location and on time.
The JIT (Just-In-Time) strategy requires that the
problems on the availability of goods and delivery
deadlines are handled. Determining the sequence
of delivery following certain delivery deadlines
without storing goods requires the possibility of
exchanging components by various suppliers in
order to make the delivery plan more efficient.
Such handling requires a dynamic optimization
algorithm. The easiest method of sorting orders
is following the First-In-First-Served policy, but
that method does not meet the orders requirements
in terms of priority and desired delivery time.
It is necessary to enable sorting orders according to priority and desired delivery deadlines, as
well as combining these requirements. Combining
delivery criteria may be quite useful as each order requires a specific logistics process. Applying
non-expressive fuzzy logic in optimizing logistics
processes allows us to combine criteria in the process of optimizing logistics processes.
The logistics process with virtual warehousing
may generally be described as the process consisting of the following phases:
– arrival of the order
– requests aimed at suppliers
– arrival of orders’ components
– issuing orders’ components
– delivery of orders.
Volume 10 / Number 3 / 2015
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The process of arrival of new orders and the process of delivery may be described by the theory of
tails in logistics processes. The process of the arrival of orders may be described by means of Poisson
distribution, and the process of the delivery of orders may be described by exponential distribution.
The arrival of the order involves the request of
customers for one or more components that have
to be delivered by a certain date indicated by the
order. It is necessary that the system assesses the
time of issuing components so that they are delivered by the required deadline.
The request to suppliers of components is generated after the order is accepted by the logistics
system so that various components may be required by the same supplier. The requests in the
components have to contain types of components
and their quantities in order for external suppliers
to be able to carry out the corresponding delivery.
The component arrival phase takes into consideration the time necessary for the components to
be delivered to the logistics system. That time is
called the suppliers’ delay time and it is calculated
as the time needed by the supplier to deliver the
required components. The list of components contains locations where the components are accumulated (airports, goods terminals) and their quantity.
The components issuing phase requires that all
components be delivered to accumulation points,
but not all the components have to be delivered at
the same time. This is why an order has to wait before all the other components are available. Such
a waiting list is often called the warehousing list.
Each order has its desired delivery deadline.
As components are available at different times,
it has to be determined in the decision-making
process which orders will be delivered and whether their components are available. That process is
conducted by means of comparing lists of components that were collected as well as lists of all the
components. After the decision-making process in
which the orders to be included in the delivery are
determined, a transport vehicle gathers components from accumulation points and delivers them
to users within the actual delivery time.
Non-expressive fuzzy logic allows for creating
optimization models by means of sets of similar
or flexible criteria needed for managing logistics
operations. Non-expressive sets may be used for
Volume 10 / Number 3 / 2015

presenting flexibility in the set goals and limitations. Generally, a fuzzy optimization of flexible
goals and limitations may be presented as

[

fuzzy max f1 (k ), f 2 (k ),..., f p (k )

]

k∈K
The fuzzy maximum indicates reaching the
highest value of the desired goals from f1 (k ) to
f p (k ) taking into consideration the fuzzy limitations. Assessing problems in the decision-making
process in logistics systems implies alternative solutions k ∈ K . In logistics processes, k represents
a certain distribution of orders’ components in the
set of fuzzy goals Fi ⊂ K , i = 1,2,3,.., p together with fuzzy limitations Gi ⊂ K , i = 1,2,3,.., q ,
so that goals and limitations form a set of criteria:
Ci

i = 1,2,3,..., m

for

m = p+q.

