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ASSESSMENT OF POINT LOAD TESTING UNCERTAINTIES
Bulent Tutmez *1
1

Inonu University, School of Engineering, Malatya, Turkey
(bulent.tutmez@inonu.edu.tr)

ABSTRACT
Rock mechanics interests to determine physical and mechanical behaviours of rocks. To provide compressive
strength values of rock samples, the uniaxial compression test (UCS) is commonly employed. However, this
test is a time-consuming and expensive test with regard to sample preparation. As an index test, the point
load (PL) strength is employed for strength classification of rock materials. PL test is conducted by
subjecting a rock sample to an increasingly applied load until failure occurs by splitting the specimen. The
failure load and corresponded PL measurements are utilized to estimate UCS values. During this test, many
uncertainties can be encountered such as natural variability of rock, calibration and repeatability
uncertainties. In this study, both random and systematic uncertainties are considered and quantified. From a
measurement uncertainty evaluation perspective, determination of some confidence intervals using the effects
of different type uncertainty sources can provide some usable information for practitioners and researchers.
Keywords: Rock Mechanics, Point Load Test, Measurement Uncertainty.
* Corresponding author
between the PL strength and uniaxial compressive
strength (Selçuk and Gökçe, 2015). On the other
hand, the applications were only conducted based
on the testing results and their performances. In the
studies in literature, the uncertainties encountered
in the test procedures are not considered.
In practice, all the measured values are
influenced by some uncertainty. Two types of
uncertainty, random and systematic uncertainty are
specified in measurement science and these
uncertainties should be added in the final results
for providing reliable and realistic estimation.
Recently, Kuhinek et al. (2011) and Tutmez (2017)
have used measurement uncertainty framework for
this purpose. In this study, the potential
uncertainties encountered in the PL testing study
are quantified and evaluated.
In the next section, the point load strength
measurement and measurement uncertainty
analysis will be introduced. After that, an
application using real data will be given. In the last
section a brief discussion and conclusion will be
presented.

1. INTRODUCTION
As the natural materials, rocks have complex
and generally unknown processes of generation
and history of alteration. In rock engineering,
specific experimental approaches are devised to
obtain some reliable measurements. The selection
of convenient uniform rock samples and the use of
suitable
devices
for
providing
reliable
experimental test measurements with high
accuracy are essential for controlling the rock
behaviours (Mogi, 2007).
Although there are many test methods are
employed in laboratories to specify the strength of
engineering materials, the determination of the
compressive strength (CS) of rock and concrete
materials is the well-known procedure. However,
this test is a destructive test and also requires some
computer-based equipment. Many researchers and
practitioners have focused on the indirect methods
such as the Schmidt Hammer (SH) and the Point
Load (PL) tests.
The PL strength test is a simple, potable and
inexpensive index test employed for this
measurement purpose. The PL strength test is one
of the most frequently used index test in rock
engineering for estimating the compressive
strength of rocks not only in laboratory but also in
site conditions (ISRM, 1985). By this testing
method, it is aimed to classify rocks and to predict
uniaxial tensile/compressive strength (ASTM
5731, 1995).
In recent years, different studies have
been performed to understand the relationships

2. METHODOLOGY
2.1. Point Load Test
In a wide range of rock engineering
applications, there is the need to measure a tensile
or compressive strength. One of the measurement
techniques, the PL test is an index test which is
conducted by subjecting a rock sample to an
increasingly concentrated load until failure occurs
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by splitting the specimen. Fig. 1 shows the
application of this testing measure.

𝒙 = 𝒙𝒕𝒓𝒖𝒆 + 𝜺𝟏 + ⋯ + 𝜺𝑳 + 𝜷𝟏 + ⋯ + 𝜷𝑴

(2)

We denote 𝒙𝒕𝒓𝒖𝒆 = 〈𝒙〉 + 𝜶, the following short
form can be written as follows:
𝐱 = 〈𝐱〉 + 𝛂 + 𝛆 + 𝛃

(3)

where α represent the variations in the measured
variable and 〈𝒙〉is accepted as a constant.
̅ = 〈𝒙〉 + ∑𝑵
𝒙
𝒊=𝟏

𝜶𝒊
𝑵

+ ∑𝑵
𝒊=𝟏

𝜺𝒊
𝑵

+ 𝜷.

(4)

As can be noticed in Eq. (4), the term β
(systematic error) is independent from N. Hence,
the combined uncertainty is expressed as follows:
𝟏/𝟐

Fig. 1. Point Load Strength Test.

𝒖𝒙̅ = (𝒔𝟐𝒙̅ + 𝒃𝟐𝒙̅ )

The failure load is employed to compute the
point load strength index and to predict the
uniaxial compressive strength (ASTM 5731,
1995). In general, the PL strength is computed as
the ratio of the applied load to the square of the
core diameter for core sample (diametric test).
In some cases, if a block or irregular samples
are used, it is calculated by the ratio of the load to
cross sectional area (axial, block and irregular
lump tests). The uncorrected PL strength (Is) is
calculated as follows (ISRM, 1985)

In eq. (5), 𝒃𝒙̅ and 𝒔𝒙̅ represent systematic and
repeatability uncertainty, respectively. By using a
coverage term (constant), the expanded uncertainty
is provided as follows:

𝑷

𝑰 𝒔 = 𝒅𝟐 .

𝑼𝒙̅ = 𝒌𝒖𝒙̅

.

(5)

(6)

where, k represents the coverage factor. For 95 %
confidence, k is about 2 (JCGM 2008):
3. APPLICATION
A real data set provided from the rock
mechanics laboratory reference (Ulusay et al.
2005) was considered. The data set consisted of 10
sandstone samples. Because the rock samples have
heterogeneous properties, an outlier detection
analysis has been performed on the available
specimens. For this purpose, the modified
“Thompson τ Criterion” has been employed (Shen
and Yang, 2015) as follows:

(1)

𝒆

In Eq. (1), 𝒅𝒆 denotes the core diameter (mm) and
𝒅𝟐𝒆 is equal to 𝒅𝟐 for diametric tests. For block and
axial tests 𝒅𝟐𝒆 = 𝟒𝑨/𝝅 . P represents the failure
load (KN) and A is the minimum cross sectional
area of plane.
In diametric test, Is changes as a function of d.
In the other tests, this index varies by de. Hence, a
size correction is applied to provide a unique PL
strength.

̅| ≥ 𝝉𝑺𝒙
𝜹 = |𝒙𝒊 − 𝒙

(7)

In this method, the rejection region, τ is
obtained by a student-t distribution. Sx denotes the
standard deviation. If it is not satisfied, then the
data point is not an outlier. As recorded in Figure
2, there is no value above the horizontal value and
no potential outlier value is observed (Tutmez, 20
18).

2.2. Quantifying Measurement Uncertainty
Because of random and systematic errors,
measurement data cannot be regarded as true
values of the quantity to be measured. If we
represent repeatability errors with ϵ and systematic
errors with the β, an expression can be written for
a measured value as follows (Shaw, 2017):
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Fig. 2. Outlier detection.

One of two main uncertainties, the random
uncertainty deals with statistical distribution and
repeatability. For this purpose, a standard
deviation-based analysis was performed. The
uncertainty in the mean value has been estimated
𝑺
to be 𝒙 as 0.067.

are close to center more likely than near the
bounds, a quadratic distribution is fitted for
calibration error. The effect of this error is
calculated as follows:

Similarly, the other uncertainty source, the
systematic uncertainty component was handled.
Due to the various factors, the PL strength
measurements
cover
various
systematic
uncertainty sources such as resolution uncertainty
calibration uncertainty and operator bias. By
using the suitable probability density functions,
the systematic uncertainties encountered in the
measurement process have been quantified.

In addition to the equipment-based uncertainties,
the third systematic uncertainty, operator bias has
a critical importance. The operator bias can be
considered as a normally distributed error source
(NASA, 2010). It can be conceived by using ±0.5
limits at 95% containment probability. By using
the inverse normal distribution function 𝚽 −𝟏 , the
following quantification can be made:

𝒖𝒄𝒂𝒍 =

√𝒏

𝒖𝒃𝒊𝒂𝒔 =

As an equipment-dependent uncertainty, the
resolution uncertainty of PL machine is
determined heuristically from the specifications of
the indicator as ±0.1. The resolution uncertainty
can be processed as a uniformly (i.e. rectangular)
distribution error by 𝒖𝒓𝒆𝒔 = 𝒂/√𝟑 with 100%
containment probability (Tutmez 2017):
𝑢𝑟𝑒𝑠 =

𝑎
√3

=

0.1
√3

= 0.06

𝒂
√𝟓

=

𝟎.𝟓
√𝟓

= 𝟎. 𝟐𝟐𝟒

𝒂
𝚽 −𝟏 (

𝟏+𝒑
)
𝟐

=

𝟎.𝟓
𝚽 −𝟏 (

𝟏+𝟎.𝟗𝟓
)
𝟐

(9)

= 𝟎. 𝟐𝟓𝟓.

(10)

In Eq. (10), a represents the limits and p
corresponds the confidence level.
The effective number of degrees of freedom was
calculated by Welch-Satterthwaite formula
(JCGM, 2008) as v=14. For a 95% confidence
level, the coverage factor k was determined as
𝑡𝑣,1−𝛼 = 2.145. Table 1 summarizes the results:

(8)

2

The PL testing equipment is adjusted by
calibrators with an accuracy of at least ±𝟎. 𝟓. As
discussed in EURAMET (2011), since the records
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Table 1. Resulting uncertainties.
Uncertainty

Direct

Relative %

Random

0.067

2.2

Systematic

0.539

18

Standard

0.543

18.1

Expanded

1.165

38.84

The results given in Table 1 indicate that the
contribution of the repeatability error is very
limited. On the other hand, the systematic effect
has a big amount and contribution. Finally, the
relative uncertainty which is the ratio of the
uncertainty to the mean value exhibits the amount
of the final (expanded) uncertainty, is very high.
Therefore, a measurement uncertainty evaluation
should be performed to express the PL testing
results due to high contribution of the
uncertainties.

Fig. 3. Control limits for average PL measurements.
additional information to understand the process
and the problems.

To exhibit the variability of the PL measurements
at an uncertainty interval using 95% confidence,
Figure 3 has been constructed. As can be recorded
in the figure, 8th and 9th measurements are below
the average level. To gain insight into the
problem, a review on the data set has been
performed. It has been noticed that the
problematic specimens have big diameters (49.88
mm. and 49.82 mm., respectively). The variability
could be resourced from the different effective
diameters.

In this study, the effects of the measurement
uncertainties in Point Load Strength test have
been assessed. The results indicated that the
contribution of the systematic errors is very
important.
To eliminate the fixed errors, the
systematic effects should be taken into
consideration. Finally, it should be expressed that
the measurement uncertainty assessment can
provide some contributions in decision making
and quality control.
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ABSTRACT
With this research, it is aimed to investigate the fatal work accidents in construction and to determine what
defects in these accidents are and to avoid these accidents again. Data of the descriptive study The fatal work
accidents occurred in three construction sites between 13.09.2012 and 14.11.2015 in Adana and Mersin
Provinces were collected by observational and record inspection methods. It is understood that the necessary
precautions have not been taken in occupational accidents, which are referred to as judicial cases, in terms of
occupational health and safety. These work accidents are a problem that must be resolved as a country
reality, and it is understood that the specialists are invited to these work accidents by the construction which
is not secured and supervised. 15% of the occupational accidents that have been transferred to the judiciary as
forensic cases are mortal work accidents that occurred by deducting the construction plan. Mortalized work
accidents caused by low temperatures are very high and very serious work accidents that need to be solved.
Despite the importance given to occupational health and safety during the past decade in our country, there
has been no decrease in the number of accidents reported to the authorities. With this work, the fatal work
accidents caused by the fall of the construction platform were investigated and it was determined that the
causes of these accidents, who were defective in what way, and new suggestions were presented to prevent
such accidents.
Keywords: Construction Accidents, Occupational Health and Safety, Accident Analysis, Defects Rates
* Corresponding author

1. INTRODUCTION
Industrialization in the world and in our
country should be offered the highest quality of
health, particularly in the workplace, in parallel
with technological developments. Employees
should be protected from the adverse effects of
working conditions, and the best possible
alignment between work and work should be
ensured. The risks in the workplace must be
completely removed or the damages should be
minimized and the material and moral damages
that may occur should be removed. Possible
hazards in the workplace; use of mobile hand tools,
use of stationary machines and benches, ladderplatforms with mobile access equipment,
mechanical, mechanical, mechanical, mechanical,
thermal comfort conditions (temperature, humidity,
ventilation), chemical factors (toxic gases and
vapors, organic solvents, etc.), fire and explosion,
hand transportation, electrical appliances, pressure
vessels, inadequate lighting, and dusts), biological
agents (microorganisms, bacteria, viruses) and also
routine work. Some of these hazards are unsafe
actions, others are unsafe conditions. Turkey in
terms of sheer numbers of occupational accidents
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and serious consequences, ranks first among the
businesses located in the construction sector. It is
understood that in the fatal occupational accidents
caused by the forensic case falling into the
construction box, the necessary precautions have
not been taken in terms of occupational health and
safety in the workplace. 15% of the job casualties,
which have been transferred to the judiciary as
judicial cases, are mortal work accidents, It is
understood that these work accidents are an
important problem that must be solved in our
country as a country reality and it is understood
that experts invite all types of construction
workplace accidents without security and
supervision. In this study, various construction
work accidents in our country were examined and
evaluations were carried out in regards to the
defects detected in these accidents (Zile, 2013, Zile,
2015, Zile, 2016, Zile, 2017). In the case of the
fatal workplace accidents, the place where the
accident occurred, the necessary data were
collected and photographs were made. X. an
accident where the building worker A. lost his life,
the construction worker made a study where the
accident occurred when the worker was falling on
concrete slab by falling down on concrete slab and
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the accident where he lost his life by losing a
worker equilibrium from the floor of the anchored
iron bars until the seventh plate. (Zile, 2013, Zile,
2015, Zile, 2016, Zile, 2017). (Johansson 1996:
100, Bakar 1993: 50, Chandler 1983: 298).

work accident according to the tariffs of the Social
Insurance and General Health Insurance Act No.
5510 (13-a, b). In Social Insurance Law No. 5510
published in the Official Gazette dated 16.06.2006
and No. 26200 and Article 13 of the General
Health Insurance Law; 'Work accident; a) When
the insured person is at work, b) When the insured
person is punished for the work being carried out
by the employer and the insured person is
immediately or later bodily or forbidden to
apologize '. Article 2 of the current law no. 4857
states: "An employer shall not be entitled to a
person who, in an auxiliary work relating to the
production of goods or services carried out in the
workplace or in a part of the principal work,
employs the worker in his/her work, the
relationship established between the other
employer and the employer for whom he/she is
employed is called the original employer-subemployer relationship. In this regard, the principal
employer is liable to the employer of the subemployer for his or her workplace with the subemployer from his or her obligations arising from
this law, from the employment contract or from the
collective labor agreement under which the subemployer is a party. " No. 4857 No. 2. According
to Article 2, there is a joint responsibility between
the owner A. and K. of the construction and the
owner E. of T. Mobilya, who owns the furniture
business of construction, together with the actual
worker-sub-employer relationship. It is understood
that there is no threaded pipe barriers surrounding
the edge of the stairway where it can be caught and
which can be dismantled and fitted with suitable
portable equipment to prevent falling. In
Regarding Worker Health and Work Safety in
Construction Works Article 120; 'Railings will be
put on the platforms and appropriate skirts will be
placed'. Casualty worker begins to work in the
construction of furniture at the time of the incident,
but it is understood that the employer does not
supervise the use of helmets, safety belts and the
wearing of employees at the same time by
employers as personal protective equipment. In
Article 12 of the Regulation on Worker Health and
Work Safety in Construction Works; 'Where
workers in the workplace can not be safeguarded
together, they will be provided with helmets,
safety belts, work shoes, etc., which are necessary
personal protective equipment. These tools will be
in accordance with the physical structures of the
workers. The protective tools used by a worker
will be cleaned appropriately before being given to
other workers. ' In Article 13 of the Regulations on
Worker Health and Work Safety in Construction
Works, 'Safety belts will be given to workers
working in tile pavers, trenchers, all kinds of
exterior paint work, purse seine cranes, wells,

2. PURPOSE AND COVERAGE
This work has been carried out to increase the
logical awareness of the potential sources of
hazards to potential work accident risks that may
arise in construction. With this research, it is aimed
that the work accidents in the construction that are
realized by the investigation are examined at the
scene and it is determined what defects are in these
work accidents so that these accidents do not occur
again. In the place where the work geese in the
actual construction were made, the necessary data
were collected and photographs were made.
3. RESEARCH METHOD
Data of the descriptive study the three fatal
accidents at the construction sites in Adana and
Mersin Provinces between 13.09.2012 and
14.11.2015 were collected by observational and
record inspection methods. These; X. an accident
in which building worker A. lost his life,
construction worker is a work accident where a
worker lost his life by losing the balance of a
worker while he was moving from the floor of an
iron and a column of iron from the ground of an
accident where he lost his life by falling down on
concrete slab while working on the scaffolding
plank. (Zile 2013: 299, Zile 2015: 268, Zile 2017:
235).
4. RESEARCH RESTRICTIONS
In Mersin and Adana, three fatal work
accidents have been taken as basis, and it has not
been possible to go to all of the business accidents
or to determine them by random methods in other
constructions. For this reason, research findings do
not have generalizability.
5. ANALYSIS OF DEADLY BUSINESS
INJURIES REALIZED IN CONSTRUCTION
SECTOR
5.1. Accident 1
On the date of 14.11.2015 at 13:30 hours, B.
Construction, located in the building number X, is
the furniture master working in the T. Mobilya
named workplace and must use the fire stairs A.
When using the newly constructed marble stairs,
injured and then lost his life. The incident which
caused the death of the victim's worker A. is a
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Fig. 1. Crime scene investigation in the accident 1

sewers, galleries and similar depths, which are
more than 3 meters from the height of the altitude
and where there is danger of falling or slipping, B.
They will use the archives of the owner A. and K.
of the construction and the owner of the
subcontractor T. Mobilya E., T. Mobilya' s
business manager A., B. Construction's business
security specialist E. and T. Mobilya' s
occupational safety specialist, during the works
carried out on the construction work, to check the
working conditions of the workers, to check
whether the employees working in the
occupational health and safety measures that are
taken and taken during these works are complied
with, to correct negative working environment in
construction of marble ladder, completely shut off
it is understood that it has not been done. Labor
Law No. 6331; In Article 4; (1) The employer is
obliged to ensure the health and safety of the
employees related to the work; a) To carry out
studies to prevent occupational risks, to take any
kind of measures including education and
information, to make organization, to provide
necessary tools and equipment, to make health and
safety measures compatible with changing
conditions and to improve the current situation. b)
monitors compliance with the occupational health
and safety measures taken at the workplace,
inspects and ensures that nonconformities are
rectified ". In Article 5 of the Labor Act No. 6331
'(1) The following principles are taken into account
in fulfilling the obligations of the employer: a)
Avoiding risks. b) To analyze risks that can not be
avoided. c) To fight against risks at source. ç) In
order to make the work suitable for the people, it is
expressed as "to take care in the design of
workplaces, work equipment, working style and
selection of production methods, especially

negative effects of uniform work and production
tempos on health and safety". "Work platforms,
passageways and scaffolding platforms shall be
constructed, sized, used and maintained in such a
way as to protect persons from falling and falling
objects" in Article VI - Part II of Article IV - II of
the Regulation on Occupational Health and Safety
in Construction Work. Regulation on Occupational
Health and Safety in Construction Work Annex Part IV of Part B - II Article 5 'Work at high
altitudes shall be carried out only with appropriate
equipment or by means of mass protection devices
such as balustrades, platforms, safety nets. In cases
where it is not possible to implement the collective
protection measures required by the nature of the
work, appropriate tools will be provided for
reaching the work place and body type safety belts
or similar security methods will be used. Accident
victim A. It is understood that there is a work
accident due to the use of a marble staircase which
is not careful and carelessly made while using the
fire escape ladder without hearing the necessity of
using the safety belt without the floor. In violation
of Articles 4 and 5 of the Labor Law No. 6331, B.
the construction owner A. and his partner K. and
the subcontractor T. Mobilya' s owner E.,
T.Mobilya' s business manager A., B. Construction
E. and T. Mobilya' s work safety specialist, E.,
during the works carried out on the construction
work, to monitor the working conditions of the
workers, to check whether the workers working in
the occupational health and safety measures that
are taken and taken during these works, the work
environment must be corrected, the entrance and
exit of the marble ladder should not be done
completely, the wall of the stair where the boiler is
located should not be fitted with suitable pipe
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Fig. 2. Crime scene investigation in the accident 2
fittings which can be dismounted and prevented
from falling, and the occupant should start to work
in the furniture business. contrary to Article 120 of
the Occupational Health and Safety Regulation of
Construction Workers, there are no suitable
guardrails surrounding the floor edge and prevent
falling,
construction
worker
health
and
occupational safety regulations Due to the
violation of Articles 12 and 13, the business
accident has come to the fore. In the construction
of the business accident B., the owner of
construction A., partner K. and the owner of
contractor T.Mobilya E., the business manager of
T.Mobilya' s business manager A., B.
Construction. and T.Mobilya' s work security
expert have been found to be defective. Because of
the use of the marble staircase which is constructed
in a careless and careless manner while using the
fire escape ladder, (Zile, 2013, Zile, 2015, Zile,
2016, Zile, 2017).

the villa, is not responsible for the construction of
the villa, but the worker is not able to use a nonswinging scaffolding that is adequate in its
strength and adequate in terms of proficiency. and
personal protectors such as seat belts, and did not
do so when necessary. Regarding Occupational
Health and Safety Regulation in Construction
Works Annex-IV B Part-II Article 6 'All floors
shall be designed, constructed and maintained in
such a way that they will not move and collapse
spontaneously. Work platforms, gates and
scaffolding platforms shall be constructed, sized,
used and maintained in such a way as to protect
persons from falling and falling objects.
Scaffolding; (a) be checked by an expert before
beginning to use, (b) at certain intervals later, (c)
when modified, when not used for a certain period
of time, by bad weather or seismic shock, or other
conditions that could affect its strength and
durability. The stairs will be in sufficient strength
and proper maintenance and care will be provided.
They will be used in the right places and in
accordance with their purpose. The necessary
measures will be taken so that the moving
scaffolds do not move by themselves’. The
accidental victim worker B. works as a personal
protective equipment, preventing the fall from
falling into the wharf without wearing a safety
helmet and protecting the head, and working his
way out of the wharf by putting his own safety at
risk by pretending to be imprudent and negligent.
He is likely to make a right/left roll because of the
vertical and cross- , it is determined that the victim
is the main flaw in the event of the accident
because of the fact that it is dangerous at the end
due to the fact that the victim has not been using
the scaffold which is dangerous at the last time and
therefore it is dangerous to avoid dangerous
posture and behavior. The employer, F., who owns
the building and has worked as a co-ordinator in
the construction of the villa, is not able to use a
non-oscillating scaffold with sufficient strength
and proficiency in accordance with the nature and
character of the work, such as safety belts, and
because of the fact that they do not make them

5.2. Accident 2
It is understood that worker B., who is a
construction worker, lost his life by falling on
concrete slab while working on the scaffolding of
5 meters high on the edge of the pool at 09:00 on
10.11.2015, where he works as a coordinator in the
construction of the villa both in the construction of
the villa. On-site inspections show that the accused
victim worker B. works as a personal protective
equipment, preventing the falling of the safety belt,
and not leaving the scaffolding without wearing a
helmet that protects the head, making his own
safety safer by acting in an imprudent and
negligent manner, escaping to the wharf. It is
determined that it is dangerous at the end because
of the possibility of yawning, and that it should not
use this scaffold which is dangerous at the end, it
is observed as a faulty work by avoiding
dangerous posture and behavior that would put its
own safety in danger by acting imprudently and
negligently.
The employer, F., who owns the building and
is employed as a coordinator in the construction of
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providers in the workplace. ç)Performs the
measures in writing and in compliance with the
legislation related to occupational health and safety
by the person or services they are entrusted to, or
the institutions and organizations in which they
receive services. d)About matters known or likely
to affect the health and safety of employees; the
persons or services they are assigned to and the
institutions and organizations they receive services,
the employees who come to their own workplace
to work from other businesses and their employers.
"In Article 17 of the Labor Law No. 6331
'Employer provides employees with training in
occupational health and safety. In particular,
before the work begins, at the workplace or work
shift, when the work equipment is changed or
when new technology is applied. The trainings are
renewed in accordance with the new and emerging
risks, and they are repeated when necessary and at
regular intervals. ' In Article 19 of the Labor Code
no. 6331 '(1) Employees are obliged to ensure that
the health and safety of employees and their
employees affected by their work and their work
are not compromised by the training they receive
on occupational health and safety and the
employer's instructions. (2) The obligations of the
employees in accordance with the training and
instructions given by the employer are as follows:
a) To use the machines, devices, vehicles,
equipment, dangerous materials, transportation
equipment and other means of production of the
workplace in accordance with the rules, to use
their safety equipment correctly, and to change. b)
Proper use and protection of personal protective
equipment provided to them. c) Notify the
employer or the employee's representative
immediately if they encounter a serious and close
danger in terms of health and safety in the
machinery, equipment, vehicles, equipment,
facilities and buildings in the workplace and if they
see a deficiency in the protection measures. The
subcontractor M. does not have to take the
necessary precautions such as the use of a safety
belt so that the victim A. named foreman worker
does not fall down from the place where it works,
does not provide necessary tools and equipments
to take any kind of measures including education
and information, provides job health and safety
services the sub-employer M. is obliged to apply
the Article 5 of Part II of the Annex-IV B to the
Regulation on Occupational Health and Safety in
Construction Work, 6331, since the employer does
not take any training in the work health and safety
trainings Has been found to be defective by 40% in
the event of the violation of Articles 4, 6, 17 and
19 of the Act. Not to take necessary precautions
such as the use of safety belt in order to prevent
the worker of the name Y. Victim A. who is the
owner and contractor of the T. Construction which

necessary to do so, they have been subject to
Articles 4 and 5 of the Labor Act No. 6331 and to
the fact that they act negligently and negligently in
violation of Articles 5 and 6 of Part II of Annex IV
B of the Occupational Health and Safety
Regulation in Construction Works. it has been
determined that there is a flaw in the realization of
the win.
5.3. Accident 3
Y. had an iron work of M. T. Construction
worker who is a master of iron and works as a
foreman in construction A. To build an elevator to
carry iron stones to 13:00 hours on 13.09.2012, it
is understood that the foreman of a four-meterlong column had placed every plate worker in
order to carry it from the ground until the seventh
crawl, and that the foreman had lost his life and
lost the victim A. dangers, who was working as a
foreman. As can be seen from the on-site surveys,
it is understood that the top employer of the
construction concerned is M., who is the T.
construction and contractor of the construction and
the iron worker of the construction of the
subcontractor. The foremen who is responsible for
the iron works of the building is the victim of the
victim A. It has been determined that casualties
and working people are not equipped with personal
safety equipment such as safety belts, ropes and
helmets, training in any occupational health and
safety, no occupational health and safety experts in
construction and no balustrade on the construction
floors. No precautions have been taken to prevent
the worker from falling down from the workplace.
In this case, the upper and lower employer has
violated Article 5 of Part 5 of Annex IV-B of the
Regulation on Occupational Health and Safety in
Construction. Article 6 of the Labor Law No. 6331
states that "Occupational hazards should be
avoided and work to be done to prevent these risks
should be covered and the employer for the
presentation of occupational health and safety
services; a) appoint a job security specialist,
workplace physician and other health personnel
among the employees. In the absence of staff with
the qualifications set among its employees, it may
fulfill all or part of this service by receiving
services from the joint health and safety units.
However, in the case of having the qualifications
and the required documents, taking into
consideration the number of the hazard class and
the number of employees, it can be undertaken to
fulfill this service itself. b) They meet all necessary
needs such as tools, equipment, space and time in
order to fulfill the duties of the persons they are
assigned or the institutions and organizations they
receive services. c) Provide business cooperation
and coordination among health and safety services
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is the upper employer from falling down from the
working place and to provide the necessary tools
and equipments to take all kinds of measures
including education and information, Occupational
Health and Safety Regulation Annex-IV B-Part II
of Article 5 of the Regulation on Occupational
Health and Safety in Construction Affairs, Labor
Act No. 6331, Labor Laws 4, 6, 17. and 19 and
that it is 30% defective at the time of the event. In
order to move the four-meter-long column iron
from the ground to the seventh cave in order to
move from hand to hand, A, who is an
accomplished victorious iron master and works as
a foreman in construction, transported workers in a
dangerous way that is contrary to his work health
and security. The victim who worked as a foreman
did not show the necessary care and attention
before starting to work, supplying the safety belt to
the victim A. not wearing a safety belt and not
wearing it in other workers. It has been determined
that Article 19 of Article 5 of Part B-II of the
Regulation on Occupational Health and Safety in
Construction Business and Article 6331 of the
Labor Law No. 6331 is violated by victim A. who
has been working as a foreman and that this case is
30% defective (Zile, 2013, Zile, 2015, Zile, 2016,
Zile, 2017).

should use arches. Work platforms, passageways
and scaffolding platforms should be constructed to
protect persons from falling and falling objects.
Work at high altitudes should only be carried out
with appropriate equipment or with mass
protection devices such as balustrades, platforms,
safety nets. Where it is not possible to implement
the collective protection measures required by the
nature of the work, appropriate means must be
provided to reach the work place, and body type
safety belts or similar security methods should be
used. All scaffolds shall be constructed,
constructed and maintained in such a way that they
will not move spontaneously and will not collapse.
The stairs should be of sufficient strength and
properly maintained and maintained. They should
be used in the right places and in accordance with
their purposes. Necessary precautions should be
taken so that the moving scaffolds do not move by
themselves.

5. CONCLUSION
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ABSTRACT
The soil pressures acting upon rigid retaining walls are calculated using either Coulomb’s or Rankine’s lateral
earth pressure theories which assume lateral earth pressure distribution as linear. However, experimental
studies exhibited the nonlinear lateral earth pressure distribution caused by the arching behavior induced within
the granular backfill. For this purpose, new analytical formulation considering arching effects is suggested by
taking the previous lateral earth pressure theories into account to predict lateral active earth pressures. Shape
of the failure surface and soil arch geometries are changed for better representation of the actual active earth
pressure distribution within the scope of this study. Lateral soil pressures calculated with the proposed
analytical formulations provided better agreement with the actual test results.

Keywords: Arching Phenomena, Lateral Earth Pressure, Translating Rigid Retaining Wall
* Nihan Aydın Ertuğrul

the soil mass. There exist various analytical
approaches for prediction of the lateral active earth
pressures acting on yielding retaining wall
considering arching effect. Handy (1985)
performed an analytical study which indicates the
mobilization of friction on the wall-backfill
interface results in an increase in the horizontal
stresses and a decrease in vertical stresses due to the
soil arching (Fig. 1).

1. INTRODUCTION
Conventional methods to predict lateral earth
pressures such as Coulomb's (1776) and Rankine's
(1857) theories, which are based on limit
equilibrium techniques are widely used to calculate
the lateral earth pressures acting upon soil retaining
walls. Yet, on the basis of the experimental studies
it was observed that the soil pressure distribution
behind rigid and translating retaining wall is
nonlinear (Fang and Ishibashi, 1986) due to soil
arching phenomena. Latest studies revealed the
positive role of soil arching mechanism on the
lateral earth pressure distribution against retaining
walls. Analytical methods taking soil arching effect
into account to predict lateral earth pressures
provide more realistic prediction of the lateral earth
stresses (Paik and Salgado, 2003). Within the scope
of this study, a new analytical method is suggested
to estimate lateral earth pressures against rigid and
yielding walls considering lateral soil arching effect
were reported.
2. PREVIOUS ANALYTICAL MODELING
STUDIES ON SOIL ARCHING MECHANISM
Soil arching mechanism can be described by the
rotation of the principal stresses adjacent to a rigid
retaining wall, resulting in lower stresses by which
the soil stresses are transferred to another region of

Fig. 1. The graphical representation of the lateral
soil arching against rigid retaining wall (Handy,
1985)
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Paik and Salgado (2003) considered the effect of
interface friction angle between the wall and
backfill (δ) and internal friction angle of the backfill
(φ) on the vertical and horizontal stresses at any
depth behind the retaining wall in a recent study. In
order to take full consideration of arching
mechanism, authors made the assumption of a
linear slip surface and a circle shaped trajectory of
minor principal stresses to simplify the calculation
of the active earth pressure on the wall. Authors
derived a mathematical expression as in Eqs. (1)
and (2) to define lateral active earth pressure
distribution and coefficient of lateral active earth
pressures, respectively,
𝜑𝑎ℎ𝑤 =

𝛾𝐻𝐾𝑎𝑤𝑛
1−𝐾𝑎𝑤𝑛 tan 𝛿 tan 𝛼

𝑧 𝐾𝑎𝑤𝑛 tan 𝛿 tan 𝛼

[(1 − )
𝐻

𝑧

(1 − )]

𝒛 = 𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄

−

𝜎𝑎ℎ𝑤
̅𝜎̅̅𝑣̅

=

3(𝑁 cos2 𝜃+sin2 𝜃)
3𝑁−(𝑁−1)(cos2 𝜃)

(3)

and when the above equation is solved using the
boundary conditions adopted from Spangler and
Handy (1984), the constants a, b and c are obtained
as follows;

(1)

𝐻

𝐾𝑎𝑤𝑛 =

(b) planar failure surface
A new methodology by adopting a parabolic failure
surface to the Paik and Salgado (2003) approach is
developed within the scope of this study to make
more realistic representation of the actual behavior
considering the influence of lateral soil arching. In
this approach, expressions are derived with the
assumptions of curvilinear slip surface and circular
soil arch along the failure mass. For the derivations,
boundary conditions suggested by Spangler and
Handy (1984) are adopted for the derivations of the
mathematical expressions. A parabolic failure
wedge illustrated in Fig. 2 is considered with an
equation of;

(2)

𝒂=(
2.1. Suggested Approach

𝑨−𝟏
𝑨𝟐

)(

𝐭𝐚𝐧𝟐 𝜶
𝑯

); 𝒃 = − 𝐭𝐚𝐧 𝜶; 𝒄 = 𝑯

(4)

Lateral earth pressures acting on retaining wall
having height of H are calculated by taking
horizontal slices within the curvilinear failure
surface for the sake of simplicity as illustrated in
Fig.3. The height of the wall is divided into ‘n’
number of horizontal slices with a thickness of
∆𝒛 = 𝒛𝒊 − 𝒛𝒊−𝟏 . The failure surface makes angles of
αi and αn with the vertical at top and bottom,
respectively while 𝒊 goes from 1 to 𝒏 , 𝒊 =
𝟏, 𝟐, 𝟑, … , 𝒏.

Experimental results performed by Tsagareli
(1965) and Fang & Ishibashi (1986) remarked that
for a rough rigid retaining wall having δ≠0, the slip
surface takes the form of a curve irrespective of the
yielding mode according to Terzaghi (1943) even
tough Paik and Salgado (2003) consider the failure
surface as planar having an inclination angle of
45˚+φ/2 or the sake of simplicity. The schematic
representation of planar and parabolic failure
surfaces is depicted in Fig. 2.

Fig. 3. Graphical illustration of horizontal slices
within parabolic failure surface

Fig. 2. Two different failure surfaces (a) parabolic
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Fig. 4. Validation of the suggested approach with
physical test results and comparison of lateral active
earth pressure distributions

From geometry, the rate of change of failure angle
(αi to αn) is calculated according to the following
formula given in Eq. (2);
𝜋

𝛼𝑖 = − {𝑡𝑎𝑛

−1

2

2

[

2

√𝑏 2 −4.𝑎.(𝑐−𝑧𝑖 )− √𝑏 2 −4.𝑎.(𝑐−𝑧𝑖−1 )

]},

(2.𝑎.(𝑧𝑖 −𝑧𝑖−1 ))

𝑖 = 1,2,3, … , 𝑛

(2)

where 𝒛𝒊 = (𝑯. 𝒊⁄𝒏) and 𝒏 is the number of
horizontal slices. Since the height of the retaining
wall was divided into number of n small slices,
lateral active earth pressure was calculated
according to the following formula given in Eq. (3);
𝒇(𝝈𝒂𝒉𝒘 )
𝒏−𝟏

∑ 𝝈𝒂𝒉𝒘 =
𝒊=𝟏

=

𝒛𝒊 𝑲𝒂𝒘 .𝐭𝐚𝐧 𝜹.𝐭𝐚𝐧 𝜶𝒊
(𝟏 − )
𝜸. 𝑯. 𝑲𝒂𝒘
𝑯
[
]
𝒛𝒊
𝟏 − (𝑲𝒂𝒘 . 𝐭𝐚𝐧 𝜹 . 𝐭𝐚𝐧 𝜶𝒊 )
− (𝟏 − )
𝑯

In order to make a validation with physical test
results of Fang and Ishibashi (1986), while
calculating the normalized lateral earth pressures
similar values such as unit weight of the soil (15.4
kN/m3), 𝝋 (37˚) and 𝜹 (17˚) were taken into
account as used in physical tests performed by Fang
and Ishibashi (1986). It is observed that the lateral
earth pressure distributions estimated by Coulomb’s
theory are linear whereas methods the physical test
results and the proposed distributions are
curvilinear. Actual test data shows the nonlinear
nature of the earth pressure distribution. According
to Handy (1985), highest lateral earth pressures are
observed at 70% of the normalized depth. Yet, the
new approach proposed in this study makes the best
estimation of the actual test results.

𝒇𝒐𝒓 = 𝟏, 𝟐, … , 𝒏 − 𝟏
𝒏

3.1. Effect of internal friction angle on lateral
active earth pressures

∑ 𝝈𝒂𝒉𝒘 = (𝟎. 𝟗𝟕). 𝝈𝒂𝒉𝒘,𝒛=𝟎.𝟗𝑯
𝒊=𝒏−𝟏

𝒇𝒐𝒓 𝒊 = 𝒏

{

The effect of internal friction angle on the lateral
active earth pressure distribution behind a rigid
translating retaining wall is depicted for a wallbackfill friction angle of 𝜹 = 𝟏/𝟐𝝋 and internal
friction angles are varying between 𝝋 = 𝟎° and
𝝋 = 𝟒𝟎° in Fig. 5. However, in practice, results are
mostly applicable to internal friction angles higher
than 20˚ which are commonly encountered for
granular soils.

where the lateral pressure for the last slice is
multiplied by a constant of ‘0.97’ to obtain a better
fit with the physical test results performed by Fang
and Ishibashi (1986) and the lateral active earth
pressure coefficient, Kaw, is the same as suggested
in Paik and Salgado’s (2003) study.
3. PARAMETRIC ANALYSIS
Lateral pressure distributions estimated by the
suggested methodology is firstly validated against
physical test data presented by Fang & Ishibashi
(1986). Then the lateral earth pressure distributions
are compared with the results of previous earth
pressure theories as illustrated in Fig. 4;
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As can be seen from Fig. 5, the pressure
distribution becomes more nonlinear while the
internal friction angle of the soil increases from
𝝋 = 𝟎° to 𝝋 = 𝟒𝟎° . It is also observed that the

1
0

0,05
0,1
0,15
0,2
Normalized Lateral Pressure (σah/γH)

0,25

28

Cilicia International Symposium on Engineering and Technology (CISET2018)
Mersin University Engineering Faculty, 26-27 October 2018, Mersin, TURKEY

active earth pressure behind the retaining wall
decreases as the internal friction angle of the soil
increases. Suggested approach gives non-zero earth
pressure values at the base of the retaining wall
which exhibits a better agreement with the physical
test results carried out by Fang & Ishibashi (1986).

Paik & Salgado (2003)
Suggested Approach

1.11
0.94

It should be noticed that the results obtained
with Handy’s Method (1985) resulted in the lowest
normalized lateral active earth thrust. Earth force
predicted with Wang (2000) and Coulomb (1776)
approaches give identical lateral active earth force
values since these theories suggest similar
formulations for the lateral earth thrust. Since a
parabolic critical failure line is taken into account
for suggested approach in this study while Paik and
Salgado (2003) consider planar critical failure
surface, values estimated with suggested approach
are lower than those of the Paik & Salgado (2003)
method. It was also observed that parabolic failure
surface assumption leads to lower lateral load on the
retaining wall.

3.2. Effect of retaining wall height on lateral
active earth pressures
The lateral active earth pressure distributions
were shown for 𝝋 = 𝟑/𝟒𝜹 = 𝟑𝟎° in Fig. 6 for
different retaining wall heights. The shapes of the
distributions are the same for different retaining
wall heights as it can be seen from the figure, which
means that the height of the retaining wall does not
have an effect on the shape of the lateral active earth
pressure distribution.

Normalized Depth (z/H)

0
0,1

H=2m

4. CONCLUSION

0,2

H=4m

Estimation of the lateral active earth pressures
plays an important role in the design of the retaining
structures. Coulomb's (1776) and Rankine's (1857)
lateral earth pressure theories, assuming that the
distribution of active earth pressure acting along the
retaining wall is linear, are based on limit
equilibrium techniques are used for simplicity to
calculate the lateral earth pressures acting on earth
retaining walls. However, previous physical
modeling studies and field tests indicated that the
distribution of active earth pressure behind a rigid
wall having surface friction is significantly
nonlinear due to soil arching effect within the soil
wedge. Within the scope of this study, a new
analytical approach is proposed to estimate the
lateral active earth pressures acting on translating
rigid retaining walls.
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3.3. Comparison of lateral active earth thrust
normalized with Coulomb’s total lateral active earth
thrust
Lateral active earth force is normalized by
dividing the total active earth force predicted by
different methods to the lateral load calculated with
Coulomb’s Theory. Results obtained by Coulomb
(1776), Handy (1985), Wang (2000), Paik &
Salgado (2003) and proposed approach are
presented in Table 1. Normalized lateral active
earth thrusts (Pah/Pah,Coulomb) are calculated for a
backfill internal friction angle of 40° and wallbackfill interface friction angle of 𝛿 = 2/3𝜙 =
27° .

Lateral earth pressure distributions estimated by
the proposed approach is firstly validated against
physical test data. It is observed that the new
approach proposed in this study makes the best
estimation of the actual test results. Then the effect
of the internal friction angle on lateral active earth
pressures were investigated. It is pointed out that the
active earth pressure behind the rigid translating
retaining wall decreases as the internal friction
angle of the soil increases. It is further observed that
parabolic failure surface assumption leads to lower
lateral load on the retaining wall.