Based on the criteria set, we may define func-

tion ϕ K where [1]

ϕ K : U → [0,1]
shows the satisfaction level in logistics user’s
services depending on decision-making criteria
while choosing alternative solutions k ∈ K .
The set of fuzzy UO decisions may be defined
as depending on numerous criteria:
U O(k ) = ϕ1 (k )  ...  ϕ p (k )  ϕ p +1 (k )  ...  ϕm (k )
where  − is the fuzzy set operator
The optimum decision is the maximum of
fuzzy decisions sets:
k o p = max U O(k )
k∈K
After the desired relations among goals have
been set, modelling may be conducted by means
of average operators. In cases when criteria are
not equally important, they may be determined by
means of weighted fuzzy aggregation.
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5. Modelling logistics operations and
evaluating supply chain performances
by means of non-expressive fuzzy logic
Managing logistics processes has a strategic
influence on delivery deadlines and, consequently, on the product added value and the quality of
logistics services, which requires optimization of
the whole delivery chain. One of the key problems
of the logistics chain is managing supply chains.
Developing systems such as ECR (Efficient
Consumer Response) which enable an efficient response to a user’s request allows for an improvement in managing supply chains. In order to manage the whole supply chain, numerous companies
have developed advanced software for planning
and a timetable of logistics operations in order to
connect various systems in various segments of
the supply chain.
Conducting business over the internet has significantly affected changes in the business environment, and for that matter, logistics processes as
well. In B2B (Business to Business) and B2C (Business to Customer) communications, it is important
to assess the influence of e-business on logistics.
Globalization of the market and strengthening
competition influences demand for multimodal
transport of fragmented mail by means of various
transport planning techniques. [2]
In such an environment, the delivery has to
meet three key criteria:
1. minimum time for late arrival
2. minimum expenses of relocating products
from suppliers to users
3. maximum level of service which implies
minimum waiting time and meeting delivery
deadlines.
Generally, one has to take into account that
one user may use numerous alternative routes and
more modes of transport. This allows for more options to meet the users’ requirements when using
different channels – from the starting the delivery point. The choice of the route depends on the
optimization criterion so that some route may be
longer or cheaper. Financial and costs regarding
time often in a vague way affect the route choice
due to mutual influence certain segments of the
route have on each other. In orders, one may come
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across various problems related to managing the
supply chain and various parameters in the chain.
The aim is to offer a clear view on managing the
supply chain, classifying the parameters according
to the types of activities provided.
We will observe an example of logistics process optimization by means of non-expressive
fuzzy logic used for modelling logistics processes.
The model of non-expressive fuzzy logic for
optimizing logistics processes has been created by
means of MATLAB, as seen from Figure 4.
The logistics processes optimization models
require some simplifications, such as: [6]
– processing each order begins as soon as it
has been received;
– transport tools are always available;
– there are no unexpected incidents that affect
delay in the supply chain;
– all the ordered products are available in
the company’s warehouse and within the
required deadline.
The established model allows for multiple
simulations. For each pair (customer-order, orderorder), we may find several solutions, such as: delivery time, total cost, quality of the service.
The model contains the following subsystems:
– The ‘’supplier’’ subsystem, the input of
which is: total time and delivery completion.
The subsystem is called the ‘’supplier’’
as it allows for making decisions on the
supplier’s efficiency.
– The ‘’availability’’ subsystem, the input of
which is: suppliers and transport methods.
That subsystem provides the interval when
the ordered product will be available.
– The ‘’region’’ subsystem, which describes
the location of the customer. The input
for this subsystem is: the condition of the
transport system and the transport method.
This subsystem describes the level of
congestion in the region.
– The ‘’customer’’ subsystem, the input
of which is: region and distance. This
subsystem assesses the level of difficulty to
deliver the order.
– The ‘’delivery deadline’’ fuzzy subsystem
the input of which is: users and availability.
– The ‘’cost of transport’’ fuzzy subsystem,
Volume 10 / Number 3 / 2015
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Figure 4. Fuzzy logic model for logistics operations optimization [10]
the input of which is: mode of transport and
distance.
– The ‘’total expenditure’’ subsystem assesses
the total cost given by the provider of logistics
services. Its input is: transport expenses,
packaging expenses, and other expenses.
– The ‘’level of the service’’ fuzzy system, the
input of which is: availability, waiting time
and the share of the clients whose delivery
arrived on time. [9]
The terms such as: ‘’short’’, ‘’excellent’’, ‘’efficient’’ are non-expressive fuzzy terms used to
describe parameters in logistics chains (total de-

livery time, the level of delivery completion, the
supplier category).
The output parameters are selected according
to optimization criteria:
– the delivery deadline, TI, stands for the time
the supplier has indicated as the time of
delivering the product to the customer;
– the total cost, UT, encompasses all the
assessed delivery expenses;
– the quality of the service, QS, is measured
by customer satisfaction.
The output parameters have to optimized so that
the TI, UT and QS values are determined and so

Table 1. Non-expressive fuzzy subsets of output optimization parameters [4]
Non-expressive subsets of output parameters
Delivery time (days) (TI)
Total costs (UT)
Level of service (QS)
Volume 10 / Number 3 / 2015

I1
short [0,2]
low [0,20]
bad [0,40]

I2
medium [3,5]
medium [30,60]
medium [50,70]

I3
long [6,10]
high [70,100]
good [80,100]
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Table 2. Non-expressive fuzzy input parameters subsets
Non-expressive subsets of input parameters
TN - procurement time
TČ - pending time
UD - success of the supplier
PS - condition of the transport system
TS - mode of transport
LS - distance in km
TRP - packaging costs
TRO - other costs

U1
short [0,2]
short [0,2]
small [0,30]
moderate [0,2]
express [0,1]
short [0,200]
low [0,20]
low [0,20]

U2
medium [3,6]
medium [3,4]
medium [40,60]
medium [3,6]
standard [2,3]
medium [300,600]
medium [30,60]
medium [30,50]

U3
long [7,10]
long [5,10]
excellent [70,100]
very good [5,10]
mediating [4,10]
long [700,1000]
high [70,100]
high [60,100]

Table 3. Simulation results
TI
1.24
1.24
1.25
1.25
1.49
4

UT
12.4
12.5
12.4
13
45
12.4

QS
87
87
86
86.9
87
87.5

TN
1
3
3
1
1
1

UD
10
10
10
10
40
10

that the delivery time (TI) is minimal together with
minimum costs (UT) and the highest quality of service (QS). The aim of logistics processes optimization is to, based on input parameters, reach optimal
values for three output values that meet the customer satisfaction needs and the required delivery time,
global estimation of all the expenses and the quality
of the service. We may classify them in three nonexpressive fuzzy subsets given in Table 1.
The input model includes the following input
variables that affect managing logistics processes
functions:
– the procurement time, TN, that passes from
the moment the company orders the product
from the supplier until the moment the
product actually reaches the warehouse
– the waiting time, TČ, that passes from the
moment the order is received until the moment
the customer wishes the product to be delivered
– the success of the supplier, UD, is measured
by the correlation of the number of products
actually received from the supplier in
relation to the products that had been ordered
– the condition of the transport system, PS,
that is determined by the level of road,
railroad and air routes congestion
– the method of transport, TS, determines
the mode of transport (air transport, road,
railroad, waterway and multimodal transport)
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PS
1
1
1
1
4
1

TS
1
1
1
1
1
7

LS
100
100
100
100
100
100

TRP
10
10
10
40
40
10

TRO
10
10
10
10
40
10

TČ
1
1
1
1
1
1

– the distance, LS, between the customer’s
ordering the product and the deliverer
– packaging and products grouping expenses,
TRP
– other expenses, TRO (customs taxes, port
fees and taxes).
Due to unpredictable factors regarding delivery time in changeable working conditions, input
values may be classified in three non-expressive
fuzzy concepts that correspond to actual data.
Therefore, the optimization criterion may be
defined by the following equation:
Min J = T I + U T +