Table 1. Lateral active earth thrust normalized with
Coulomb’s lateral earth thrust
Method
Coulomb (1776)
Handy (1985)
Wang (2000)
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ABSTRACT
Industrial civilizations are based upon abundant and reliable supplies of energy. Renewable energy plays an
important role in meeting the uprising energy demand. Underground thermal energy storage has been suggested
as a clean and efficient alternative of energy extraction for the sustainable future as one of the renewable energy
sources. Aquifer thermal energy storage systems have received worldwide attention because of their potential
for large-scale and long-term thermal energy storage. Efficiency of the system depends on several factors.
General design procedures and the relationships about the efficiency of the aquifer thermal energy storage
systems such as the optimum well distance and heat transfer mechanism underground are reviewed within the
scope of this study.
Keywords: Aquifer Thermal Energy Storage, Heat Pump, Thermal Efficiency
* Nihan Aydın Ertuğrul

compared to a borehole which makes ATES usually
the cheapest alternative if the subsurface is
hydrogeologically and hydrochemically suitable for
this technique.

1. INTRODUCTION

Thermal energy storage systems become more
popular as they provide economical and
environmentally friendly solutions to energy
demand problems. Underground thermal energy
storage systems provide economical and
environmentally friendly solutions to energy
demand problems as these systems contribute to
reduce fossil energy consumption by providing
sustainable heating and cooling for buildings by
seasonal storage of heat. Underground thermal
energy storage (UTES) has been utilized for
seasonal storage of thermal energy to supply space
cooling, space heating, and ventilation air
preheating (Nielsen, 2003). These systems are
usually divided into two groups such as borehole
thermal energy storage (BTES) systems, also called
closed loop systems, a fluid is pumped through heat
exchangers in the ground and aquifer thermal
energy storage (ATES) or open loop systems, that
is groundwater is pumped out of the ground and
injected into the ground by using wells to transfer
the thermal energy from and into the aquifer (Novo
et al., 2010). An advantage of open systems is the
generally higher heat transfer capacity of a well

Aquifer Thermal Energy Storage (ATES)
systems have received significant attention as a
cost-effective technology that enables the reduction
of energy use and CO2 emissions. This technique is
applied worldwide (Blum et al., 2010; Eugster and
Sanner, 2007; Fry, 2009; Verbong et al., 2001 and
Yang et al., 2010) but mostly encountered and
utilized in Netherland, Sweden, Canada, France,
Germany and the US with the Netherland as the
technological leader currently (Probert et al., 1994
and Sanner, 2001). The potential contribution of
ATES systems to the reduction of fossil fuel
consumption by the built environment is estimated
as 11% in the Netherlands (Naber et al., 2016). In
most countries, adoption of ATES technology is
limited because of competition by fossil fuels
combined with economic reasons, preventing
people to invest in ATES (Hoekstra et al., 2015).
Also, lack of knowledge regarding potential and
future applicability of ATES is one of the other
important obstacles for its application in several
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European countries (Hoekstra et al., 2015; Power,
2012 and Sanner et al., 2003).

bidirectional systems generally consists of two or
more wells where the flow can be reversed to store
warmed and cooled water.

Field measurement results indicate that the
groundwater temperature remains stable throughout
the year starting from 10 meters below ground
surface (Sanner et al., 2003). Figure 1 schematically
shows subsurface temperature profile for different
climate regions when the heat conduction from a
depth is dominant (Yasukawa et al., 2004). From
this point on, the basic principle of aquifer thermal
energy storage technique is its use of the
underground to overcome the seasonal discrepancy
between the availability and demand for thermal
energy for the buildings. Energy is typically
transferred to and from the building’s heating and
cooling system via a heat exchanger located within
the main plant room. In summer season, cool
groundwater is extracted from the aquifer and used
to cool down a building or facility. The heated
groundwater utilized in summer time is injected into
the aquifer through the other well located typically
100 or 200 m further to ensure that the warm and
cold storage remain separate and that thermal
breakthrough does not occur within one season. In
winter season, the process is reversed such that the
heated groundwater is extracted and can be utilized
for heating purposes hereby simultaneously
creating a storage of cool groundwater (Dickinson
et al., 2009). Illustration of the basic working
principle of a seasonal ATES system is given in Fig.
2 (Bloemendal and Hartog, 2018).

Fig. 2. A schematic representation of an ATES
doublet working principle (Bloemendal and Hartog,
2018)
High efficiency and the environmental benefits
from large savings of fossil fuel and electricity,
combined with substantial profit expectations are in
favor for a further growth on the market, for ATES
applications. The goal of this study is to review
basic concepts, operation principles and
applications of ATES systems and to summarize
recent developments.
2. THE DESIGN OF GROUND BASED OPEN
LOOP SYSTEMS
Selecting an appropriate aquifer to be used as a
thermal energy storage medium is a crucial step
towards an efficient ATES system. The capacity of
an aquifer to accept or yield groundwater limits the
flow rate that can be used by an ATES project.
Some hydraulic parameters such as effective
porosity of the aquifer affects the volume of aquifer
required to store a given volume of heated or cold
water. Also, the direction and rate of groundwater
flow, as well as thermal properties of water and
aquifer materials similarly affect the size, shape,
and operation of the ATES systems. Cold storage is
generally applied at 5-12 ⁰C and heat storage at 1430⁰C, though there are also examples where heat is
stored at relatively high temperatures as between 60
and 80 ⁰C (Sanner et al., 2005; Schout et al., 2013;
Kabus et al., 2009 and Drijver et al., 2012). The
amount of energy recovered from the aquifer is
generally lower than the amount that was stored
since part of the energy is lost due to dissipation of
heat to the surroundings of the storage volume and
convection with regional groundwater flow. This is
defined as the thermal recovery (TR) of an ATES
system which is the amount of injected thermal
energy that is recovered after the injected volume

Fig. 1. Conceptual subsurface temperature profile
for different climatic conditions (Yasukawa et al.,
2004)
In practice, there are two main techniques for the
case of aquifer open loop systems as
monodirectional and bidirectional. As the name
suggests, monodirectional systems simply abstract
and discharge groundwater in one direction where
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has been extracted (Bakr et al., 2013) expressed as
in Eq. 1,
𝑻𝑹 =

𝑬𝒆𝒙𝒕𝒓𝒂𝒄𝒕𝒆𝒅
𝑬𝒊𝒏𝒋𝒆𝒄𝒕𝒆𝒅

=

∆𝑻𝒐𝒖𝒕 𝑽𝒐𝒖𝒕

affected when the wells are separated by more than
one thermal radius (Rth) from numerical modeling
studies, while Sommer et al. (2013) reported that
thermal recovery decreases for well distances below
two thermal radii (2Rth) for both homogeneous and
heterogeneous aquifers. The Dutch Society for
Subsurface Heat Storage (NVOE, 2006) advises a
well distance of at least three thermal radii (3Rth) to
avoid thermal interference. The differences in this
design rule attributes to the uncertainties about the
available hydrogeologic and thermohydraulic
properties of aquifer and uncertainty and variability
in future energy demand (Sommer et al., 2015).

(1)

∆𝑻𝒊𝒏𝑽𝒊𝒏

The thermal recovery efficiency is one of the
main parameters that determines the overall energy
savings of ATES systems. Here the injected
(Einjected) and extracted (Eextracted) energies are related
to the undisturbed temperature of the aquifer. A
numerical modeling study of an ATES system
performed by Sommer et al. (2013) resulted that
thermal recovery in a stagnant aquifer can be higher
than 75% and drop to 40% with a regional
groundwater flow velocity of approximately 150
m/y. ATES wells are planned based on their
hydraulic and especially thermal radii. For an
efficient ATES design, there should not be a
hydraulic breakthrough between the extraction and
injection wells. The hydraulic and thermal radii, Rh
and Rth depicted in Fig. 3, are calculated by
assuming a cylindrical volume of the stored water
around the well (Bloemendal and Hartog, 2018),

Filter screen length (L)

Rh
Rth

Hydraulic Radius
Thermal Radius

Well

Groundwater velocity is another important
design criterion for the efficiency of an ATES
system. A low regional hydraulic gradient is desired
to minimize heat losses by convective transport
(Sommer, 2015). A numerical modeling study
performed by Courtois et al. (2007) showed the
comparison of the dissipative heat loss with no
groundwater flow (Fig. 4) and with a regional
groundwater velocity of V=0.86 m/d (Fig. 5) for the
first and the 15th years of exploitation, with different
key dates of the yearly cycle, of an ATES well
doublet system. In the study it appears clearly that
the thermal storage has increased over the years,
leading to an improvement of the efficiency.
1st year

15th year
End of summer
period t=4 months
injection (28C)
pumping in cold well

Topview

Fig. 3. Illustration of hydraulic and thermal radii
storage of an ATES well, simplified as cylinder
(Bloemendal and Hartog, 2018)

End of 2 months rest
period
t=6 months
Start pumping in hot
well

The shape of the hydraulic and thermal radii of
a well are simplified as a cylinder and depends on
the storage volume V, which is the volume of water
that is injected during one storage cycle, well screen
length, L, porosity of the aquifer, n and the
volumetric heat capacities of the water and the
water saturated aquifer, cw and, caq. Hydraulic and
thermal radii are calculated by Eq.s (2) and (3),
respectively as;
𝑹𝒉 = √

𝑽𝒊𝒏

𝒏𝝅𝑳
𝒄𝒘 𝑽

𝑹𝒕𝒉 = √
𝒄

𝒂𝒒 𝝅𝑳

End of 2 winter
period
t=10 months
injection (10C)
pumping in hot well

24-29
20-24
18-20
16-18
15-16
14-15
13-14
12-13
11-12
10-11

(2)

End of 2 months rest
period
t=12 months
Start pumping in cold
well

Simulated
groundwater
temperatures (C)

10-11

(3)

Fig. 4. Numerical simulation of the groundwater
temperature in summer and winter period, without
regional flow (Courtois et al., 2007)

Interaction between ATES wells at the boundary
of their temperature fields may affect their recovery
efficiency. Kim et al. (2010) pointed out that the
recovery of thermal energy is not significantly

Results of the previous numerical simulation
studies clearly reveal that the thermal behavior of
the storage system depends on the direction and
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velocity of the groundwater flow, which is
determined by the regional pressure gradient (Lee,
2010). A flow system opposite to the direction of
regional groundwater flow has positive contribution
for an effective ATES design, with the small
thermal energy loss and little fluctuation in the
extracted thermal energy. Moreover, as another
factor controlling the design of an ATES well,
aquifers of low iron (Fe), calcium (Ca), and
magnesium (Mg) content are desirable to reduce
risks of clogging and corrosion of well casings
(Kangas, 1994).
1st year

where Q is the thermal energy obtained from the
well, 𝝆𝒔 and 𝝆𝒘 are densities of the solid material
and the water, respectively, n is the porosity, and 𝒄𝒔
and 𝒄𝒘 are the heat capacities of the solid material
and the groundwater, respectively. In an aquifer,
heat travel is governed by three mechanisms:
1.
2.
3.

15th year

conduction through mineral grains and
groundwater in the pores,
advection with bulk groundwater flow,
exchange between moving groundwater
and the matrix of the aquifer (mineral
grains and any immobile pore water)

Above mentioned thermal energy transfer
mechanism in the aquifers is governed by thermal
diffusion, advection, and dispersion processes,
respectively.

End of summer
period t=4 months
injection (28C)
pumping in cold well

2.1.1. Thermal diffusion
End of 2 months rest
period
t=6 months
Start pumping in hot
well

Thermal diffusion represents the heat transfer
due to thermal conductivity of the aquifer and its
upper and lower limits. Diffusion in one direction is
proportional to the thermal conductivity coefficient
λa, expressed in W/m/°C, and to the temperature
gradient in that direction. The thermal conductivity
of an aquifer depends both on the type of geological
material (sand, gravel, etc.), and on its saturation
degree by water (or porosity for confined aquifers).

End of 2 winter
period
t=10 months
injection (10C)
pumping in hot well

End of 2 months rest
period
t=12 months
Start pumping in cold
well

2.1.2. Advection
This process is the moving of the thermal
storage due to the natural flow of the groundwater.

Fig. 5. Numerical simulation of the groundwater
temperature in summer and winter period, with a
regional flow of i=2‰, V=0.86m/d (Courtois et al.,
2007)

2.1.3. Dispersion
Movement of the natural groundwater adds a
spreading out of the thermal storage due to spatial
heterogeneity of the velocity field. This
phenomenon is called dispersion, and leads to an
increase of the “global” aquifer thermal
conductivity as in longitudinal and transverse
directions as follows,

2.1. Theory of Heat Transport and Thermal
Recovery
The heat recovery of an ATES system can be
very site-specific (Ghaebi et al., 2014; Kranz and
Frick, 2013; Zeghici et al., 2014, and Drenkelfort et
al., 2015). In order to optimize the well design for
high thermal recovery efficiency, heat transport
mechanism in the aquifer should be understood.
Thermal energy is stored in both the groundwater
and aquifer material. Thermal capacity of the
aquifer, therefore, defined in Eq. (3), is a function
of the porosity and thermal properties of the
groundwater and solid materials,
𝑸 = [(𝝆𝒔 𝒄𝒔 )(𝟏 − 𝒏)] + (𝝆𝒘 𝒄𝒘 )𝒏

𝝀𝑳 = 𝝀𝒂 + 𝜶𝑳 . 𝜸𝒇 . 𝒖

(4)

𝝀𝑻 = 𝝀𝒂 + 𝜶𝑻 . 𝜸𝒇 . 𝒖

(5)

where a is aquifer thermal conductivity, αL and αT
are the longitudinal (in the mean flow direction) and
transverse (transverse to the mean flow direction)
dispersivities, respectively, γa and γf are the calorific
capacities of aquifer and fluid, respectively and u
is the velocity of regional groundwater flow.

(3)
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Eugster, W. J. and Sanner, B. (2007).
“Technological status of shallow geothermal
energy in Europe”. European geothermal congress,
Unterhaching, Germany.

3. CONCLUSION
Storage in aquifers has achieved broad
acceptance for heating and cooling in the energy
market in many countries, although the application
of ATES is quite different among the various
countries. High efficiency and the environmental
benefits from large savings of fossil fuel and
electricity, combined with substantial profit
expectations are in favor for a further growth on the
market. Any ATES project involves a quite
complex procedure and has to follow a general
procedure for design and construction of ATES
system. In order to optimize the energy retrieval
efficiency, heat transfer within the subsurface
should be understood comprehensively. In the
present work, a brief review is presented on the
concepts and applications of ATES systems.
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ABSTRACT
Buildings become more accoutered as the welfare of people increase. As a result of this air conditioning of
the interior space became prevalent. Cooling of the interior space consumes significant amount of energy
especially in hot regions. Therefore, proper heat insulation should be made. Windows are one of the most
inefficient portions of the buildings in terms of heat insulation for the cooling process. The window frame
and the glass may have negative effect on the cooling if necessary precautions are not taken. In this study,
energy efficiency of aluminum, and PVC window frames are measured with thermal camera. In addition to
this, effects of opened and closed curtains are also measured. The measurements with thermal camera shown
that heat insulation property of the window frame and closed curtains have significant effect on the energy
efficiency of cooling. Thermal images revealed that sunlight coming through the window and the heat gain
by the window frame increases the energy requirement of the cooling process. Therefore, appropriate
window frame material should be selected for the buildings located at hot regions. In addition to this, curtains
should be kept closed or filmed glass should be used. The aforementioned precautions will reduce the cooling
costs and energy requirement. Consequently, the suggestions would be beneficial for the economy and the
environment.
Keywords: Heat Insulation, Thermal Images, Energy Efficiency
* Corresponding author
computed the reduction of heating cost and
environmental impact by making thermal
insulation. The authors also examined the
contribution of thermal insulation investments on
the sustainability of the construction sector (2017).
Nematchoua et al. (2017) proposed optimum wall
thickness for heat insulation for equatorial and
tropical climate. Kurekci (2016) computed
optimum heat insulation thickness for the
provinces of Turkey for different thermal
insulation materials. The computations are
performed for heating and cooling costs as well as
for only heating cost. Cuce et al., (2015)
performed a comparative thermal performance
analysis for heat insulation solar glass.
Heat insulation provides economy and saves
the environment but the heat insulation material
may also be detrimental for the environment.
Pargana et al. (2014) examined the most
commonly used thermal insulation materials in
Portugal in terms of environmental impact. Each
heat insulation material has certain environmental
impact. Economy is not the only criteria for the
selection of heat insulation material Schiavoni et
al. (2016) investigated the thermal insulation
materials in terms of sound insulation, resistance
to fire, water vapor permeability and impact on the
environment and on human health. Al-Homoud
(2005) analyzed most widely used thermal

1. INTRODUCTION
Heating and ventilation costs occupy
significant portion of the operation cost of the
buildings through out their life time. Kaynaklı
(2012) states that building energy consumption
forms approximately 40% of global energy
demand. Energy requirement for heating and
cooling of interiors of building is approximately
60% of the total energy consumed in buildings.
Therefore heating and cooling of the buildings
constitutes important portion of the consumed
energy in the world. Improvement of the heat
insulation reduces the energy costs and provides
economy. On the other hand, heat insulation is an
important cost item for the construction of the
building. There is a trade-off between the cost of
heat insulation and the savings from the operation
costs. In the literature this trade-off is thoroughly
examined.
Çomaklı and Yüksel (2004) examined the
reduction of the CO2 emission by making thermal
insulation. Bolattürk (2008) computed the
optimum thermal insulation thickness for the
northern regions of Turkey. Ozel (2011)
investigated the thermal insulation characteristics
of several construction materials and proposed
optimum wall thickness for the province Elazığ,
Turkey. Dylewski and Adamczyk (2011)
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insulation materials concerning their performance
characteristics and applicability.
The literature review shows that the thermal
insulation has significant importance on the energy
efficiency. However, thermal insulation of cooling
process is not as straightforward as the insulation
of heating. In this study windows and window
frames are investigated to measure the amount of
gained heat. Thermal camera is used to detect the
regions which reduce the cooling efficiency.

examined carefully it is seen that there is a
transition zone at the outlets of the air conditioner.
This is because the air warms immediately when it
leaves the air conditioner and enters into the room.
Therefore brightness values of the pixels increases
when the distance from the air conditioner outlet
increases.

2. THERMAL CAMERA MEASUREMENTS
Thermal measurements are executed by FLIR
VUE Pro 336 thermal camera with 13 mm focal
length. Resolution of the camera is 336x256 Pixels
and the imaging bandwidth is between 7.5 - 13.5
μm. The thermal camera is shown in Fig. 1.

Fig. 2. Thermal image of an air conditioner
2.1. Energy Efficiency of Aluminum Window
Frame
Window frame with aluminum is investigated
for the energy efficiency of cooling. Energy
efficiency is measured for opened curtain and
closed curtain cases.
2.1.1. Opened curtain
Optic image of aluminum window frame with
opened curtain is shown in Fig. 3.

Fig. 1. FLIR VUE Pro 336 thermal camera
Weaknesses of thermal insulation for the
cooling process are measured by investigating
aluminum, and PVC window frames. Thermal
measurements are conducted both when the
curtains are closed and opened.
Thermal images represent the relative thermal
emissions of the objects. Hotter objects have
higher thermal emission than colder objects.
Therefore pixels of hotter objects have higher
brightness values than the pixels of colder objects
in thermal images.
In order to represent the mentioned effect air
condition located at the ceiling of a room is
imaged. The image is represented in Fig. 2. Outlets
of the air conditioner are shown as black since they
are the coldest region in the image. The rest of the
image has bright pixel values which indicate that
the remaining portions have similar thermal
emission thus similar temperature. This is valid if
the material properties are constant. If Fig 2. is

Fig. 3. Aluminum window frame, opened curtain
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The thermal image of the window is shown in
Fig 4.

Thermal image of the window with the closed
curtain case is shown in Fig 6.
Brightness value of the thermal image of the
closed curtain is significantly lower than the one
with the opened curtain. This means that the
energy efficiency of cooling is improved when the
curtain is closed. However, window frame is still
bright which represents the energy loss.

Fig. 4. Thermal image of the aluminum window
frame, opened curtain
Walls of the room are seen black in the thermal
image which indicates low temperature. On the
other hand, the brightest object in the thermal
image is the window frame, which represents that
the most of the energy loss is caused by the
window frame. In addition to this, light coming
through the window also reduces the energy
efficiency.
2.1.2. Closed curtain

Fig. 6. Thermal image of the aluminum window
frame, closed curtain

Same window is imaged by thermal camera for
the closed curtain case. The optical image is shown
in Fig. 5.

2.2. Energy Efficiency of PVC Window Frame
Window frame with aluminum is investigated
for the energy efficiency of cooling. Energy
efficiency is measured for opened curtain and
closed curtain cases.
2.2.1. Opened curtain
Optic image of aluminum window frame with
opened curtain is shown in Fig. 7.

Fig. 7. PVC window frame, opened curtain
Fig. 5. Aluminum window frame, closed curtain
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The thermal image of the window is shown in
Fig 8.

Fig. 10. Thermal image of the aluminum window
frame, closed curtain
Brightness values of the thermal image reduce
when the curtains are closed. The reduction is
caused by the decrease of the sunlight coming
through the windows. PVC window frame can be
detected in the thermal image because of its
thermal emission characteristics.

Fig. 8. Thermal image of the PVC window frame,
opened curtain
Walls of the room are represented by darker
pixels in the thermal image which indicates low
temperature. PVC window frame has almost the
same brightness values with the interior side of the
walls. This represents that the window frame and
the walls have close temperature. On the other
hand, windows are represented by brighter pixels
which indicate that most of the heat is gained
through the windows.