1
QS

The simulation results indicate that the minimal total costs (UT) may be reached by means of
two different values 1 and 3 of TN. The user needs
a more efficient delivery with the minimum delivery time 1 with minimal total costs.
Analyzing the final result, we find results obtained on the basis of previous criteria for determining the minimal value J.
Such a solution with the minimal delivery time
for TI = 1.24 that belongs to the fuzzy subset I1 as
the fuzzy value ‘’short’’, together with the value
regarding the level of the service QS=87 and total
Volume 10 / Number 3 / 2015
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costs UT=12,4 represents an optimal solution if the
most important value to the user is the delivery time.
If the most important value to the user is the level
of the service, in that case, in the decision-making
process, one may choose the maximum QS value
with a slower delivery time (TI). Such a solution
with the delivery time TI = 4 from the I2 subset,
where the fuzzy value is ‘’medium’’, has the highest level of service, QS=87, 5 with the total cost
UT=12, 4.
6. Conclusion
In this paper, we discussed optimization of
logistics processes by means of non-expressive
fuzzy logic. The contribution of fuzzy sets is significant as it allows us to implement new techniques of managing the supply chain, which may
easily be understood from the simulation result.
The model may be expanded by adding new fuzzy
subsystems which may take into consideration
new parameters in the supply chain.
Such an approach allows for a realistic assessment of individual optimization parameters leading to solution choices when optimizing logistics
processes and better evaluation of alternative
choices in multimodal transport.
Measures undertaken by the European Union
with the aim of redirecting load onto the TENT network according to modes of transport less
harmful for the environment and demanding less
cost have not met the desired goals, and the logistics services users are exposed to congested infrastructures and high logistics services expenses.
It is, therefore, necessary to wholly assess all
the parameters that affect logistics processes and
improve processes of managing logistics chains
along the TEN-T network with the aim of enhancing efficiency of logistics systems. Utilizing nonexpressive fuzzy logic allows us to more widely
inspect these problems and to seek further for
possible solutions that will contribute to using efficient and more eco-friendly modes of transport.
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“All people learn, consciously or unconsciously,
their whole life and have a justified need for their
learning to be recognized and supported in all forms and in all places.“ Dohmen (Dohman, n.d.)
Abstract
Lifelong learning is defined as an activity of
learning throughout life, in order to improve knowledge, skills and abilities towards personal, civil,
social and business perspectives. For a successful
transition to a knowledge-based society and economy to occur, the leading principle in the entire concept of learning and acquiring knowledge should be
based on the process of lifelong learning.
One of the concepts related to lifelong learning
and knowledge is the recognition and evaluation
of the learning based on experience (Recognition
of prior learning - RPL). The increased social
importance of RPL reflects the need for activating the entire knowledge in the society, based on
knowledge; the migration of the population; the
focus of the total increase in representation of the
elderly population; the desire to increase the quality human capital and the creation of better possibilities for development of all the members of
society. The following paper presents the systems
of validation of informal and non-formal learning
in several European countries and the concept of
such a system in the Republic of Macedonia.
Key words: entrepreneurial approaches; government; informal and non-formal learning; competences; reference; standards; certification.
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1. Introduction
Different forms of learning (formal, informal,
non-formal) cannot be reviewed in isolation from
one’s lifetime, but they should be perceived as a
parallel that complements lifelong learning, or
as a “Mixture of learning” (Rauschenbach, et al.,
2004). Although this learning mix is not recognized sufficiently in practice, it is the importance
of other, non-formal places of learning that has
increasingly been the main focus of attention. [1].
The non-formal places of learning, that are different from the formal ones, have several significant advantages. Regarding the fact that they are
non-formal, and that non-formal learning in the
context of the world is a necessity of the population in real life, all people can constantly develop
their own learning and skills. The flexibility of the
individuality of learning situations enables entry
for a large number of people that live in the reality
of changes and needs, thus understanding the need
of the unconventional biographies of learning [1].
In order to support the meaning of the above stated, we hereby state the definitions of the European
commission of informal and non-formal learning:
1.1. Non-formal learning
“Learning, that does not take place in general
education or vocational schools, and which is not
usually certified. At the same time, it is systematic (regarding the goals, duration and learning resources), and from the learner’s point of view it is