3. CONCLUSION
Energy efficiency of cooling of interior space
is examined by thermal camera. Thermal images
reveal that window frame has important effect on
the thermal insulation. In the comparative analysis
a dark colored aluminum window frame and white
PVC window frame is compared.
Dark objects do not reflect the sunlight as
much as the light colored objects do. As a result of
this dark objects absorb sunlight more and their
temperature increase. Aluminum is a conductive
metal; therefore it conveys heat through itself. In
the thermal images dark colored aluminum
window frame is represented by high brightness
values. This represents that the hottest object in the
thermal image was the aluminum window frame.
High
conductivity
and
high
absorption
characteristics of the construction element reduces
the cooling efficiency significantly.
Light colored objects reflect the sunlight and
they absorb less sunlight. Therefore their surface
temperatures do not increase as much as the dark
colored objects increase. PVC is a good thermal
insulator and do not convey heat. Brightness
values of the PVC window frame were not higher
than the brightness values of the interior walls in
the thermal image of PVC window frame. The
reason of this can be explained as the white color
of the window frame and the heat insulation
property of the material.
Efficiency of cooling depends on the thermal
insulation property of the construction material and
the color of the material. In addition to this,
penetration of sunlight also has high importance.

2.2.2. Closed curtain
Same window is imaged by thermal camera for
the closed curtain case. The optical image is shown
in Fig. 9.

Fig. 9. PVC window frame, closed curtain
Thermal image of the window with PVC
window frame when the curtains are closed is
shown in Fig 10.
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In order to decrease the temperature of the interior
space proper heat insulation should be applied,
color of the outer surface should be as light as
possible and the exposure to sunlight should be
avoided as much as possible.

Nematchoua, M. K., Ricciardi, P., Reiter, S., and
Yvon, A. (2017). "A comparative study on
optimum insulation thickness of walls and energy
savings
in
equatorial
and
tropical
climate." International Journal of Sustainable
Built Environment, Vol. 6, No. 1, pp. 170-182.
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ABSTRACT
Deep excavations conducted at city centers require construction of retaining systems for the stability of the
soil. Stability of soils can be maintained by many alternatives. However, during the design phase the designer
performs the design in a limited time and most of the time only concentrates on the structural stability and
omits the cost of the retaining system. Cost of construction is very important item for the contractors which
can affect the financial situation of the construction firm. Therefore ignorance of the construction cost in the
design phase may have adverse consequences. In this study a spreadsheet application is developed to
automate the quantity take-off of retaining systems. Proposed approach automates the quantity take-off
calculations and significantly reduces the endeavor of the cost computations. As a result of this, the designer
can compare different design alternatives and select the most cost effective solution. The output of this study
can be beneficial for the designers as it reduces the computational demand of the quantity take-off of
retaining systems. The advantage of this study for the contractor can be defined as the reduced cost of
retaining systems.
Keywords: Quantity take-off, Retaining Systems, Deep Excavation, Soil Mechanics
* Corresponding author

1. INTRODUCTION
Cities are becoming more populated and land
prices increases more than the inflation rate.
Therefore accommodation requirement is usually
solved by high-rise structures in order to
compensate the high land prices. In addition to this,
regulations require enough parking spaces. Open
parking lots are very expensive solutions at
downtowns and usually basement floors are
occupied as parking places.
Excessive loads of the high-rise structures and
the multi storey basements because of parking
space makes deep excavation necessary for the
construction of a new structure at the downtown of
crowded cities. Therefore deep excavation is
frequently encountered in big cities.
Execution of deep excavation requires high
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amount of money and time at city centers since a
retaining structure should be build in order to
prevent damaging of the neighboring structures.
Design of a retaining structure is performed
simultaneously with the design of the foundation
of the building. Therefore contractors enforce the
design offices to finish the design as soon as
possible to commence the construction earlier.
Engineering
design
approach
requires
comparison of design alternatives and obtaining
the most suitable one. Design alternatives are
compared in terms of safety, cost and construction
duration. Design of a retaining system which
fulfills the requirements of present regulations and
codes are usually performed by finite element
software. Cost of the design is computed by
preparing the quantity take-off of the each
construction item. Retaining systems have many
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construction items and quantity take-off of each
item requires detailed computations. However,
time limitations prevent performing comparative
cost analysis. Hence the designer selects one
retaining structure alternative and executes the
design.
This approach prevents obtaining a cost
effective retaining system for the structure. The
designer can not compare different alternatives to
reduce the construction cost. Building Information
Model (BIM) is a good candidate for the solution
of the aforementioned problem. However,
extraction of finite element solution to BIM
software is required in order to automate the
quantity take-off. The state of the art soil
mechanics finite element software is not
compatible with BIM software.
In this study, a spreadsheet application is
developed to compute quantity take-off of each
construction
item of
retaining
systems.
Dimensions and the properties of the retaining
system is entered to the application by using the
necessary cells of the spreadsheet. The formulated
quantity take-off equations are executed and
quantity take-off table is prepared by the
spreadsheet.

BIM.
Hartmann et al., (2012) utilized BIM project
management tools in detail. Two case studies are
conducted and close configuration of BIM
instruments with current work procedures are
ensured. Attributes of BIM would be
comprehended better and improve the incentive
and responsiveness of the users.
Jung and Joo (2011) proposed a framework for
practical implementation of BIM. The framework
gathers standards and codes related with the
project, organization and industry. Porwal and
Hewage (2013) developed a BIM partnering
framework for public construction projects. The
framework is based on public construction
procurement through BIM partnering. The
framework is compatible with the present
contractual and project delivery methods.
Moreover, the framework improves the level of
collaboration.
Aforementioned studies emphasize the
importance of automated design and construction
management tasks. Reduction of cost and conflicts
are expected at the end of the automation. Benefits
of BIM based automated quantity take-off
motivated the automation of quantity take-off
retaining systems. In this study, a spreadsheet
application is developed for the quantity take-off
of construction items of retaining systems.

2. BUILDING INFORMATION MODEL
Building Information Model (BIM) is a skilled
tool for the designers to eliminate the design
deficiencies of the structure. However, BIM is
suitable for the buildings, therefore design of
retaining wall structures are not performed by BIM.
Eadie et al., (2013) executed a survey on the UK
contractors and find out that 55% and 52% of the
BIM implementations are in the design and preconstruction stages respectively. This represents
that if the retaining structure elements and
construction items are defined at a database, and
the database is associated with the finite element
software; the quantity take-off of the retaining
system can be automated.
BIM provides the opportunity of preparation of
exact virtual model of a building. The model can
be utilized for planning, design, and operation of
the structure Azhar (2011). Barlish and Sullivan
(2012) developed a methodology to examine the
benefits of BIM implementations, and implement
recent projects to the developed methodology to
put a figure on outcomes. In order to measure the
benefits requests for information, change orders,
and duration improvement metrics are used.
Bryde et al., (2013) investigated the benefits of
BIM in terms of project. The analysis is performed
by collecting secondary data from 35 construction
projects which implemented BIM. Cost reduction
and control is the most common benefit of BIM.
Time savings is stated as the another benefit of
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3. DEVELOPMENT
APPLICATION

OF

SPREADSHEET

3.1. Bored Pile
Construction of a retaining system starts with
the drilling of bored pile. Bored pile consists of
drilling,
preparation
and
placement
of
reinforcements and concreting. For the case study
the construction plan shown in Fig. 1 is used.

Fig. 1. Excavation plan
Perimeter of the piles is computed by using the
dimensions of the excavation plan. Number of
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piles is computed by using the pile diameter and
the spacing between the piles. Then the
spreadsheet shown in Figure 2 is prepared.

Fig. 3. Unit price analysis of drilling machine
Number of daily drilled holes is computed
according to the number of driller and the drilling
duration. The number of daily drilled hole is
shown in cell C9. Quantity take-off of
reinforcement is illustrated in Fig 4.

Fig. 4. Quantity take-off of pile reinforcement
Number of spiral is computed by dividing the
length of pile to spacing of stirrup. Length of the
stirrup is computed by the Theorem of Pythagoras.
First the perimeter of stirrup is computed by using
the diameter of the pile and the spacing of clear
cover. Then the length of one stirrup is computed
by computing the sum of the squares of the
perimeter of stirrup and the spacing between two
stirrups. Length of one stirrup is multiplied by the
number of stirrups and length of stirrups for one
pile is obtained. Length of stirrup is multiplied by
the unit weight of the reinforcement and the total
weight of the stirrup in pile is obtained.
Number of required workers for the preparation
of reinforcement is computed by considering the
number of drilled piles per day and the
reinforcement requirement for each pile.
Workmanship requirement for unit weight of
reinforcement is obtained by the unit price codes
of the ministry of environment and urbanization of
Turkish Republic. The corresponding unit price
analysis is defined to the spreadsheet application.
Due to space limitation its screenshot is not shown
in the manuscript.

Fig. 2. Computation of workmanships
Daily work hours are entered to cell C3 and the
number of boring machine is entered to cell C4.
The duration of drilling of one pile is computed in
terms of hours in cell C7 by considering the depth
of pile and the drilling rate of the machine. Drilling
rate is obtained by the unit price codes of the
ministry of environment and urbanization of
Turkish Republic. An example of unit price
analysis of a drilling machine is given in Fig 3.

Fig. 5. Man.hour requirement for reinforcement
Obtained quantity take-off values are used for
the man.hour requirement of the reinforcement of
the piles. The quantity take-off amount is
multiplied by the unit labor requirements of the
unit price analysis of reinforcement item. The
figures represented in Fig. 5 are the daily man.hour
and
machine.hour
requirements
for
the
longitudinal reinforcement of piles.
The man.hour and machine.hours are used for
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the computation of the necessary staff and
equipment to be allocated at the construction site.
Obtained man.hours are divided by the daily
working hours and rounded up to the nearest
integer. The computation is shown in Fig 6.

dividing the volume of excavation to excavation
rate of the excavator. Excavation rates of common
excavators, which are obtained by the unit price
indexes, are entered to the spreadsheet. Excavation
durations according to the selected excavator is
presented at line 73 in Fig. 7. The provided
durations are in machine.hours and the duration of
excavation is computed by dividing the
machine.hour to daily working hours. The rounded
up excavation durations are given at line 76 in Fig.
7.
3.3. Anchorage
Anchorage requires drilling of anchor holes,
preparation and placement of reinforcement,
construction of bearing beam, and grouting tasks.
The quantity take-off and man.hour as well as
machine.hour requirements of anchorage are listed
in Fig. 8.

Fig. 6. Size of reinforcement crew
The figures are rounded-up since the
determined man.hours are the necessary daily
workmanships for the daily pile reinforcement.
Daily reinforcement rate can be less than the
required rate, if the numbers are rounded instead of
rounding up. If this is the case, reinforcements of
the piles will be performed slower than the drilling
rate and the concreting of the piles will be delayed.
Construction duration of piles and the
necessary staff is computed by the spreadsheet
application in a way that all of the items are
recomputed if an input parameter is changed. If the
values of the cells C3 and C4 in Fig. 2 are changed
all of the computations will be redone and the
requirement of the construction workers will be
updated.
3.2. Excavation
Deep excavations are executed step by step in
order to avoid failure. The soil is excavated to a
certain depth, then excavation stops and retaining
system is constructed. Afterwards excavation
continues until the next level is reached.
Quantity take-off and duration computations of
excavation are shown in Fig. 7.

Fig. 8. Quantity take-off of anchorage task
Duration of anchorage drilling is computed by
the selected anchorage machine and the length of
the anchorage holes. Initially number of anchor
holes is determined. Total drilling length is
computed and the machine.hour requirement is
determined according to the drilling rate of the
selected machine.
Quantity take-off construction materials of
bearing beam is represented between lines 20 and
24 in Fig. 8. Formwork, concrete, stirrup and
longitudinal reinforcement amounts are computed
by formulating the input data.
Man.hour and machine.hour requirements for
the bearing beam is given between the lines 26 and
34 in Fig. 8. Construction duration of bearing

Fig. 7. Volume and duration of excavation
Excavation is executed in four steps. Three
anchorage layers are constructed in order to
prevent failure. Volume of excavation is listed in
line 71 in Fig. 7. Volume is obtained by
multiplying the thickness of excavation layer by
the area.
Duration of excavation is computed by
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beam is determined by the user. In this case
construction duration of the bearing beam is
selected as 1 day and the crew sizes are computed
accordingly. Crew sizes are illustrated at Column
R in Fig. 8.
Anchor cables are tensioned after the
construction of the bearing beam. Machine.hour
and man.hour requirements of the tensioning task
are represented between line 35 and 38 in Fig. 8.

Fig. 10. Gantt Chart of the schedule
4. CONCLUSION

3.4. Construction Plan

Quantity take-off of retaining systems are
formulated on a spreadsheet and schedule of the
construction is prepared by the developed
application without human intervention. The user
defines the geometry of the construction and the
details of the retaining system by entering the
necessary information to the corresponding cells.
The data entering process can be completed in
less than half an hour. Spacing of the anchorages,
depth of excavation, amount of reinforcement,
number of workers, and number of construction
machines are asked from the users. Once the data
is entered the spreadsheet application executes all
of the quantity take-off calculations. Construction
schedule and the Gantt chart are also prepared by
the spreadsheet application.
The designer can easily compare different
design alternatives by using the developed
application. The data input process of all
alternatives can be completed not more than a day
and the construction duration and cost of all
alternatives can be examined by the decision
makers. Consequently, the developed application
decreases the workload of the design department
and improves the efficiency of the design.
The automated quantity take-off calculation
routine eliminates the probability of computing
errors. Quantity take-off computations are error
prone since they are executed manually by human.
In addition to this, construction designs are
executed under time pressure which increases the
probability of human errors. Therefore the
developed application ensures the accuracy of the
quantity take-off computations.

Durations of construction items related with the
retaining wall is computed according to the
assigned construction machines or preferences of
the user. Durations of drilling of piles, construction
of pile caps including formwork, reinforcement,
concreting, and setting of concrete are estimated.
In addition to this, durations of excavation, drilling
of anchor holes, preparation and placement of
cables, grouting, and tensioning the cables are
estimated.

Fig. 9. Duration estimations
Schedule of the construction is prepared
according to the physical relationships between the
construction items. Starting dates of the activities
are
determined
by
using
start-to-finish
relationships. Critical path of the retaining system
is determined and the construction duration of the
retaining system is computed. The critical path
method not only provides construction time but
also provides the start and finish time of all of the
construction items. Therefore the performed
computations are valuable for the contractors. The
relationships between the construction items are
formulated that if the duration of the activities are
changed, then all of the start and finish dates of the
activities are updated. The construction items and
their start and finish times are represented in Fig.9.
Start and Finish times are represented by
numbers which may not be recognized properly. In
order to improve the amount of information that
can be perceived the schedule is visualized.
Construction schedule is represented as Gantt chart
and the conditional formatting property of the
spreadsheet application is used in order to update
the colors of the cells. The prepared Gantt Chart is
shown in Fig. 10.
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ABSTRACT
In the current study, self-sensing behavior of cementitious composites incorporated with discrete carbon
fibers (CF) was studied. Special attention was paid to effect of different curing ages (7 and 180 days) on selfsensing response and tests were performed using different loading conditions incAluding uniaxial
compression and splitting tensile. Results reveal that with very small modifications in the matrices of
conventional fiber reinforced cementitious composites witth the help of CF addition, self-sensing can be
successfully achieved under under different loading conditions with the proposed electrode configuration and
at different initial curing ages. The findings of current paper are informative in that self-sensing response in
cementitious composites can be actualized and maturity of specimens is not of concern in terms of electrical
measurements despite natural variations in results depending on different testing procedures and ages.
Keywords: Self-sensing, carbon fibers, aging, compressive loading, splitting tensile loading.
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1. INTRODUCTION
Concrete which forms the backbone of
construction industry suffers from risk of cracking
due to applied loads, as well as, many durability
issues. Cracking decreases the serviceability index
of structures utilizing concrete. Cementitious
materials like concrete have demonstrated
outstanding performance in many civilian facilities
such as roads, bridges, dams, sanitary facilities and
others. To continue working with these materials
within the economic boundaries, it is thus
necessary for civil engineers/designers to accept
the challenge of conditions referred above to
ensure the serviceability of concrete structures.
This is not easy to achieve without incessant
monitoring of structures against the formation of
cracking and subsequent damage occurrences
which may cause complete failure at a certain level.
One way to achieve the abovementioned
monitoring is to make concrete material responsive
to damage occurrences (i.e. self-sensing). The selfsensing technology appeared in the nineties as an
alternative way to continuously monitor the state
of structures. To make concrete self-sensing,
electrically conductive materials are generally
used. Carbon fibers (CF) are one of these materials
that were used very effectively throughout the
years for self-sensing purposes (Al-Dahawi et al.,
2016a). Despite the effectiveness of CFs in
concrete materials for self-sensing purposes, selfsensing effectiveness may change considerably
depending on the aging due to changes in
microstructures of concrete materials. Within this
context, in the current study, self-sensing
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capability of cementitious composites was
assessed with the use of specimens with different
ages (7 and 180 days) and under different loading
conditions (uniaxial compression and splitting
tensile).
2. EXPERIMENTAL PROGRAM
2.1. Materials and Proportioning of Mixtures
The fabricated mixtures, in the present work,
comprise mainly the common ingredients which
are used in the composition of the cement-based
mortar. These are: CEM I 42.5R ordinary Portland
cement (PC) (similar to ASTM Type I); Class-F
fly ash (FA); fine silica sand with maximum
aggregate size of 0.4 mm, specific gravity of 2.60
and water absorption capacity of 0.3%; potable
mixing water and polycarboxylate ether based high
range water reducing admixture (HRWRA). The
chemical and physical properties of Portland
cement and FA were illustrated in Table 1.
Here carbon fibers (CFs) were used as the
electrically conductive materials for self-sensing
purposes. CFs were chopped with 12 mm length
and aspect ratio of 1600. CFs were with tensile
strength of 4200 MPa, elastic modulus of 240 GPa,
elongation of 1.8%, density of nearly 1.7-2.0
g/cm3 and diameter of 7.5 µm.
Polyvinyl-alcohol (PVA) fibers with a length
of 8 mm, diameter of 39 µm, specific gravity of
1.3, nominal tensile strength of 1620 MPa and
elastic modulus of 42.8 GPa were used, by 2% of
total mixture volume, to develop the mechanical
properties of mixtures against the applied loads. In
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order to remove any undesirable bubbles that may
be created due to the use of HRWRA, a defoamer
powder was used by 0.3% of weight of
cementitious materials (PC + FA). ECC mixtures
produced here were with constant water to
cementitious materials (CM=PC+FA) ratio
(W/CM) of 0.27 and fly ash to Portland cement
ratio (FA/PC) of 1.2. Moreover, the mixtures were
decided to reinforce by the optimum dosage of 1.0
vol.% CF as recommended in (Al-Dahawi et al.,
2016a) as a percolation threshold value, and by 2.0
vol.% of PVA as recommended by Li (1998).

piezoresistivity
behavior
of
cementitious
composites and, secondly, plotted against the
applied stress (MPa) and deformation (mm).

 R 
 R  R0
%   L
FCER 
 R0 
 R0


100


(1)

where, RL is the electrical resistivity during
flexural loading and unloading, and Ro is the
initial electrical resistivities.

Table 1. This is the example for table formatting
Chemical composition,
PC
FA
%
CaO
61.43
7.98
SiO2
20.77
52.22
Al2O3
5.55
16.58
Fe2O3
3.35
6.60
MgO
2.49
2.10
K2O
0.77
1.53
Na2O
0.19
0.86
Loss on ignition (LOI)
2.20
10.36
SiO2+Al2O3+Fe2O3
29.37
75.40
Physical properties
Specific gravity
3.06
2.10
Blaine fineness (cm2/g)
3250
2690

Fig. 2. Testing configuration for (a) uniaxial
compression (left) (b) splitting tensile (right) test
3. RESULTS AND DISCUSSIONS
3.1. Self-Sensing Behavior Under Uniaxial
Compression Test

2.2. Specimen Preparation and Testing
50 mm-cubic specimens with CF were used in
self-sensing measurements through uniaxial
compression and splitting tensile tests. Specimens
were mixed according to the procedures
recommended in (Al-Dahawi et al., 2016b) and
cast in oiled molds. After casting, specimens were
covered with plastic sheets for 24 h at 50 ± 5% RH,
23 ± 2 °C. After 24 h, they were moved into
isolated plastic bags and cured there until
completion of 7 and 180 days at 90 ± 5% RH, 23 ±
2 °C. To remove the potential effects of the
internal moisture on the electrical measurements
due to polarization, the specimens were dried in an
oven at 60 °C for 24 hours and tested at the room
temperature. For each age, 3 separate specimens
were prepared. To record the electrical
measurements from the specimens directly with
the help of a concrete resistivity meter with AC
current technique, electrically conductive materials
(brass) embedded inside the matrices of specimens
were used as electrodes. Electrodes were placed
very close to upper surface of specimens with 5
mm from sides.
To compare the results of the proposed
electrical measuring setups, and after preparing all
the required data, the fractional change in electrical
resistivity (FCER, %) was, firstly, calculated
according to equation (1) to represent the
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Fig 3. demonstrates the self-sensing behavior
under compression loading at 7 and 180 days of
curing ages. The stress/deformation curves in these
figures can be divided into three parts as a general
behavior. The first part represents the elastic range
of with low levels of the applied compression
stress accompanied with no or few microcracks,
while the second one illustrates the plastic regime
with the advent of the obvious cracks. The end of
this part with the ultimate compressive strength
values of the tested specimens is considered as the
beginning of the failure region with the decreasing
in the ability of specimens to carry the applied
loads. Within the elastic regime, it can be said that
most FCER/deformation curves were slowly
increased with the increase of the applied stresses
regardless of the type and age of mixture to be
tested, which showed no or very low sensing
against the applied compression stresses.
Otherwise, the tested specimens exhibited their
ability to sense the applied compression stress
within the elastic regime with changes in FCER
reached up to around 20%. The main reason that
stands up behind this low level of self-sensing
within this region can be accounted due to no
cracks were initiated in the cementitious
composites below about 40-50% of the failure
stress (Zongjin, 2011). The CF-based specimens
demonstrated their ability of conductivity for all
ages within this region. The lower values in
electrical resistivity that gave the superiority of
CF-based mortars that were developed by AlDahawi et al. (2016a) among a number of carbon-
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based mortars it seems, also, that it gave the
superiority to the CF-based MCC in terms of selfsensing under the compression stress within the
elastic area of loadings. The ability of CF to create
several continuous electrical paths within the
cementitious composites due to their high aspect
ratio gave to this type of mixtures their superior
ability to sense any changes occurring along these
continuous electrical paths due to the applied
compression loads.

be explained by the failure of the specimen and,
therefore, loss of the electrically conductive
network. It can be easily noticed that FCER value
increases with the progression of the curing ages
for CF based MCC. In addition, it is obvious that
the CF-based specimens have successful behavior
of self sensing at failure points under compression
stress. These results can be described as one of the
better among the previous studies (Wen and
Chung, 2007; Han et al., 2010; Yeh et al., 2014)
3.2. Self-Sensing Behavior Under Splitting
Tensile Test
It is well known that the failure in the
specimens under the splitting tension test occurs
directly after the ultimate stress point. According
to that, at failure point, the electrical resistivity of
the specimens jumps to high values compared to
the values before the ultimate stress, which gives
an impression of low or no self-sensing behavior
within these regions. Therefore, in order to well
represent the self-sensing ability of the developed
specimens, the FCER curves were plotted with the
loading curves up to the ultimate splitting tension
stress of the tested specimens. Fig. 4 shows the
self-sensing behavior of the developed CF-based
mixtures, which were examined at the ages that
have been adopted in this research (i.e. 7 and 180
days).

Fig. 3. Self-sensing behavior of specimens with
different ages under compressive loading
Within the second part of the compression
stress/deformation accompanied by an increase in
load levels and creation of visible cracks in a
random manner in addition to the joining up of
some cracks ultimately, the rate of increase in
FCER was, accordingly, increased for both ages of
CF-based specimens. With respect to the CF-based
specimens, the FCER reached, as average values
of three specimens, up to around 100% and 120%
at curing ages of 7 and 180 respectively. To
summarise these results, it can be stated that the
developed CF-based specimens exhibited a good
self-sensing behavior at each proposed testing
ages. Addition to the obtaining of remarkable
improvement in the self-sensing ability at the
curing age of 180 days. With the start of
decreasing phase in the applied of compression
stresses on the specimens, which is the last part of
the stress-deformation curve, it can be said that the
general behavior of all types of mixtures is a large
increase in FCER within a short time, which can

Fig. 4. Self-sensing behavior of specimens with
different ages under splitting tensile loading
The general behavior of the FCER/deflection
curves can be divided in to two portions according

50

Cilicia International Symposium on Engineering and Technology (CISET2018)
Mersin University Engineering Faculty, 26-27 October 2018, Mersin, TURKEY

Yıldırım, G., Akın, A., Şahmaran, M. and
Lachemi, M. (2016a). “Electrical percolation
threshold of cementitious composites possessing
self-sensing functionality incorporating different
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to the shapes of the stress/deflection curves. The
first region begins from the starting point of
loading up to the yield point which is represented
by the straight line in most cases. Within this
region it was noted that there were no or few
changes in the electrical resistivity measurements
of all of the fabricated mixtures. After the end of
the first region of loading, it can be easily noticed
that the acceleration in the rate of increasing of the
electrical resistivity of all of the cementitious
composites that were fabricated in the present
study.
In fact, the self-sensing behavior of these
composites can be compared by relying on two
parameters. The first parameter is the point of
beginning of self-sensing at the corresponding
levels of the applied stresses, which can be
specified as a percentage from the ultimate
splitting tension stress of each of the tested
mixtures. The second criterion that can be relied
upon is the percentage of FCER values at the
corresponding ultimate stresses. With respect to
the first criterion, the better behavior of selfsensing ability is what was in the beginning of the
loading process. The CF-based specimen had
begun their self-sensing after around 51% of its
ultimate stress. In short, getting a percentage of
100% or more of the fractional change in the
electrical resistivity seems very good compared
with previous studies (Chen and Chung, 1996).
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4. CONCLUSIONS
In this study, self-sensing capability of
cementitious composites doped with CF was
assessed for different initial specimen curing ages
of 7 and 180 days and for testing configurations of
uniaxial compression and splitting tensile loading.
Results clearly revealed that self-sensing was valid
for both curing ages and loading conditions and
proposed electrode configuration was successful in
capturing the self-sensing data properly. Under
compressive loading, FCER results changed
differently depending on curing ages and testing
methods. In general, for both loading scenarios,
self-sensing was more evident at early ages
although it was clearly observable at later ages as
well.
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ABSTRACT
The lines and curves formed in human emotions such as laughing and sadness are used in determining the
characteristics of the person. In order to define these expressions, studies were carried out on industrial, security,
forensic medicine and many other fields. In this study, it was aimed to determine the facial expressions specific
to the person by using Bézier curves. With the image processing, emotion classification was made and a
solution was given about the person identification. People whose photographs were obtained were found to
have facial expressions such as stagnation, laughing, grieving, irritation. Bézier curve equations of lip structure
were formed with the control points created from the pictures. With this study, a substructure has been formed
which can provide a person identification for use in the image systems.
Keywords: Emotion Recognition, Image processing, Bézier Curve, Feature Detection
* Corresponding author

more people in industrial and security studies. This
helps us to reach faster solutions. Several studies
have been conducted to determine facial
expressions. Looking at these studies;
Bansal and Nagar have developed a system
using eye and mouth curvatures to determine what
emotions people can have by identifying their facial
expression. Comparing curves by creating Bézier
curves (Bansal and Nagar, 2015).

1. INTRODUCTION
In humans, appearance analysis provides a more
efficient and natural communication between man
and machine. The intensity of machine
environments created by developing technology
causes people to interact more with machines. With
the human recognition features of the machines, it
is ensured that people are more effective and
efficient in the environments they encounter
throughout their lives.

Dixit and Silakari aim to determine the basic
characteristics of human face by using image
processing method with Bezier. They compared the
existing facial identification method and stated that
they exhibited the minimum characteristics of the
face in better performance (Dixit and Silikari, 2015).

The face is one of the most important defining
characteristics for human beings and people are
defined according to their facial and emotion
characteristics. In general, people interact with each
other to emphasize the exhibition of emotions and
also interact with body movements. Emotions are
indicated by visual, vocal and other physiological
means. One of the most important ways for people
to show emotions is facial expressions. Recognition
and expression of human facial expression is
important in many applications. Face recognition
and detection algorithms are the subject of hundreds
of research articles and algorithms are designed for
commercial use on digital cameras and phones.
Facial expressions are widely used in
conjunction with developing technology. There are
many application areas such as industrial, security,
forensic medicine, emotion analysis, video
telephones. It is used for the purpose of identifying

Sharma et al. have determined the difference in
density
between
pixels
with
grayscale
characteristics for emotion identification. They
created a database for emotions by expressing the
created lines with Bézier curves (Sharma et al.,
2015).
Lee et al. used the quadratic Bézier curves to
obtain a facial representation of the face from the
original facial images and to obtain a hundred image
storage (Lee et al., 2015).
Majumder et al. developed a facial expression
recognition system by creating evenly divided
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blocks on the face image. Kohonen proved the
accuracy of their work using Self-Organizing Map
(Majunder et al., 2014).
Generally, the common application areas of
engineering and mathematics show more accurate
results. With the determination of the curve
characteristics in mathematical applications, shorter
studies are carried out in the identification systems.
Commonly closed polynomials, cubic spline curves,
Bézier curves and B-spline curves are used in the
application areas. Bézier curves are more preferred
in terms of applicability and accuracy in identifying
objects. Low-grade polynomials offer little
flexibility in the control of the shape of the curve.
For this, Bézier curves with high-grade polynomials,
which are formed by increasing the control points,
have a better approach.

recurrence relation:

2. MATERIALS AND METHOD
We need to designate some labels to improve the
identification and classification of human facial
expressions. In this study, the eye and mouth
elements in the face image of the person who is
moving or immobile is taken into consideration.
The organizational chart of the study is as in
Figure1.
DATA INPUT

IMAGE PROCESSING

The aim of this study is to develop the
identification system of facial expressions using
Bézier curves for faster realization of machine and
human interaction.

CREATING BEZIER CURVES

Bézier Curves
Bézier curves are (like all "splines")
interpolation functions, meaning they take a set of
points, and generate values somewhere "between"
those points. (One of the consequences of this is that
you'll never be able to generate a point that lies
outside the outline for the control points, commonly
called the "hull" for the curve. Useful information!).
In fact, we can visualize how each point contributes
to the value generated by the function, so we can see
which points are important, where, in the curve.
Control points for facial expression recognition
were taken as reference for Bézier curves. Bézier
curves, where the curve equations are formed by
defining the control points, are briefly defined as
follows (Shao et al., 1996):

DETERMINATION OF CURVE
DIFFERENCES

DEFINİNG FACIAL EXPRESSION

Figure 1. Organization Chart
Images transferred to the computer with digital
camera Image processing with Matlab software
(Figure 1). Lip and eyebrow structures were
determined by software. By defining these
structures, control points were determined by
determining the limit values of the structures.

As shown in Figure 1, eyebrow and lip
structures of 21 images of the individual were
determined by image processing. Automatic
punctuation marks of eyebrows and lips and
curvilinear lines were made (Figure 2).

is expressed by the equation. In this equation Pi
control points and Bi (u) Bernstein polynomials;
is expressed by the above equation.
Alternatively, we can construct the curve by
means of a recursive formula. This formula is due
to Paul de Casteljau, which is why it's called de
Casteljau's algorithm. It is based on the following
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Fig. 2. Determining the boundary points of lip
structure with Matlab software
3. RESULTS AND DISCUSSIONS
A system has been developed to recognize
emotion for existing system analysis and labeling,
which helps in classifying images. In this paper, an
automatically labeled image and emotion
recognition system is proposed. We applied a
simple approach to the recognition of facial
expression analysis. The algorithm was carried out
in two main steps:
1. Determining the facial region with color and
pixel density, and the boundary conditions of
the two regions focused on the eyebrow and
mouth.
2. Facial expressions were confirmed by the
Bézier curve.

Fig. 4. Detection of smiley facial expression
It was determined that q distance and lip
curvature were increased when the face of the face
was compared with the state of smiling. In order to
determine the smiley facial expression of the jaw
expansion, the diameter and the mouth opening
value were taken into consideration.

Fig. 3. Determination of Bezier curve
properties from the image of the person

Fig. 5. Stationary facial expression detection

The Bezier curve in the above figure is lipshaped. For this reason, the index was created for
three different types of emotions stored as two
tables and position indexes to store the human
name. In the Bezier curve, the right eye has control
points for the Bezier curve, lip height and width,
and has six or more different control points on the
lips. In all these studies, the emotions of people in
digital environments will be learned. For emotion
detection of the image, first find the Bezier curve of
the left and right eyebrows and lips. This personal
information will be included in the database where
the program matches the emotions that show the
closest height of the program that gives the closest
emotion as the output. Thus, in the program, the
average height for three emotions in the database
was calculated for the average height decision.
We implemented our algorithm in 21 images of
a person without changing any parameters. The test
results revealed a change in the mouth opening (q),
the distance between the eyebrows (p) and the
eyebrow radius (r) values (Figure 4).

It was determined that the distance between the
eyebrows decreased in the facial expressions and
the distance of the mouth opening was too low to be
determined. The increase in the distance between
the center point of the eyebrow diameters and the
rim of the rim was defined as characteristic in the
angry or angry facial expressions.
It was found that the experimental results
obtained as in Figure 1 had a successful rate of
76.8% to recognize facial expression. This suggests
good applicability, safety and medical applications
as well as applicability on mobile devices.
4. CONCLUSION
In this study, a system that automatically senses
human emotions on the basis of facial expressions
is developed. Distances and approximate diameter
values can be determined more quickly with Bézier
curves formed by the points determined in the facial
expression. The determined mouth opening, the
distance between the eyebrows and eyebrow
diameters and the stationary, smiley or irritable
expressions of the face were determined. Developed
emotion sensing technique using Bezier Curve
Application. The system works well for faces with
different shapes, skins and skin tones, and perceives

55

Cilicia International Symposium on Engineering and Technology (CISET2018)
Mersin University Engineering Faculty, 26-27 October 2018, Mersin, TURKEY

the basic three emotional expressions. While it
cannot find compound or mixed emotions, the
system correctly senses emotions for a determined
face in the environment. As a result, our work will
provide a quick image prossecing in the fields of
human-machine interaction, image processing,
automation and robotics.
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ABSTRACT
Non-orthogonal multiple access (NOMA) is an important candidate for 5G radio access and it has been
identified as a promising technology to help achieve all the targets in system capacity, user connectivity, and
service latency. The use of NOMA provides each user to have access to all the subcarrier channels, and hence
the bandwidth resources allocated to the users with poor channel conditions can still be accessed by users
with strong channel conditions. NOMA can serve users with different channel conditions in a timely manner,
which enables the possibility to meet the demanding 5G requirements of ultra-low latency and ultra-high
connectivity. Motivated by these advantages, this study presents a detailed look on the developments and
descriptions of NOMA which is a powerful candidate for future 5G networks.
Keywords: NOMA, OMA, mm Wave, MIMO, 5G
* Corresponding Author

1. INTRODUCTION
In the development from 1G to 4G, the
multiple access schemes have been the main
technology used to distinguish different wireless
systems. Multiple access methods provide limited
bandwidth that is used by many users at the same
time in wireless environments. Frequency Division
Multiple Access (FDMA), Time Division Multiple
Access (TDMA), Code Division Multiple Access
(CDMA) and Orthogonal Frequency Division
Multiple Access (OFDMA) schemes are known
basic multiple access schemes (Bandırmalı et al.,
2015).
Now used Long-Term Evolution Advanced
(LTE-A) mobile communication system uses
Single Carrier-Frequency Division Multiple
Access (SC-FDMA) in the uplink and OFDMA
Orthogonal Multiple Access (OMA) scheme in the
downlink (Kokane, 2014).
In this article, we will briefly describe the
multiple access schemes and will be working on
showing the applicability of the Non-Orthogonal
Multiple Access (NOMA) scheme for 5G mobile
communication system that is expected to meet the
high user needs and the differences according to
OMA.

Global System for Mobile Communications
(GSM) technology is the most important 2G
mobile communication system developed for the
communication sector. This system provides users
with safe and high-quality communication with
freedom of movement. Mobile networks are
influenced by the development of technology that
use in all areas of our lives. The high requirements
are emerging with increasing use of applications
over wireless networks in mobile communication
technology which we use frequently in our daily
lives. As a result, mobile communication systems
are expected to these high requirements (ARCEP,
2017).
With the newly considered 5G mobile
communication system, it is aimed to meet the
missing points of mobile communication systems
between the first generation 1G and now in use 4G
and over. 5G systems have different requirements
with frequently changing and widely used areas.
5G systems are planned to meet all the
requirements. Such as efficiency, reliability,
complexity, speed, capacity, coverage area of
system present significant challenges for 5G
design (ARCEP, 2017).
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2. MULTIPLE ACCESS SCHEMES
2.1.3. Code Division Multiple Access (CDMA)
Limited bandwidth must be shared as
efficiently as possible by the users in wireless
systems. The limited bandwidth is used with
multiple access methods by many users at the
same time. FDMA, TDMA, CDMA and OFDMA
are the most common multiple access methods. As
everyone knows FDMA for 1G, TDMA for 2G,
CDMA for 3G, OFDMA for 4G are the basic
Orthogonal Multiple Access (OMA) schemes (Ibe,
2017).

Fig.3 depicts the principle of CDMA. In the
CDMA method, the bandwidth is divided several
channels with different frequency bands. All users
can use the same frequency band at the same time.
In this method, orthogonal code assignment is
made for each user and the data which is sent is
encoded with this assigned code. CDMA is a
typical OMA scheme with this feature.
Communicate with these custom codes assigned to
the user is justified. Thus, multiple users can use
the same frequency band at the same time
(Buczkowski, 2018).

2.1. Orthogonal Multiple Access Schemes
(OMA)
2.1.1 Frequency Division Multiple Access (FDMA)
In the FDMA method, the bandwidth is divided
several channels with different frequency bands
and each user is assigned a separate channel. As
can be seen in Fig.1 the frequency band used by a
user can not be used by another user (Buczkowski,
2018).

Fig. 3. Code Division Multiple Access

2.1.4. Orthogonal Frequency Division Multiple
Access (OFDMA)
OFDMA is a multi-user version of orthogonal
frequency division multiplexing (OFDM) digital
modulation scheme. In the OFDMA method, the
bandwidth is divided several channels with
different frequency bands and a separate channel
assignment is made for each user as shown in
Fig.4. The bandwidth is divided several carriers,
each modulated according to the data streams at
low speed. The spectrum is used much more
efficiently so that the channels can be placed much
closer together in OFDM. This can be achieved by
placing all the carriers perpendicular to each other
to prevent neighboring channels from disturbing
each other. In OFDM systems, only one user can
be forwarded to all sub-carriers at any given time.

Fig. 1. Frequency Division Multiple Access

2.1.2. Time Division Multiple Access (TDMA)
In the TDMA method, the bandwidth is divided
several channels with
different
frequency
bands and these channels are shared with the user
at specific time intervals as shown in Fig.2. One
user can access the channel assigned to itself
within a certain period and other user has not
access to this channel during this time
(Buczkowski, 2018).

Fig. 2. Time Division Multiple Access
Fig. 4. Orthogonal Frequency Division Multiple Access
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channel conditions due to all users can be assigned
to each sub-carrier channel with the NOMA
technique. Thus, the spectral efficiency can be
significantly improved. Thanks to NOMA, users
with strong and poor channel conditions can
access user sub-channels. So, NOMA provides
advantages in terms of user fairness and system
efficiency.
NOMA can provide very low latency and a
very high link by providing simultaneous service
to users with different channel conditions. When
the NOMA principle was developed, the security
risk was not taken into consideration like other
multiple access techniques. Because, system
security is provided by encryption techniques
instead of relying on multiple access strategies in
nowadays. The NOMA principle can be combined
with Physical Layer Security (PLS) for scenarios
with external listeners. Specifically, NOMA is
advantageous because the power budget
coefficients are designed according to the channel
conditions of legitimate users. This means that the
listeners' Successive Interference Cancellation
(SIC) and therefore the hearing aid can be
effectively suppressed (Aldababsa et al., 2018;
Cheon et al., 2017).
As described above, NOMA has an
advantageous position relative to OMA in terms of
spectral efficiency, user fairness, system efficiency,
low latency, reliability and high connectivity.
NOMA creates an effective workspace that can
meet and develop 5G system requirements with
these features.

OFDMA allows multiple users to communicate
on different sub-carriers at the same time. In
OFDMA, different sub-carriers are used for
different users. OFDMA is aimed to use the
transmission band effectively, to transfer
information faster in a separated band
(Buczkowski, 2018; Bandırmalı et al., 2015).
2.2. Non-Orthogonal Multiple Access Schemes
(NOMA)
As described in Section 2.1, OMA-based
approaches do not allow efficient use of radio
resources. Increasing the spectrum efficiency with
limited network resources is made possible using
nonorthogonal multiplexing methods. NonOrthogonal Multiple Access Schemes (NOMA) is
a multi-access technique that has been introduced
to improve spectral efficiency in wireless
communications. This method allows users to use
the same frequency band by separating power
levels (Fig.5). Basically, the NOMA asserts
spectrum sharing. Multiple users are served in the
same source block such as time interval, spreading
code, and sub-carrier with NOMA. Unlike Time /
Frequency / Code based wireless communication
networks, NOMA can be used by multiple users at
the power levels (Aldababsa et al., 2018; Cheon et al.,
2017).

Different users can be distinguished from each
other by assigning different code assignments for
each user and in addition, using the combination of
CDMA and OFDMA or the noise impulse of
different user signals. In short NOMA, the signals
belonging to different users are transmitted over
the same radio resource with different power
sharing rates. The signals of the other users are
first removed from the received signal, after which
the receivers resolve their own signals on the
receiving side.