often directed toward a certain goal” [2].
Non-formal learning, regarding the education of
adults, concerns all contexts of learning, that are not
Volume 10 / Number 3 / 2015
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externally (formally) planned, but are directed and
conscious from the learner’s point of view, and enable acquiring of knowledge. In order to keep up
with the current knowledge during one’s professional upgrade, having discussions with coworkers
and solving professional problems together, reading expert publications, attending seminars and
conferences, are undertaken as a foregone ongoing
process of non-formal education.
1.2. Informal learning
“It is a form of learning that takes place in everyday life, the work place, the circle of family,
or during vacation. It is not (regarding the goals
of learning, the time of learning or the incentive)
structured and usually it is not certified. Informal
learning can be directed, but in most cases it is unconscious or unintentional” [3]
This affects primarily individuality: constant new
impressions, impulses and experiences, in order to
develop personal judgment and attitude. This enables individuals to “establish themselves in the living and working environment and in front of other
people with their own opinion and conscience” [3]
Therefore, the informal and non-formal learning are forms of self-organized learning.
In the last few years, the educational debate
in formal and non-formal part has been strongly
shaped by the idea of competence. The reasons of
such development are primarily the changes regarding the knowledge in the “postmodern world”.
For example, in the field of information technology, the level of knowledge of the individuals, in
many subject areas, has a limited reliability. That
is why owning competences, which enables acting
in unusual situations and using new information as
well, is more and more important.
At the same time, the period of the individualization of society, learning, and education highlights the responsibility of the individual. (Pries,
n.d.) The importance of “soft skills” and interdisciplinary qualifications in this context is constantly increasing. [4]
In order to confirm the education of the individual, until recently the term “knowledge” and
the research to what extent the skills and knowledge can be reproduced were in the centre of attention. [5].
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From the middle of the previous century onward, other aspects of the original goal set by
foundations, such as the ability for critical thinking, problem solving skills and the ability to cooperate, have gradually been included in the debate
on education politics. [6]
This development continues in the 80s and,
therefore, terms like “transferable key qualifications” or concepts like “to learn how to learn” become more and more popular. “This trend has finally been improved by the testing of programs of
OECD which deal with the so-called “life skills”,
which should enable people to cope with the modern and future demands, the everyday demands in
the private and professional life, both as citizens
and employees, and regarding further lifelong
learning”. [7]
Meanwhile, “development of competency” has
become the central concept in the international debate of education. The ministers of education of
[8] consider the development of competences crucial for the society based on knowledge.
“Our goal consists of the fact that we will enable all citizens to acquire competences - as basic
qualifications and assumptions for further learning, and personal and social competencies, which
are necessary for the participation in society based
on knowledge”. [9]
If the non-formal and informal learning are reviewed in the context of education for adults on
the one hand, and as an aspect of professional development on the other hand, the personal responsibility and the responsibility towards the organization itself acquire immense meaning.
“Non-formal learning is characterized by the
fact that the individual, based on the approach
to the problem or interest, which he himself has
set, and which he considers relevant, sets goals
(learning), the realization of which requires him
to develop a working plan, or learning activities,
to implement them independently, while deciding
how to deal with the difficulties that will arise, and
to finally confirm when he will consider the adopted competences favorable for realization of the
learning goal”. [3]
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1.3. Lifelong learning is a necessity, not a
luxury
Jan Figel, European Commissioner
The main goal of the concepts related to lifelong
learning and knowledge, beside the recognition and
evaluation of the learning based on lifelong experience, is to support this form of acquiring competences of those who have acquired competences in
an informal or non-formal way, and their evaluation
and recognition in a valid, certified way.
The last decade has been a period of numerous
debates on different types of approaches to confirming the non-formal and informal learning and
their factors for success. The biggest problem for
recognition of the experiential learning is its implementation within the qualification framework
on a European and national level. At the seminar
on recognition of experiential learning “Quality
and implementation of the procedures in the higher education” (“Recognition of Prior Learning:
Quality Assurance and Implementation of Procedures in Higher Education), held in Amsterdam in
December, 2008, the question of how to achieve
recognition of experiential knowledge, instigated
responses and suggestions formed as – a usage of
the learning results, the importance of building a
qualification framework, the importance of including differently affected sides in partnership with
higher education and defining education qualifications and their educational validation, introducing
mutual principles and directions for recognition
of experiential knowledge on a European and national level and forming centers of development of
experiential knowledge. (Anon., n.d.)
The usage of the term “Assessment of Prior Experiential Learning” – APEL has been accepted.
Upon the recommendation of the European Parliament and the Council of the European Union
of April 23rd, 2008, a deadline has been set for the
member states of the EU, until the end of 2010, to
form a related system of the national qualification
frameworks to the European ones. The same recommendation suggests that each of the member
states should, until 2012, enforce the introduction of
all respective certificates and qualifications which
comply with a certain EQF level, or, each respective qualification has to be defined by measurable
indicators of the appropriate levels. (Anon., n.d.)
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On October 3rd, 2013, the Law on the National
framework of qualifications was adopted, which
regulates the levels and sublevels of qualifications,
type and scope of qualifications, authorities for suggesting, adopting and classifying qualifications, authorized institutions that will act accordingly to this
Law, and the association of the National framework
of qualifications with the European Qualifications
Framework and the Qualification framework of the
European space for higher education.
1.4. Examples of some European states for
the function of the system of validation of
non-formal and informal learning
Portugal
The Portuguese system for the validation of nonformal and informal learning is based on a Referential of Key Competences. This referential provides
standards used to assess the portfolio of competences of each adult in order to achieve a certification.
The system was created mainly to address the
issue of very low levels of qualification (both
educational and professional) of the Portuguese
population. General education certification was
the priority in the first years of the system and this
is what still generates the most demand from the
Portuguese population.
For the purpose of general education, the referential is organised into four areas of competence:
mathematics, ICT, Language/Communication and
Citizenship/Employability. These, in turn, are divided into three levels of certification:
– B1 – four years of school,
– B2 – six years of school and
– B3 –nine years of school. As of June 2007,
– the system integrates a B4 level, equivalent
to 12 years of schooling. This is a more
complex standard organised across three
areas and 88 themes.
The system now also integrates the certification
of professional competences. For the moment, the
scope of this sub-system is limited to those professions were the standards of competences are available. The system has the objective of promoting
an integrated approach between school and professional certification. (Report, 2008, p. 16)
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Some countries concentrate on the process of
identifying and documenting non-formal and informal learning, for purposes of better employability
or professional appraisals (DE), without necessarily
leading to a qualification. (Report, 2008, p. 52)
Germany
According to the German national report, the
large variety of practices and programmes for
validating non-formal adeveloped can be distinguished according to their main target audience:
a) Practices for the individual documentation
of competencies that support people in assessing
their personal professional profile and in planning
their career
Most initiatives are oriented towards specific
target groups like pupils, employees, migrants,
disadvantaged youths, women returning to the labour market, persons planning a different professional career etc.
b) Practices for the assessment and documentation of competencies applied in companies /
businesses
Most practices in this field are ad-hoc and either related to the hiring procedure, the human resource development approach or the preparation
of job references. Usually the application of these
instruments and its impact on the pay scale is regulated individually within each company.
c) Practices for the documentation of competencies focusing on their integration into the national VET system
There are a number of sector-based practices
in the field of further or continuing VET (CVET).
Their frames of reference are more or less closely
related to existing occupational profiles, they follow the lines of credit systems in higher education and a step-by-step, modular design. (Report,
2008, p. 17)
Countries also encourage non-formal learning
and informal learning by making it a pre-requisite
for the award of certain qualifications (i.e. learners
have to have a period of on-the-job training to obtain a qualification). Such practices can also necessitate the identification and documentation of the
learning outcomes acquired. (Report, 2008, p. 33)
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Slovenia