3. FUTURE OF 5G TECHNOLOGY
In the future, the Industry 4.0 revolution and
the Internet of Objects will need to connect with
one of many devices, and huge communications
networks will be needed. On the other hand,
unmanned systems in the defense industry,
automotive and automation fields will be an
important application area due to the development
of unmanned technologies and data transfers will
be confronted with critical needs such as high
reliability and synchronism in these areas. As a
different area, developments in the virtual world
will reveal the need to incorporate large data
transfers with high quality and speed. It is aimed to
meet the demanding requirements for different
sectors with 5G technology (ARCEP 2017; Köse,
2015).
Transition from one generation to the next is
occurring step by step. In now, developments
works about 4G and above technologies continue.
It is aimed to significantly improve system
performance over 4G with the introduction of
some key technologies. Evolution from 4G to 5G
is expected to be possible with technologies such

Fig. 5. Non-Orthogonal Multiple Access Schemes

Some bandwidth resources such as subcarrier
channels are allocated to users with poor channel
conditions in conventional OFDMA. The spectral
efficiency is low due to the inability of other users
to access these subcarrier channels. A bandwidth
source allocated by a user with poor channel
conditions can be used by users with strong
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technology. In contrast to the advantages obtained
by OMA method, NOMA will play a very critical
role for the future 5G. In order to apply these studies
into a sector, evaluation of NOMA method together
with other technological developments and
verification systems of this technology must be
developed and established.

as Millimeter Wave Frequencies (mm Wave) and
Multiple Input Multiple Output (MIMO) combined
with NOMA. Because of their applicability with
NOMA, these technologies play a key role
(ARCEP, 2017; Ding et al., 2017).
3.1. Millimetric Wave Frequencies (mm Wave)
Millimetric Wave Frequencies (mm Wave) are
one of the main solutions that can be applied to 5G
technology. It refers to the use of 6 GHz and
higher frequencies, namely the use of new
frequency bands to meet increasing data rates and
traffic demands. Limited coverage is provided by
each cell due to the low spreading quality of the
millimetric waves. To solve this problem, it is
necessary to use beam forming in order to better
focus the power transmitted by the antenna. Also,
it is necessary to develop low cost and low energy
need technologies compatible with portable
devices to implement this technology. The high
system requirements of 5G can be met with giving
the mm Wave propagation property to NOMA and
application of NOMA with mm Wave technology
(ARCEP, 2017).
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3.2. Multiple Input Multiple Output (MIMO)
MIMO technology provides one of the most
effective methods for next generation 5G
communication systems. This technology is based
on the use of many micro-antennas placed on the
same panel. While these numbers are between 8
and 128 with used frequency bandwidth now. the
number will increase further with the use of
frequency bands at 6GHz and above. MIMO
technology increases data rates and makes it
possible to focus energy on a device to improve
connection budget. Positional freedom achieved by
combining NOMA with MIMO which is used to
provide large-scale connectivity. Performance of
NOMA will significantly improve (ARCEP, 2017;
Buczkowski, 2018).
The studies about NOMA show that NOMA is
compatible with many 5G techniques. NOMA
offers an available solution for de manding and
variable 5G system requirements thanks to these
advantages.
4. CONCLUSION
Recently, research and studies on key
technologies that can be applied to 5G have begun
to spread to the sector. Switch to 5G, it will occur
when NOMA is applied along with other
destructive technologies such as mm Wave and
MIMO. This also shows that NOMA can be
combined with other technological developments
as well as creating the most important key
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ABSTRACT
Increasing network capacity to meet growing subscriber demand has become a constant need and has led to the development
of first generation (1G) systems towards fifth generation (5G) cellular networks. In the near future, there will be billions of
devices connected to networks. It is expected that such a large number of links will demand higher data rates, less latency,
improved system capacity and superior efficiency. The available spectrum resources are limited and need to be flexibly used
by the mobile network operators (MNOs) to cope with the rising demands. In a cellular network system one way to increase
its capacity is to allow direct communication between closely located user devices when they are communicating with each
other instead of conveying data from one device to the other via the radio and core network.
An emerging facilitator of the upcoming high data rate demanding next generation networks is device-to-device (D2D)
communication. In this study, a comprehensive survey of the device-to-device (D2D) communication is provided. Also, some
important topics such as interference management and resource allocation for D2D are also detailed to show the advantages
of direct connection of users in a cellular network.
Keywords: Device-to-device communication (D2D), next generation networks, cellular networks, fifth generation (5G)
* Corresponding Author.
specific future needs. These needs include new types of
short range services and data intensive short range
applications (Rinne et al., 2009). The emergence of
context-aware and multimedia applications have
constituted the motivation of using D2D technology.D2D
communications will allow new types of services such
multimedia downloading, video streaming, online gaming
and peer-to-peer (P2P) file sharing.

1. INTRODUCTION
In recent years, exponential growth of wireless
communication and data traffic, high demands for
broadband mobile wireless communications and the
emergence of new wireless multimedia applications and
services are constituted the key drivers to the
development of the Long Term Evolution-Advanced
(LTE-A) network. One of the main challenges of LTE-A
is to recover the local-area services and enhance spectrum
efficiency. To achieve those goals technical capabilities
are required. Device to Device (D2D) communications is
new technology that offer wireless peer-to-peer services
and improve spectrum utilisation in LTE-A (Harsha,
2014; Asadi et al., 2014). D2D communications was
initially proposed in cellular network as a new paradigm
to enhance network performance (Hicham et al., 2016).

D2D communication refers to technology that enable
the communication between multiple D2D devices or
users without having base station or intermediary devices
on a network (Shen et al., 2015). This makes D2D
communication a key technology to solve some problems
such as coverage and interference management. It
increase also spectrum utilisation and capacity and
enhance network performance and throughput. Differing
from the Bluetooth and WiFi-direct, we categorize the
D2D communication in cellular network based on the
spectrum in which D2D communications occurs. Thus,
D2D communication can occur on cellular system and in
this case called Inband D2D or can occur in unlicensed
spectrum and is called Outband D2D. The motivation of
choosing inband communications is usually the high
control over licensed spectrum.

D2D communication allows communication between
two devices, without the participation of the Base Station
(BS), or the evolved NodeB (eNB). Proximate devices
can directly communicate with each other by establishing
direct links. Due to the small distance between the D2D
users, it supports power saving within the network, which
is not possible in case of conventional cellular
communication. It promises improvement in energy
efficiency, throughput and delay. It has the potential to
effectively offload traffic from the network core. Hence,
it is a very flexible technique of communication, within
the cellular networks (Gandotra et al., 2014).

In D2D communications the cellular network can
handle phone calls and internet data traffic without
additional networks load from the promotional material.
However, there are many complexities of setting up and
to deploy D2D communications in LTE advanced
networks. These challenges and complexities include:

The motivation for D2D come directly from the user
requirements and D2D communications will serve
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D2D devices cause interference to the cellular users
which affect the performance of the network devices.

2.1 Inband Communication
The motivation for choosing inband communication
is the high control over licensed spectrum (Asadi et al.,
2014; Doppler et al., 2009; Das, 2015). Results show that
QoS provisioning had a lot of requirements by the
consideration of the uncontrollability of interference in
the unlicensed spectrum. In (Rinne et al., 2009), the
feasibility of D2D communications and its impacts in
licensed spectrum are studied by simulation and analysis
of different scenarios and authors show that by tolerating
the increase of interference in licensed spectrum the D2D
communication will be possible.

D2D communications define new QoS requirements
that must be addressed.
Hence, LTE-advanced present two techniques of
D2D communications that use Session: Initiation
Protocol (SIP) and Internet Protocol (IP). These
techniques have the benefit of providing the control over
the D2D connectivity to the operator. The integration of
D2D communications in LTE-A must take into account
LTE-A interfaces and network elements.
While the need for physical layer backward capability
imposes the D2D devices to utilize for their links the
current structure of the spectrum resources (Tsolkas et al.,
2014).

2. CLASSIFICATION
COMMUNICATION

OF

The most disadvantage of inband D2D is the
interference caused by D2D users to cellular
communications. This interference can be mitigated by
introducing high complexity resource allocation methods,
which increase the computational overhead of the eNB of
D2D users (Hicham et al., 2016).

D2D

2.2 Outband D2D Communication
D2D communication in cellular network can be
categorized into both Inband D2D and Outband D2D
based on the spectrum in which D2D communications
occurs (Lin et al., 2015). D2D communications is divided
into two modes or categories called ' Inband underlay
mode ' when the D2D communications use the cellular
resources, spectrum and Inband overlay mode 'when
cellular resources are allocated for the two D2D end
devices that communicate directly ( Figure.1).

Nowadays, Outband D2D communication is
attracting the attention of many researchers. In this
category, D2D communication is performed in the
unlicensed spectrum such as ISM 2.4G which made the
interference between D2D and cellular communications
impossible. On the other hand, Outband D2D my suffer
from the uncontrolled nature of unlicensed spectrum. To
exploit the unlicensed spectrum it is necessary to have
another extra interface that implements WIFIDirect, Zig
Bee or Bluetooth (Alliance, 2001; Asadi et al., 2013).

High control over licensed spectrum is the key
motivating factor for choosing the Inband D2D
communication. In other hand, the main motivation of
using Outband D2D communications is the capacity to
eliminate the interference between D2D links.
Furthermore, Outband D2D communications is faced
with a lot of challenges in the coordination between
different bands.

The coordination between two different bands
for
achieving Outband D2D communication has a lot of
challenges because in most cases the D2D
communications occur in the above mentioned extra
interface (Peng et al., 2009). Outband D2D
communication can be classified into two categories or
modes depend on the occurrence of the second interface.
These modes are called controlled mode when the second
interface in under cellular network or autonomous when
D2D control is done by users and the occurrence of the
second interface is not under cellular network. There are
also several literatures that refer to Outband D2D
communications (Hicham et al., 2016).

In this section, we provide a formal definition for
each category of D2D communication and an overview to
advantages and disadvantages of each D2D
mode. (Hicham et al., 2016).

D2D Communication

Inband

Underlay

Outband

Overlay

Controlled

Figure. 1 Types of D2D Communication (Asadi et al., 2014)
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2016).

3. ADVANTAGES AND DISADVANTAGES
OF INBAND AND OUTBAND
COMMUNICATIONS
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Nowadays, Outband communications is attracting
more and more attention. With the arrival of new
smartphones and new mobile devices in phone market,
device will be capable to implement Outband D2D
schemes. Some researchers provides an overview of the
advantages and disadvantages of Outband D2D
communications. They are putting high hopes and are
seeing it as the alternative to inband D2D communication
category (Hicham et al., 2016).

Advantages of Inband D2D
Underlay D2D increases the spectral efficiency of
cellular spectrum by exploiting the spatial diversity.
QoS management is easy by reason of entirely
controlled by eNBs.
The possibility of using Inband D2D communication
on any mobile equipement.

Disadvantages of Inband D2D
Challenging control of level of interference.
No possibility for D2D and cellular simultaneous
transmission.
High complication of resource allocation procedure
and power control.

Advantages of Outband D2D
Easier resource allocation.
Possibility of simultaneous occurrence of D2D and
cellular users.
None interference between D2D and cellular
subscribers.
None necessary to devote cellular resources to D2D
spectrum (Hicham et al., 2016).

Disadvantages of Outband D2D
Necessary to decode and to encode packets.
D2D communication only used by LTE and WiFi
radio interfaces.
Need of the efficient power management.

4. CONCLUSIONS
Device-to-device (D2D) communication is seen as a
new paradigm that will be implemented in the next
generations of mobile networks to provide high
performance in cellular network, improving coverage,
provide spectral efficiency, high data rates and offer new
peer-to-peer services with QoS guarantees.
In this paper, we present different categories of D2D
communications called Inband and Outband, and we
discuss related work and the different modes of each
category. We also discussed the weaknesses and strength
for each category.
Finally, we presented a description of entities,
interfaces and protocols for the D2D communication
architecture under LTE-A network based on LTE SAE
architecture. We focused on the innovative architecture of
D2D currently examined by 3GPP for integrating D2D
communications in LTE-A networks (Hicham et al.,
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ABSTRACT
Because of the inability of the third generation (3G) technology, the desire to increase data transmission speed has led to
the emergence of new technologies. The demand for mobile internet usage, users’ needs to transfer data at the higher
speed rate with data efficiency and higher service quality offered them long-term evolution (LTE) technology which is a
new radio access network. Although LTE is stated together with fourth generation (4G), it is actually considered a type of
4G. LTE's high efficiency, its better utilization of frequency range and lower cost make it a preferred radio access
network in today's technology. LTE technology uses Frequency Division Multiplexing (FDM) and Time Division
Multiplexing (TDM) methods to an important extent. LTE provides high data bandwidth and effective use of data. In
order to increase the amount of information carried, FDM modulation technique uses Orthogonal Frequency Division
Multiplexing (OFDM) technique via wireless network. While LTE uses OFDM technique in downlink, it uses SC-FDMA
(Single Carrier-Frequency Division Multiple Access) technique in uplinks.
Against the background briefly presented above, this paper presents a detailed study on the developments of the 4G-LTE
cellular networks by blending the current studies on the subject.

Keywords: Long- Term Evolution (LTE), 4G, Orthogonal Frequency Division Multiplexing (OFDM)
* Corresponding author
The aim of this paper is to present critical
information on the developments of the 4G-LTE
cellular networks by focusing the current related
studies.

1. INTRODUCTION
The fourth-generation cellular network
technology, LTE, aims to evolve using a new radio
access technology using packet switched network
technology that connects mobile devices to data
networks.While LTE uses the downlink OFDMA
(Orthogonal Frequency Division Multiple Access)
technique, the uplink SC-FDMA (Single CarrierFrequency Division
Multiplexing
Access)
technique and advanced modulation techniques,
such as high data transfer rate, low latency, and
improved quality of cellular network technology,
lower operating costs and better utilization of
frequency range.

2. LTE TECHNOLOGY
FEATURES

AND

USED

LTE forms the basis of new technologies in
mobile communications. LTE introduces a new
model of multiple access technologies
and
multiple access techniques such as OFDM
downlink OFDMA (Orthogonal Frequency
Division Multiple Access) in radio interface and
SC-FDMA in uplink. Advanced antenna
techniques (such as MIMO) are also important in
LTE. MIMO increases the radio network data
volume by transmitting the data in the same
frequency band through the simultaneous multiple
data sequences. The spreader is spread in the
mobile communications in multiple ways
(Tomažič and Jakuš 2009).

In addition to mobile networks, LTE offers
features similar to fixed networks. LTE is also
used in advanced antenna techniques. With LTE
simplified network architecture and advanced
radio access network, better network response
compared to 3G systems offers lower latency and
higher data rates. It should be known that LTE is
an IP-based connection (Tomažič and Jakuš 2009,
Ersoy and Yiğit 2017).

2.1. OFDM
OFDM technology is used at downlink in LTE.
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LTE data rates are at a much higher rate than
today's mobile speeds. Frequency division
multiplexed (FDM) bandwidth inefficiency causes
high data rates by dividing the frequency into
subchannels and transmitting them in parallel. In
OFDM, data modulated with data subcarriers is
first transformed in a serial manner to a serial form
on the transmitter side and then converted to a
sequence. These effects are reduced by cyclic
prefix and orthogonality between symbols and
interference between channels. OFDM symbols
include cyclic prefixes and data. The OFDM is
achieved by sharing the narrow band in a large
way, instead of the high bandwidth, to achieve
higher data rates. The OFDM spectrum meets the
needs of LTE thanks to its flexibility (Tomažič and
Jakuš 2009, Černý and Masopust, 2016).
2.2. OFDMA

Figure 1. LTE Basic Architecture[Ersoy and
Yiğit (2017, p. 353)]

The OFDM signal in LTE includes a range of
15 kHz with a maximum of 2048 subcarriers.
However, only 72 subcarriers are transmitted by
the base stations, while mobile phones need to
receive all of those 2048 subcarriers. In this way,
all mobile phones can talk to any base station
(Radio-Electronics.com, 2018).

EPC structure was created by using advanced
packet switching structure. EPC uses the Internet
Protocol (IP) structure. Ip uses 4 and 6 structures.
The packet data network gateway (P-GW) and the
service gateway (S-GW) serve as packet
forwarding devices. The P-GW provides operator
connections, internet access through SGI interface
(Stefania et al., 2009 cited in Ersoy and Yiğit,
2017, p. 353) , data exchange with external
devices, QoS management, and IP address
assignments.

Within the OFDM signal it is possible to
choose between three types of modulation for the
LTE signal (Radio-Electronics.com, 2018): (a)
QPSK (= 4QAM) 2 bits per symbol, (b)
16QAM 4 bits per symbol and (c) 64QAM 6 bits
per symbol.

S-GW is a routing device that transmits data
forward between domestic and overseas base
stations and the P-GW using the S5 / S8 interface
(Stefania et al., 2009 cited in Ersoy and Yiğit,
2017, p. 353). The transitions and mobility of SGW LTE networks between advanced Node Bs
controls. The MME is the unit in the control plane
of the EPC that manages roaming, session status,
authentication, and other bearer management
functions (Černý and Masopust , 2016).

2.3. SC-FDMA
SC-FDMA(Single-Carrier Frequency-Division
Multiple Access) technology is used at uplink in
LTE. One of the main reasons for using SCFDMA in uplink is the high PAPR (Peak-toAverage Power Ratio) used in OFDM. Since this
high PAPR battery life affects negatively, Uplink
SC-FDMA technology is used. Although SCFDMA shows similar features to OFDM,
subcarriers are not individually modulated. The
low PAPR provides a wide range of coverage. The
data is spread over the bandwidth by the
subcarriers
without
being
modulated.
Subsequently, the subcarriers are matched and the
data is transmitted in parallel in an inefficient order
(Radio-Electronics.com, 2018; Tomažič and Jakuš
2009).

3.1. SAE (System Architecture Evolution)
It is the core network architecture that supports
the features of LTE. SAE introduces the gateway
S-GW (Serving Gateway) and PDN (Packed Data
Network) and the MME (Mobility Management
Entity) switched mobile core network packet EPC
(Tomažič and Jakuš (2009, p. 94):
(a) S-GW and PDN gateway on the user plane
and

3. LTE ARCHITECTURE
The LTE architecture consists of 2 basic parts.
They have two basic architectures: the Packet Core
(EPC-Evolved Packet Core) and the Radio Access
Network (RAN-Radio Access Network).This
figure shows that LTE basic architecture.

(b) MME on the control plane.
This figure shows that architecture of LTE
radio access and core network.
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5. CONCLUSION
As the review of the literature reveals, LTE
technology offers a wider range of possibilities
with radio access network and network
architecture with higher data rate and better
network
response
efficiency.
With
the
opportunities of evolving mobile network
infrastructure, mobile operators and service
providers offer a wide range of possibilities.
Productivity, quality of service development,
better utilization of frequency range and integrated
with other open standards, along with lower
operating costs, further enhance the development.
Multiple access techniques such as OFDM and
SC-FDMA are used in LTE technologies. Further
theoretical and empirical studies on this topic may
help us to broaden our understanding in the related
areas and knowledge base.

Figure 2. Architecture of LTE radio access (EUTRAN) and core network (EPC) [Tomažič
and Jakuš (2009, p. 95)]
Figure 2 shows the simplified SAE network
architecture. It separates the user and control
plane. The latter plane is managed by the MME.
As an individual network element, the radio
network controller is directly connected to the SGW via MME in SAE. The eNodeB is in the
foreground by routing and forwarding incoming
messages in the direction of EPC. By
communicating with the mobile terminals on the
RRC (Radio Resource Protocol), the MME
chooses a MME during network connection to
make the physical layers functional. The MME,
which performs signaling and control on various
layers, is in the foreground with the structure of the
switch control node in the network (Tomažič and
Jakuš, 2009).
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There is a server gateway (S-GW) that comes to
the forefront with features such as support for
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There are many new applications and services
that LTE technology brings to life. With the
availability of network capacities that provide low
latency and high data rates, LTE services focus on
data and multimedia communications, offering
services along with enough radio signals to
provide services throughout the entire cell space.
Broadband communications and other security
enhancements offered by LTE. Users also clearly
demonstrate low latency by downloading a VGA
quality movie in a matter of minutes. The LTA is
evident in the fact that technology has gone a long
way in achieving better audio support and faster,
faster multimedia access to rich multimedia
content (Tomažič and Jakuš, 2009).
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ABSTRACT
Phishing is the act of reaching personal information without owner’s permission and using this information for
illegal and unethical purposes. With the increase in Internet usage phishing incidents have become more frequent.
Nowadays routines such as entering user password into a user account or online shopping via credit card provides
an environment for fraudsters. Fraudsters can imitate a website or send an e-mail to ask for user password or credit
card information, and use this information. There are several methods to detect phishing attack automatically.
Analyzing URL addresses is one of these methods. The aim of this study is to detect phishing attacks from URL
addresses and prevent innocent people from falling into the trap of fraudsters. To achieve this it is applied wellknown classification methods with Boosting method to improve classification accuracy on phishing dataset. This
dataset has 12 features with 95912 samples and 2 classes such as phishing or not. For experiments it is used hold
out method such that randomly chosen 80% of the samples in the whole dataset form the training set, and the rest
is used as the test set. It is used J48, MLP, LMT, Random Forest, and Random Tree classifiers from Weka data
mining tool. To improve classification performance Boosting is applied to the same classifiers and results are
compared. Accuracy values increase for J48, MLP, LMT, Random Forest and Random Tree classifiers from 93.2%
to 95.1 %, 84.5% to 84.6%, 93.1% to 94.9%, 95.3% to 95.4% and 93.8% to 94.7%, respectively after Boosting.
As a result, URLs give a lot of valuable information for automatic phishing attack detection without a large data
stack, and detection can be accomplished in a very short time.
Keywords: Machine Learning, Data Mining, Classification, Phishing Detection
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ABSTRACT
In recent years, many people diagnose as a cancer patient and lose their lives because of cancer. There are several
types of cancer. Liver cancer is one of the most frequently diagnosed cancers. Hepatocellular Carcinoma (HCC)
represents more than 90% of primary liver cancer. The aim of this study is to apply well-known classification
algorithms with Boosting method to improve their classification accuracy. It is used HCC dataset which consist of
165 patients information with 49 features, such as gender, albumin, age of diagnosis, alcohol (use or not), smoking,
number of nodules, iron, ferritin etc. 102 of these patients are labeled as survive and 63 are labeled as not survive.
Automatic decision whether the patient will survive or not with machine learning methods is very critical for early
treatment of cancer. For the experiments it is used holdout method such that the randomly chosen 80% of the
samples in the whole dataset form the training set, and the rest is used as the test set. After then, to overcome
imbalanced data problem, divided data is duplicated, and the distribution of survive and not survive samples in the
training and test datasets are approximately equal to each other. It is used J48, LMT, Logistic, Naïve Bayes and
Random Forest classification algorithms from Weka data mining tool for classification. To improve classification
performance, Boosting is applied to the same classifiers and results are compared. Accuracy values for J48, LMT,
and Random Forest methods are increased from 62.5% to 66.6%, 75% to 83.3%, and 66.6% to 75%, respectively.
And the best classification is achieved by the LMT method after Boosting. For the Logistic method, Boosting has
no effect on classification performance, and for the Naïve Bayes method accuracy value decreases by Boosting
method.
Keywords: Machine Learning, Data Mining, Classification, Cancer, Hepatocellular Carcinoma
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ABSTRACT
The idea of Internet of Things (IoT) is being realized with increasing number of physical devices connected
to the Internet. Having very limited resources, IoT devices have need for a new generation of protocols. The
Constrained Application Protocol (CoAP), responding to application layer communication needs of IoT
devices, has been designed by the Internet Engineering Task Force. The CoAP throughput in the IoT context
is defined as the number of messages successfully delivered per unit time. The ahead knowledge of the CoAP
throughput in an IoT network can, e.g., be useful for better network capacity planning. In this study, we
propose new models for predicting the average throughput in a 4x4 grid CoAP-based IoT network using
Support Vector Machine (SVM) and Multiple Linear Regression (MLR). On the client-side, we run 3, 6, 9,
12 or 15 CoAP clients requesting packets, sized with 12, 24, 36 or 48 bytes, from different CoAP servers
over 4x4 grid IoT network configured with packet delivery ratios of 90, 95 or 100. In total, 60 different
experimental scenarios, each of which was run 10 times to determine the average throughput of CoAP clients,
were created. Using 10-fold cross-validation, the performance of the prediction models has been evaluated
using several performance metrics. The results show that combining packet delivery ratio and number of
concurrently sending clients in a model leads to the highest correlation with the average CoAP throughput of
the IoT network. Particularly, this model produces the lowest prediction error among all SVM-based and
MLR-based models.
Keywords: Internet of Things, Throughput Prediction, CoAP, Contiki OS
* Corresponding author

(CoAP) as an application layer protocol for
constrained IoT devices [4]. As the Hypertext
Transfer Protocol (HTTP) of web on the Internet
become ubiquitous in most applications, the CoAP
was also developed as web transfer protocol to
satisfy the needs of constrained IoT devices. Thus,
the CoAP has very similar features to HTTP.
The CoAP diverges from the HTTP as
constrained IoT devices require low overhead
protocols. Thus, unlike HTTP-based protocols
based on complex TCP, CoAP operates over
simple UDP which does not provide any
congestion control (CC) service. Hence, the CoAP
employs congestion control services. However,
instead of using complex congestion control as in
TCP, the core CoAP specification leverages a
simple CC mechanism utilizing retransmission
timeout (RTO) with binary exponential backoff
(BEB) [5].
As IoT devices are equipped with constrained
communication capacity, the bandwidth of an IoT
network is low in general. This situation requires

1. INTRODUCTION
The Internet of Things (IoT) heralds the vision
of future Internet where increasing number of
physical devices, embedded with sensors,
actuators, communication unit, electronics,
software and protocols, exchange information
about themselves and their surroundings within
existing Internet infrastructure [1]. The IoT
transforms these physical devices into smart things
where a new generation of applications in city,
transportation, industry, factory, market, school,
vehicles, home, agriculture, healthcare, grid, power
plant, aerospace, aviation and other domains will
enrich our life [2,3].
As IoT devices are equipped with constrained
energy,
processing
unit,
memory
and
communication capacity, a new generation of
software and networking protocols are being
developed and standardized. In this sense, the
Internet Engineering Task Force (IETF)
constructed the Constrained Application Protocol
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careful allocation of bandwidth for IoT
applications. Particularly, bandwidth and Quality
of Service (QoS) sensitive IoT applications rely on
accurate prediction of IoT network throughput. In
this context, IoT network throughput is defined as
the number of CoAP messages successfully
delivered per unit time. However, it is not
straightforward to predict the throughput of the
CoAP because the CoAP CC employs BEB based
on RTO measurements. As a result, the CoAP CC
mechanism results with throughput variations
depending on RTO measurements.
Throughput prediction has been an active
research in cellular/mobile networks [6,7], data
center networks [8,9], wireless networks [10,11]
and wide area networks [12,13]. However, to the
best of our knowledge, there is no any research on
predicting the throughput estimation in CoAPbased IoT networks.
In this paper, we develop models to predict the
throughput of CoAP clients running at the Internet
and requesting packets over CoAP servers running
at an IoT network. We varied number of clients,
packet size and packet delivery ratio (PDR) of IoT
network and measured the throughput of each
CoAP client. Consequently, we obtained the
throughput dataset on which Support Vector
Machine (SVM) and Multiple Linear Regression
(MLR) were applied to predict the throughput of
CoAP clients.
The rest of the paper is organized as follows.
Section 2 gives the details of testbed setup and
dataset generation. Section 3 presents the
evaluation methodology. Results and discussion
are given in Section 4. Finally, in Section 5 the
paper is concluded along with future directions.

30 m

Fig. 1. Emulated 4x4 grid network topology
clients is varied as 12, 24, 36 or 48 bytes.
Moreover, the PDR of the 4x4 grid network is
varied as 90, 95 and 100. Consequently, totally 60
different experimental scenarios are obtained for
CoAP clients. For each experimental scenario, we
coded a shell script to run CoAP clients and
created a Cooja simulation file with related packet
size and PDR. All CoAP clients are run 3 minutes
in parallel. Each experimental scenario is run 10
times. We used 30 PCs to run our experiments. As
we have 60 experimental scenarios that run 10
times, each PC runs two experimental scenarios at
different times. The throughput of CoAP clients is
recorded in a text file for each experimental
scenario. We also wrote a java program to retrieve
the average throughput of CoAP clients recorded
in a text file. As a result, 60 different average
throughput values of varying number of CoAP
clients, packet size and PDR form our dataset.

2. EXPERIMENTAL SETUP AND DATASET
GENERATION

3. EVALUATION METHODOLOGY

To create the dataset, we run varying number
of CoAP clients residing at the Internet and
requesting packet from CoAP servers residing at
the 4x4 grid IoT network. The CoAP clients are
programmed with Californium implementation of
CoAP [14]. The numbers of clients are always
equal to the numbers of different servers residing
at a 4x4 grid IoT network. Each CoAP server is
programmed with Erbium implementation [15] of
CoAP in Contiki OS [16]. Moreover, Erbium
CoAP servers are based on UDP, uIPv6, RPL,
SICSlowpan, Carrier Sense Multiple Access
(CSMA) and nullRDC network stack running over
IEEE 802.15.4 physical layer. The 4x4 grid IoT
network is emulated at the Cooja simulator of
Contiki OS. Figure 1 illustrates the emulated 4x4
grid network topology.
The number of CoAP clients is varied as 3, 6,
9, 12 and 15. The requesting packet size of CoAP

Seven prediction models have been developed
by using the single, double and triple combinations
of the three predictor variables. Table 1 presents
the prediction models along with the predictor
variables that each model includes. For every
model, the throughput has been predicted using
SVM and MLR separately. The DTREG [17]
predictive modelling software has been used for
developing and evaluating the prediction models.
The performance of the prediction models is
evaluated by calculating their root mean square
errors (RMSEs), mean absolute errors (MAEs), and
mean absolute percentage errors (MAPEs), the
formulas of which are shown in Eqs. (1) through
(3), respectively.
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Models
Model 1
Model 2
Model 3
Model 4

Predictor Variables
Packet size
PDR
Number of concurrently sending clients
Packet size, PDR
Packet size, number of concurrently sending
Model 5
clients
PDR, number of concurrently sending
Model 6
clients
Packet size, PDR, number of concurrently
Model 7
sending clients
Table 1. Overview of throughput prediction models



Models
RMSE
MAE
MAPE (%)
Model 1
0.57
0.44
48.29
Model 2
0.55
0.42
44.60
Model 3
0.28
0.20
17.58
Model 4
0.55
0.43
45.51
Model 5
0.29
0.20
18.16
Model 6
0.12
0.07
5.80
Model 7
0.12
0.08
8.18
Table 2. Results for prediction of CoAP throughput
using SVM





Models
RMSE
MAE
MAPE (%)
Model 1
0.58
0.45
48.77
Model 2
0.54
0.44
47.11
Model 3
0.32
0.24
23.85
Model 4
0.55
0.44
47.26
Model 5
0.32
0.25
24.32
Model 6
0.26
0.20
21.95
Model 7
0.26
0.21
22.91
Table 3. Results for prediction of CoAP throughput
using MLR

 Y  Y 
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When all models are examined, Model 6
including the predictor variables PDR and
number of concurrently sending clients
has the lowest RMSEs, MAEs and
MAPEs, independent of whether it is built
with SVM or MLR. Fig. 2 shows the
scatter plots of actual vs. predicted
throughput values for Model 6 using
SVM.
In contrast, Model 1 including only a
single predictor variable (i.e. packet size)
has the highest RMSEs, MAEs and
MAPEs, independent of whether it is built
with SVM or MLR.
Using Model 6 including two predictor
variables gives approximately the same or
even better performance as using Model 7
including all the three predictor variables
together for both SVM and MLR.
When the effect of the three predictor
variables is investigated it is seen that
inclusion of packet size in SVM-based
and MLR-based prediction models has a
negligible effect on prediction accuracy.
The PDR and the number of concurrently
sending clients, in contrast, have a strong
effect on the prediction of CoAP
throughput. Particularly, the outcomes
show that the individual addition of these
variables into the prediction models
comparatively leads to significantly lower
RMSEs, MAEs and MAPEs.
In general, the SVM-based prediction
models outperform or at least exhibit
similar performance than the MLR-based
prediction models. Particularly, compared
with the RMSEs of models developed by
MLR, the percentage decrement rates in
RMSEs of models built by SVM range
from 1.72% to 53.84%.

5. CONCLUSION AND FUTURE WORK

(3)

In this paper, seven new models for predicting
the average throughput in a 4x4 grid CoAP-based
IoT network have been developed. The created
dataset used to form the prediction models
includes three predictor variables, namely packet
size, PDR and number of concurrently sending
clients. SVM and MLR have been applied on the
prediction models, and by using 10-fold crossvalidation, the performance of the models has been
assessed by computing several performance
evaluation metrics.
The results show that combining the packet
delivery ratio and number of concurrently sending
clients in a model leads to the highest correlation
with the average CoAP throughput of the 4x4 grid

In Eqs. (1) through (3), Y is the measured
throughput value, Y ' is the predicted throughput
value and n is the number of samples in a test
subset.
4. RESULTS AND DISCUSSION
Table 2 and Table 3 show the values of
RMSE, MAE and MAPE for all developed SVMbased and MLR-based prediction models,
respectively. Based on the results obtained, the
following discussions can be made for the
prediction of CoAP throughput:
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Fig. 2. Scatter plot of actual throughput vs. predicted CoAP throughput for Model 6 using SVM

IoT network. In contrast, the packet size has the
lowest relevance and correlation with the CoAP
throughput. Finally, the SVM-based prediction
models exhibit better or at least similar
performance than the MLR-based prediction
models.
Several research directions for future work are
available for this prediction field. Other candidate
potential predictors of CoAP throughput such as
the average round-trip time or number of hops in a
grid IoT network can be tested to investigate
whether more accurate prediction models can be
developed. Other promising regression methods
such as deep learning and artificial neural
networks can be utilized that have never been
applied for development of CoAP throughput
prediction models.
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ABSTRACT
Android is an open source operating system designed for mobile devices. It is known to have a very
comprehensive software architecture. The entire infrastructure required for software specialists is available in
a large library. Today, Android operating system is more commonly used than operating systems such as IOS
and Windows Phone on phones and tablets due to its features like open source code and free of charge.
Today, smart phones, tablets, watches, glasses, televisions are produced with Android operating system. The
use of phones and tablets is above the use of a laptops nowadays. Global Navigation Satellite System (GNSS)
receivers in products such as smartphones and tablets make people's life easier by providing location services
more effectively to users. Mobile Geographical Information Systems is advancing with high speed nowadays,
with the benefit of gathering, storing, organizing etc. data with mobile devices, also being eligible for
creating easy-to-use navigational systems. Android Studio is a Google-sponsored and continuously updated
interface coding program used to develop software on Android operating systems. It provides great
convenience in software creation. In this study, a public transportation system of Sivas city is produced. This
system provides users with the information of where the bus stops are and how to navigate to them, when the
buses will arrive at the desired stops, weather and also an interface to charge your bus card before using it.
The aim of the study is to prove if Android-based mobile applications can be used to ease the life of citizens
by providing up-to-date information about public transportation systems.

Keywords: Android-Based, Mobile Geographical Information Systems, Public Transportation
* Corresponding author

purpose of these application are to ease the
communication between parties, find out the best
routes for travels, provide up to date information
about accommodation, or even to be used in
creating disaster tracking systems etc.
In this study, a public transportation system of
Sivas province is produced. This system provides
information about the bus stops, how to navigate
towards them, when the buses will arrive and etc.
The main purpose of this application is to provide
an easy-to-use user interface to make a complex
transportation system easier to understand. This
study is a part of undergraduate final project. For
present, it was developed to solve some primary
problems related to transportation. In the future,
new features would be added and features at
present would be developed according to user
needs.

1. INTRODUCTION
In a rapidly growing world of technology,
Mobile applications and devices are a big part of
our lives. Android is mobile operating system that
runs on Linux Kernel. It can be developed with
Google-enabled Java language written codes
(Holla & Katti, 2012). In today’s world, mobile
devices with GNSS-location support, can be used
to obtain location-based information via users,
thanks to the rapid development of wireless
communication
and
location
positioning
technologies (Kushwaha & Kushwaha, 2011).
These location-based information can be processed
into Mobile Geographical Information Systems
(MGIS) for related uses (Taşkın et al., 2017).
Some of these MGIS, is optimized to be used in a
crisis where decision-making process would need
real time data from its users (Frigerio et al., 2018),
some would need annual or mensal data for their
purpose (Shamsuddin et al., 2018).
There are a lot of examples of MGIS in
literature (Gupta et al., 2018; Wasserman, 2010;
Bhongale et al., 2018; Beltran et al., 2018; Pagare
et al., 2017). These MGIS application are based on
easy use and real time information. The main

2. MATERIALS AND METHODS
Sivas province of Turkey has been selected as
the study area (Fig. 1). Sivas has a population of
approx. 360000 people. Its public transportation
system is rather simpler than the bigger provinces
of Turkey. Bus stops locations of this application
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were obtained by a hand-held GNSS receiver.
The application provides information about
“where” the bus stops are, how to “navigate” to
them, and “when” the buses will arrive at the
desired bus stop and the routes of the buses. It also
provides 7-day weather forecast, an interface to
charge your bus card, and a contact information
interface to call transportation authorities. This
application is provided in Turkish language in
order to be used by the public. The application is
presented as an apk file. The coding can be found
in this link:

The users can check out the routes section in
order to find out which bus start its route when and
when it will arrive at the desired bus stop (Fig. 3).

https://www.dropbox.com/s/ec3rztg6yq3jq9j/Codi
ng.docx?dl=0

Fig 3. Route interface
The users can use the bus card charging part in
order to charge their bus card with credit card in
the related web-site of the local transportation
administration, or you can even make your mobile
phone a bus card if need be (Fig. 4).

Fig 1. Study area
3. RESULTS AND DISCUSSION
In the bus stations section of the interface, the
users can click on any bus stop they want to arrive
and receive information about which buses have it
in their route (Fig. 2).

Fig 2. Bus stop information interface

Fig 4. Bus card interface
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A weather forecast system is also embedded
within the application which provides daily and
hourly weather information about the province so
that the users can make their trip arrangements
according to the weather (Fig 5).

province with no cost and extensive accessibility
range. The android system is an open source code
system and will continue to evolve continuously.
Thus, MGIS applications will be developed
constantly for more efficiency.
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In settings section of the application, the users
can turn on/off notifications about bus stop timers
related to their choosing. Also they can use the
contact part in order to find the phone number of
transportation authorities if any accidents occur, or
if a bus doesn’t arrive at its scheduled time.
As it’s described this section, main purpose of
this study was to ease the public transportation
system of Sivas province. Our aim was to provide
up-to-date bus stop, routes, weather etc.
information to the users in an easy-to-use interface.
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4. CONCLUSIONS
In this study we provided an easy-to-use
mobile application regarding public transportation
system of Sivas province. It’s most notable
achievement can be that it’s free of charge, and it
can be used in all devices that use Android
operating system. With this application, the users
will be able to plan their travels easily with up-todate information. This and similar applications in
MGIS can improve the quality of residents of a
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ABSTRACT
Since 2000’s, wireless devices such as smartphones and tablets, which are perhaps the biggest share of the
rapid development of technology, have come to be adopted by big masses around the world because of their
ability to reach everyone without difficulty with better, faster and cheaper models. When statistics are taken
into account, mobile devices and mobile applications are seen to be used both globally and extensively in our
country, Turkey. Mobile Geographical Information Systems (MGIS) is interested in collecting, storing,
organizing, analyzing and displaying geographical information. Mobile devices, which can now be used as
extensions of Geographical Information Systems (GIS) applications, can be used by field workers for
mapping and data access, data collection, and emergency intervention. In this study, it is aimed to reach the
true information about the student dormitories located in Sivas province, to help the decision making process,
to access the decided dormitories quickly, and to easily locate the dormitories in the android environments
easily. Geographical information of this study is taken from Google Maps service, and the non-geographial
data is collected from dormitories’ web-sites etc. The application is created with MIT App Inventor
application.

Keywords: Android-Based, Mobile Geographical Information Systems, Public Transportation
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dormitories or if any service changes occur in any
of the listed dormitories in the application.
In this study, an information system about the
private dormitories across Sivas city is produced.
The main objective of this study is to prove that
these kind of applications can make students’
decision
making
process
about
their
accommodations easier. It should be stated that
this study is a part of undergraduate final project.
For present, it was developed to solve some
primary problems related to dormitory selection
need for the students. In the future, new features
like comparison of dormitory prices or bedding
status etc. would be added and present features
would be developed according to user needs.

1. INTRODUCTION
Along with the rapidly developing technology,
mobile devices have been a big part of our lives.
The Android operating system is a system that
runs on Linux kernel and can be encoded with
Google enabled Java language (Holla & Katti,
2012). Development of wireless communication,
location positioning and other technologies have
enabled mobile devices to be used in useful fields
such as Mobile Geographical Information Systems
(MGIS) (Kushwaha & Kushwaha, 2011).
Location-based information obtained from any
device can be processed into MGIS for related uses
(Taşkın et al., 2017). There a lot of fields for
MGIS to be used, some of these MGIS, is
optimized to be used in a crisis where decisionmaking process would need real time data from its
users (Frigerio et al., 2018), some would need
annual or mensal data for their purpose
(Shamsuddin et al., 2018).
There are a lot of examples of MGIS in
literature (Gupta et al., 2018; Wasserman, 2010;
Bhongale et al., 2018; Beltran et al., 2018; Pagare
et al., 2017). MGIS applications are planned to be
ease of use. The important thing is they are also
easy to be updated. In specific example, student
dormitory application can be updated with newly
opened dormitories, location changes of the other

2. MATERIALS AND METHODS
Dormitories across Sivas province of Turkey
has been selected as the location-based data for
this study (Fig. 1). Sivas has a population of
approx. 360000 people and it nearly has 60000
students and its constantly increasing in numbers.
Turkish government provides a big part of its
university students with government managed
dormitories. But a considerable part of students
still have to apply for private dormitories. The aim
of this study is to provide up-to-date information
about the private dormitories across the city to help
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the decision-making process and also how to
navigate to them. The locations of the dormitories
and the basemap used for this study was provided
by Google Maps.
The application provides information about
both male and female dormitories. The users can
also reach out to their phone numbers, comments
from other users, each dormitory’s services etc.
The application is provided in Turkish language as
its being the native language of our country. The
source of the application can be found in this link:
https://www.dropbox.com/sh/nksbozodakkl97n/A
ABMUIPwn7rqhW0Fg7NZcoO9a?dl=0

Fig 2. Gender selection
The users can select their gender to find the
related dormitories about their choice. In both male
and female selections, several information about
the dormitories are presented (Fig. 3).

Fig 1. Study area

3. RESULTS AND DISCUSSION
Since there is no application that was
previously shared on the internet for the
dormitories in Sivas, our application has the first
feature. This application developed in the Android
environment has the position to be functionally
improved with respect to visual and GIS based
processes like every other mobile application.
Accommodations can easily be found with this
system, which aims to find the dormitories that
students easily search for and to communicate with.
The starting page of the application consists of
two selections for male or female dormitories (Fig.
2).
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Fig 3. Upper figure – female dormitores, lower
figure – male dormitories
Fig. 5 Locations of the dormitories

The services, phone numbers, addresses, and
also locations of the dormitories are presented with
each related click on the dormitory pictures (Fig. 4
& Fig. 5).