The Slovene report notes that one of the methods for the assessment and recognition of nonformal and informal learning leading to publicly
recognised qualifications is through:
• Formal education programmes which incorporate work practices in cooperation with
an external provider (e.g. individual and collective learning contracts, which are the successors
of the previous dual system). To illustrate this:
during the period from 1997/98 to 2005/06, 8,852
apprentices accounting for 4% of the entire population enrolled into different vocational education programmes in the dual system of education;
woodworking, car mechanics, hairdressing and
catering were among the more popular choices.
Furthermore, in 2007, the legislation in VET
introduced the possibility to use validation processes in schools for youth and also for adults.
Validation processes can be used any way schools
decide. The primary aim of validation for young
students is to encourage them to be professionally
active and to enable them having their on-the-job
experience recognised as a part of their learning
requirements. (Report, 2008, p. 54)
1.5. The legal qualifications framework in the
Republic of Macedonia will be reviewed
in detail in the following part
In the Macedonian framework of qualifications
there are eight levels and six sublevels as follows:
Level I refers to a completed primary education, and the participants acquire a certificate,
whereas in the non-formal education and training
it refers to knowledge and skills for functional literacy and numeric skills and the participants acquire a certificate.
Level II refers to expert training of two years duration and the participants acquire a certificate for
expert training, whereas in the non-formal education
and training it refers to trainings for acquiring qualifications or part of qualifications (level of complexity 1 and 2 according to the standards of occupation)
and the participants acquire a certificate.
Level III refers to the expert education for occupation of three years duration and the participants
acquire a diploma, whereas in the non-formal education and training it refers to trainings for acquir443
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ing qualifications or part of qualifications (level of
complexity 3, according to the standards of occupation) and the participants acquire a certificate. The
students with special educational needs for level III
are educated for four years and acquire a diploma.
Level IV refers to gymnasium education, technical education and artistic education of four years
duration, and the participants acquire a diploma,
whereas in the non-formal education and training it refers to trainings for acquiring qualifications or part of qualifications (level of complexity
4 according to the standards of occupation) and
the participants acquire certificates. Students with
special educational needs for level IV are educated for five years and acquire a diploma.
Level V sublevel VB refers to post-secondary
education (specialist education and technician
exam) and the participants acquire a specialist diploma and a technician diploma.
Level V sublevel VA refers to short expert
study programs in higher education and the participants acquire a certificate.
Level VI sublevel VIB and VIA refer to undergraduate studies of three and four years duration,
and the participants acquire a diploma.
Level VII sublevel VIIA and VIIB refer to
masters and specialist studies and the participants
acquire a diploma.
Level VIII refers to doctoral studies and the
participants acquire a diploma.
Expert qualifications acquired non-formally are
evaluated and confirmed by an expert commission
formed by the Sector commissions. The expert assessment and confirmation means evaluation of
proofs and evaluation of practical skills and knowledge. A certificate is a proof of acquired expert qualification. The Sector Commission of qualifications
consists of a president and eight members: one member of the competent Ministry, the Ministry of Education and Science, the Association of Employers
from the appropriate sector, the representative syndicate of the employees from the appropriate sector,
the universities, the Centre of Expert Education and
Training, the Centre for Adult Education, the Bureau
of Education Development and the appropriate certified body for regulated professions (law chamber,
medical chamber, engineers’ chamber, etc.)
Starting September 30th, 2015 this law will be
implemented (Anon., 2013).
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2. Conclusion
The analyzed experiences for validation of nonformal and informal learning in some of the states
of EU reveal that the national contexts of the states
could be very heterogenic regarding the different
characteristics of validation, in terms of levels of
identification, evaluation and certification, but also
the stadium of development of the process, even in
the use of different meaning of the terms in different states. But, the imposed continuous need, and
the foregone development of these types of individual learning for pursuing needs and problems,
will unconditionally initiate permanent upgrades
of the systems and law frameworks. The exchange
of experience, especially with the states with longer history from the one of The Republic of Macedonia, will significantly contribute to increasing
the efficiency of this system of validation.
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