4. CONCLUSIONS
In summary, as a result of the study, the
students living in Sivas are provided with the help
of GIS for transportation and quick decision
making, saving time and determining the eligible
dormitory for their choosing. It’s most notable
achievement can be that it’s free of charge, and it
can be used in all devices that use Android
operating system. This and similar applications in
MGIS can improve the quality of students that are
away from their hometown with no cost and
extensive accessibility range. The android system
is an open source code system and will continue to
evolve continuously. Thus, MGIS applications will
be developed constantly for more efficiency. The
users won’t need to search for every dormitory by
using internet services or searching the city by any
means. This application will present all the
dormitories available in one interface and will
provide enough information to make a decision
just by clicking on. In the future, comparison of
dormitory prices and some other planned features
will be added to the present application.
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ABSTRACT
In this paper, we provide automatic segmentation of the air write letters. Air write recognition enable
applications to read the text that users wrote on the air as an invisible surface. Such a process requires
discriminating the letter signals from the noisy background signals. With Arduino MPU6050 sensor, namely
3-axis gyroscope and accelerometer, 6 signals are generated to represent the data due to hand movements
during the air write. The letter data is formed by writing a sequence of letters in succession. We use block-wise
variance thresholding to segment the letter signals, which extracts the start and stop position of the letter data
in time signals. Furthermore, we provide a comparison study for classification of Turkish letters, written on
the air. We use k-nearest neighbor (KNN) and decision tree algorithm with Fourier and Wavelet features
considered. The results show that the segmentation algorithm efficiently extracts the letter data.
Keywords: Air write, Letter segmentation, Arduino MPU6050, K-nearest neighbor, Decision tree

with time and operate with the principle of
equilibrium protection. There are studies [2] using
specially designed pens that contain various
sensors. In addition, devices such as Microsoft
Kinect [3], which are used to detect hand
movements in a number of IR (infrared) camera
sequences, use IR depth sensors. Leap Motion, a
device that can detect hand movements called Leap
Motion [4], is able to perceive the movements of 10
fingers with motion sensors and cameras very
precisely without delays while illuminating your
hand with three LED lamps. The LEDs emit IR light
and observe the reflections on the cameras to detect
motion in the hemisphere-like area. The main
disadvantage of IR-based systems is that people
have to position the device specially. Such systems
are often preferred to provide human-computer
interaction in games such as virtual reality. For this
reason, in the literature, the air-writable data set is
usually developed using 3-axis accelerometergyroscope sensors with various hardware platforms.

1. INTRODUCTION
Technology is evolving at a dizzying pace and
increasingly important in our lives every day. The
ability to integrate with the other devices in the
environment ensures that these devices become a
part of our life. For this reason, the concept of
wearable technology has become the most
important element of human computer interaction.
In this paper, it is aimed to recognize the letters
written in the air with a system placed on the hand.
Although air writing does not seem to be a new
technology, it offers a technology that will spread
widely in the future and will make the life easier,
especially for the education of young age groups
and for the disabled people.
This system enables users to write in 3D using a
hand and a finger as if they had a surface to the air.
This method provides freedom of hand, writing in
every environment, developing psychomotor skills
in small age groups, making writing more
enjoyable, unlimited space for writing, ease of
movement and many other benefits. When studies
are done, airborne surveys can be classified
according to the types of sensors on which the data
set is generated. It is seen that the sensors used in
many studies have the same function. Often these
sensors [1] use 3-axis accelerometer-gyroscope
modules that measure the rate of change of velocity

Each study produced its own set of data. For this
reason, no comparison can be made between
studies. The recording of all movements of the
finger during writing to the air creates a noisy
dataset. It is necessary to remove the background
noises from the data and separate letter signals from
the background signals. The clean data will be
healthier than the raw data. Many feature extraction
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and classification methods are studied for the air
write problem in literature. However, all of them
apply their methods on closed datasets, which are
not available to public. In this paper, we propose to
use a standard dataset for Arduino based air writing
problem, and allow researchers to compare their
studies on a standard dataset. We also provide a
comparision study on the Arduino dataset, which
uses the k-nearest neighbors (KNN) and decision
tree as classification methods based on Fourier and
Wavelet feature extraction.

based feature extraction [11] has been proposed to
work with the depth sensor of Microsoft Kinect.
Support Vector Machine (SVM) is used in a study
using the accelerometer sensor of Samsung phone
[12]. In the study that uses a special pen called BiSP
[13], the classification process is done by using
Reduced Dynamic Time Warping (RDTW)
algorithm after feature extraction using Neural
Network. While many other studies [5,14,15] have
examined the features of the air writing data in
general. According to this works, following feature
extraction methods are considered in the literature:
Bayesian Network, Hamming Distance, Viterbi
Training, Gaussian Mixture Model, Waveform
Feature Extraction, Maximum Like hood methods,
Support Vector Machine, Dynamic Time Warping,
Hidden Markov Model.

The paper is organized as follows. Second
section provides related work in literature for air
write recognition problem. Third section provides
the system model and problem formulation, which
covers the details of Arduino Dataset, feature
extraction and classification methods. The forth
section provides the experimental results, which
compares the classification methods. Final section
gives concluding remarks with future directions.

In this study, a Turkish dataset was created
using the Arduino MPU6050 sensor. The noisy
background data in the raw signals are
automatically detected and letter data are
segmented. Wavelet Transform and Fourier
Transform are used comparatively as feature
extraction method. The segmented letter data is
classified according to KNN and decision tree
methods.

2. RELATED WORKS
Work on air writing has been increasing in
recent years. Different devices, including
accelerometers, gyroscopes and depth sensors, are
used to get motion signals as data streams. Majority
of the works in the literature uses accelerometers
and gyroscope combined modules, including
special devices such as Biometric Smart Pen (BISP)
[5] that internally use them. In the case of using a
mobile phone[1], the mobile phone itself is used as
a pen to recognize the letters written on the
air.There are studies that use Kinect's color and
depth information developed by Microsoft [3] to
recognize fingerprints and handwriting. Similarly
using Leap Motion sensor [4, 6], which includes
two IR cameras and three infrared LEDs that can
detect movements in one meter semi circle area on
the sensor. There are also authentication systems [7]
taking advantage of the authenticity of human
writings in the air. In another study [8], "Finger
Motion Tracking System" was established, which
uses an ordinary webcam to capture finger
movements.

3. MATERIAL AND METHOD
The system model consists of 3 steps in general:
1) transferring the signals from the sensor to the
MATLAB™ software development environment
via the serial port and creating the raw data 2)
segmenting the signals into letter signals, 3)
generating training and test datasets.

AİR WRİTİNG, ARDUİNO MPU6050, READİNG SENSOR

SEGMENTATION OF DATA

Air write recognition problem is subjected to a
series of processes such as noise elimination,
feature extraction, and classification. In literature,
there exist many works that uses various feature
extraction and classification methods. The methods
generally depends on the underlying hardware
sensors considered. For example, using Leap
Motion technology, Gaussian Mixture Model
(GMM) was used for hand movement detection and
Hidden Markov Model (HMM) was used for
classification [9]. In the other study [10], feature
extraction using neural network and classification
using Fuzzy Logic are considered. The Kalman
Filter and Linear Discriminant Analysis (LDA)

FEATURE EXTRACTION AND CLASSIFICATION

Fig. 1. Steps for generating Arduino dataset
3.1. Generating the Dataset
The connection between Arduino UNO and the
MPU6050 sensor with 6 degrees of freedom is
shown in Fig. 2. The sensor is fixed to the finger
(Fig.3) and the data read from the sensor is
transferred to the MATLAB software development
environment via serial port where row signals are
processed and Arduino based
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Fig. 4. 6-channel data for two instances of a letter
Fig. 2. Connection of Arduino Uno with MPU6050
3.2. Segmentation of Letter Signals
This section describes a method throug Eq.1 to
Eq.8 to partition a multi-channel time series airwriting data into its segments. Let X∈ℝ6×N be a
matrix of 6-channel air-writing signal captured by
our experimental acquisition device. Here N
denotes the total number of samples acquired during
air-writing process. Each row Xi of this matrix
represents a specific acquisition channel while
columns represent acquired samples. Thus, Xi,j
represents signal acquired in i-th channel at time j.
A segment in X represents signal activity due to
air-writing action. Thus, its signal characteristics are
significantly different than that of segments
representing no signal activity i.e. acquired signals
when the hand is at rest. Each segment S of X is
marked on time index j by a start index Ss and an
end index Se, where Ss< Se. In order to find segment
boundaries, firstly each channel’s signal Xi is
normalised according to

Fig.3. Designed Arduino based glove
dataset is generated using the letter segmentation
algorithm. For the dataset, A5 size paper with Arial
font size 530 pt is considered as a reference for
Turkish letters. The reason for this is to standardize
the dataset by limiting the unwanted hand
movements of the writer during writing. Because
the writing speed and style of individuals are neither
stable nor perfect. Furthermore, the individual
differences should be takeninto account. All these
factors requires to adopt some standard in order to
enable comparison studies on air write problem.
TheArduino dataset includes29 Turkish letters
in capital. A total of 427 letters are generated for
TrainingSet where each letter has at least 15
instances. The same number of letters are generated
for the Test Set. There are 6 signals(channels) in the
dataset, which corresponds to Accelerometer x (a),
y (b), z (c) and Gyroscope x (d), y (e), z (f) axis
values. Thus, the a, b, c, d, e, f channels are
represented as rows of a data matrix, which is called
as 6-channel data here. The 6-channel data is
demonstrated in Fig.4 for two instance of a letter.

where

(1)

and

(2)
(3)

Normalized channels are utilized to compute a
matrix ∈ℝ6×N capturing standard deviation of each
sample along its time axis, or j-axis. Let f∈ℝ1×(2w+1)
be a vector of the following form

(4)
where 𝓌∈Z+ is a filter parameter and pi,j∈ℝ1×(2w+1)
beapatchofsignalcentered in channel i at time j
formed as follows
(5)
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Σi,j is calculated according to
𝑆𝑖 = 𝑟𝑒𝑠𝑖𝑧𝑒(𝑆𝑖, 𝑛, 𝑚) )
𝐹𝑖 = 𝑣𝑒𝑐𝑡𝑜𝑟(𝑎𝑏𝑠( 𝑓𝑓𝑡2(𝑆𝑖, 𝑛, 𝑚)))

(6)
where ⨀is Hadamard product (or element-wise
multiplication
of
vectors).
It
is
worth to note that Σi,j captures local variation around
sample
j
in
channel
i
which is further used to create a vector σ∈ℝ1×N
representing
average
signal
variation over all channels, i.e.

(9)
(10)

Similarly, the wavelet based feature vector of
the segment 𝑆 𝑖 , denoted by 𝑊 𝑖 , is acquired by
applying the sequential steps in Eq.11-12 where the
𝑆 𝑖 data is assumed to be resized to 6x60 (6
channels(rows), 60 average coloumns) similarly.
The wavelet transform divide the input to one
approximation and three detail components. We
concatenate approximation and detail coefficients
of all levels. The function 𝑤𝑎𝑣𝑒𝑙𝑒𝑡2 does 2-D
wavelet transform and returns all wavelet
coefficiants in a matrix consisting of 4 components
in this order [average, horizontal, vertical,
diagonal]. Thus, the average matrix contains all
coefficients of all levels in increasing order. We
used 4 decomposition levels by using the “db4”
wavelet. This analysis method allows the signal to
be analyzed in the time and frequency domain.
Further information about wavelet transform can be
found in [16].

(7)
The average signal variation σ is linearly
normalized according to
(8)

where min and max are functions returning
minimum
and
maximumvalues
of the input vector, respectively. The 1D vector
σ^∈ℝ1×N
is
partitioned
into
high- and low-variation segments based on adaptive
Otsu
thresholding.
In
other
words, Otsu thresholding creates a binary signal
b∈{0,1}1×N
for
each
sampling
time j indicating whether the corresponding multichannel-signal is a part of air-writing activity or not.

𝑊𝑖 = 𝑤𝑎𝑣𝑒𝑑𝑒𝑐2(𝑆𝑖, 𝑙𝑒𝑣𝑒𝑙 = 4, "𝑑𝑏4")(11)
𝑊𝑖 = 𝑣𝑒𝑐𝑡𝑜𝑟 (𝑊𝑖)
(12)

We used k-nearest neighborhood (KNN)
algorithm to classify any action segment to one of
the Turkish letters. The algorithm used here finds
the k closest segments in the feature spaceusing
Euclidan distance metric. Then, majority votes of
the k samples decides the final classification.

The binary vector b is further filtered with
medianfilterof size 𝓌 to alleviate the impact of
noise on image acquisition and binarization
processes. The final process is to use contiguous
sample samples in b to mark start and end of each
air-writing segment.

4. EXPERIMENTAL RESULTS
The data read from the MPU6050 sensor is
transferred from Arduino to MATLAB software via
serial port. The signals are segmented using our
segmentation algorithm. Some outputs are shown in
Figure 5-6 for demonstration purpose.

3.3. Feature extraction and classification
The feature extraction method takes the letter data
Si as input, which represents the 6-channel data for
the i. letter in segmented dataset and generates its
vector representation as a series of Fourier or
Wavelet coefficients. Si is generated by our
segmentation algoritm. The Fourier based feature
vector of the letter 𝑆 𝑖 , denoted by 𝐹 𝑖 , is acquired by
applying the sequential steps in Eq.9-10. Since each
segment length is varying for each letter, we force
all segments to be same size. Thus the 𝑆 𝑖 matrix is
first resized from n x m (n=6, m varies) to 8 x 128
size (for fft processing) using bicubic interpolation
and then 2-dimensional Fourier transform is applied
to the 𝑆 𝑖 matrix and the resulting matrix is
converted to column vector. Resizing the letter data
equalizes the lengths of all feature vectors. n x m is
tested accross 8x32, 8x64, 8x128 best result is
observed with fft2 on 8x128.

Fig. 5. Data by segments
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interesting to discover that Fourier based feature
extraction achieves similar with the Wavelet based
feature extraction. Also, k-nearest neighbour
achieves better than the Decision Tree classification
on air write letter recognition problem.
The widespread use of motion sensors with
wearable technologies suggests that air writing
technology will be a technology that can replace
digital-based writing in the future. However, better
approaches are needed to make this vision to a
reality.

Fig. 6. Segmentation of the Letter ‘A’
Then, Fourier coefficients and Wavelet
coeefficients are generated to be used as feature
vectors. The results show that Wavelet and Fourier
based feature extraction performs similar on-air
writing data. As Table 2 shows KNN achieves 93%
success on Fourier based feature extraction whereas
Decision Tree achieves 76%. We can say that KNN
achives better than the Decision Tree on air writing
letter recognition.
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The success rates for each Turkish letters show
in Fig. 7 where the results are obtained by using the
Fourier Transform as feature extraction and KNN
as classification. Talking in general, the success rate
of Turkish letters seems better than the others with
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Fig. 7. Success rates by letter
5. CONCLUSION
In this work, we used Arduino MPU6050 sensor
to recognize the Turkish letters written on the air.
The remarkable aspect of our study is that we used
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ABSTRACT
Nowadays, the problem of recognizing handwriting characters is one of the subjects which are accepted as difficult in the
literature due to the individual handwriting of each individual. Many methods have been defined and used to recognize
handwriting. In this study, the MNIST data set consisting of 70000 data was used and 99.04% success was achieved by using
back propagation and convolutional neural networks with Python programming language.
Keywords: Back propagation artificial neural networks, Convolutional neural network, Handwritten digits, MNIST dataset
1.

Many studies have been carried out on handwriting
recognition. The most successful of these studies is the
study of NIU and Suen hybrid neural network with 99.8%
success rate. In this study, CNN was used for feature
extraction and support vector machine (SVM) network
was used for character recognition (Niu and Suen, 2012).
However, for the same data, the training and testing times
of the network are much higher than our study. For
example for 10000 test data, testing time of our network is
4 seconds by PC with Intel Core i5-7200U CPU 2.50 GHz
and 4 GB Ram, it takes 51 seconds at NIU and Sue’s study
by PC with Intel Pentium D CPU 3.40 GHz and 4 GB Ram.
At another successful study, principal component analysis
(PCA) was used for feature extraction, and the BPNN was
used for training. In character recognition, thirteen
different algorithms were used for comparison purposes. It
was observed that these algorithms had the lowest success
rate with 76% Fisher´s Discriminant Ratio (FDR)
algorithm and the highest with 92% BPNN with PCA
algorithm (Dan and Xu, 2013).
In this study, the feature extraction of the data set was
not performed, ready (feature extracted) data was used. In
order to achieve better and faster results for number
recognition and comparison, CNN and BPNN
architectures have been used. As a result of the study,
approximately 99.04% success was achieved. In the
methodology section, topics related to the processing of
the data set, training and testing of networks were
discussed. In the results section, the results of the study and
the inferences are stated.

INTRODUCTION

The problem of recognizing handwriting characters is
one of the most studied subjects in literature
(Al_Mansoori, 2015). It is aimed to read handwriting by
smart devices and thus to make the operations done faster
and more efficiently. Reading doctor prescriptions,
performing transactions related to customers in the bank,
separating the boxes from the post office to the places to
go can be some examples of such studies.
The fact that each individual or community has its own
handwriting increases the variety of handwriting. This
extreme diversity brings along the difficulty of character
recognition. In this study, back propagation neural
network (BPNN) and convolutional neural network
(CNN) have been used to overcome the difficulties
mentioned, to increase the performance rate and to
accelerate the procedures.
During the study many variations were tried by
changing the parameters of the networks. The best result
obtained is 97.91% for BPNN and we have reached a
success rate of 99.04% in CNN. It was observed that the
CNN was more successful than the BPNN in all criteria.

2.

METHODOLOGY

The MNIST data set used in the study is the preprocessed of the NIST data set and converted from the
image to the numerical form. During this conversion,
NIST's original black and white images have been resized
to fit in the 28x28 pixel box while maintaining the aspect
ratio (Dan and Xu, 2013). Images that have been resized
include grey levels as a result of the anti-aliasing technique
used by the normalization algorithm.
As shown in Fig. 2, the mass centre of the pixels is
calculated and centred in an image of 28x28. Image is
rotated to place the image in the centre of the area of
28x28. Since it is sized as 28x28, each pixel of the image

Fig. 1. Sample of the MNIST data set
In the study, MNIST data set was used as data set (Fig.
1). MNIST is a set of data collected from about 250
different people, consisting of 60000 training data and
10000 test data, containing only numbers. It is the most
widely known and used set of data in the literature (Dan
and Xu, 2013). The fact that the training set is so large
increases the rate of learning and success.
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consisting of 784 pixels has been digitized by giving
values between 0 and 255 according to the density of the
pixel. The value of 0 indicates that the pixel is white, and
255 indicates that the pixel is black (The MNIST database
of handwritten digits, 1998).

already been set. For this range, the lower limits are 0.0,
and the upper limits are calculated using the number of
nodes in Eq. (2).
𝑤𝑚𝑎𝑥 = 𝑛−0.5

(2)

In this calculation, 𝑤𝑚𝑎𝑥 refers to the maximum
weight that the connection can initially take, and n refers
to the number of nodes in the layer. The first range of
values of these connections is shown at Table 1. Wih at
means value of the connection can set from input layer to
hidden layer initially and Who means value of the
connection can set from hidden layer to output layer
initially.
Table 1. Initial range of connection weights of network
Number
of Node
200
10
Fig. 2. A pixel-separated image

2.1. Back Propagation Neural Network
The neural network consists of 784 input nodes as well
as the number of pixels of each image, 200 hidden nodes,
10 output nodes since the number of digits to be classified
is between 0 and 9. Fig. 3 shows the architecture of the
neural network. In the network, the sigmoid function
shown in Eq. (1) is used as activation function.
1
1+𝑒 𝑥

Wih
Who

Minimum
Value
0.0
0.0

Maximum
Value
0.0707
0.316

The first step during training is to calculate the net
input by multiplying the weights with the input values.
Then, the value of net input in the sigmoid function is
calculated to calculate the output of the hidden layer. By
multiplying the weight with output of hidden layer, the net
output of the input is calculated. In order for the error to be
minimum, the output is compared with the value that
should be. The gradient value of the output and hidden
layers were calculated for updating to weights.

For the recognition and classification of handwriting,
BPNN and CNN were used.

𝑔(𝑥) =

Parameter

𝛿𝑐 = 𝑂𝑐 (1 − 𝑂𝑐 )(𝑂𝑐 − 𝑦𝑐 )

(3)

The calculation of the gradient value of the output
layer at Eq. (3) is shown. In the equation 𝛿𝑐 means to the
gradient value of the output layer, Oc means output value
of network and yc means value that should be.

(1)

x indicates the net value of the weighted sum. The
sigmoid function returns a value between 0 and 1.

𝛿𝑔 = 𝑂𝑔 (1 − 𝑂𝑔 ) ∑𝐶𝐶=1 𝛿𝑐 𝑤𝑔𝑐

(4)

Equation (4) shows the calculation of the gradient
value of the hidden layer. At equation, 𝛿𝑔 means gradient
value of the hidden layer and 𝛿𝑐 means gradient value of
the output layer. Og means output value of the hidden layer,
yc means value that should be. 𝑤𝑔𝑐 means the weight value
of the connection to the output layer from the hidden layer.
The last operation to be performed is the updating of
the weights. In Eq. (5), it shows the weight change that
must be in a connection from the hidden layer to the output
layer. At equation, ∆𝑊𝑔𝑐 means change that should be, 𝜇
means learning parameter, 𝑂𝑔 means output value of
hidden layer. As shown at Eq. (6), the amount of change
found is added to the old weight value and the new weight
value is calculated.
∆𝑊𝑔𝑐 = −𝜇 𝛿𝑐 𝑂𝑔
𝑊𝑔𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑡 = 𝑊𝑔𝑐
Fig. 3. Architecture of BPNN (Exploring Activation
Functions for Neural Networks, 2017)

𝑜𝑙𝑑

(5)
+ ∆𝑊𝑔𝑐

(6)

The same operations are used to calculate the change
amounts and new states of the weight values of the
connections from the input layer to the hidden layer.

The first values of connection weights on the network
are given in randomly. However, the random interval has
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∆𝑊𝑖𝑔 = −𝜇 𝛿𝑔 𝑂𝑖
𝑊𝑖𝑔𝑐𝑢𝑟𝑟𝑒𝑛𝑡 = 𝑊𝑖𝑔

𝑜𝑙𝑑

These numerical values in each layer are based on the
best results from the experiences at the time of the model
creation.

(7)
+ ∆𝑊𝑖𝑔

(8)

The calculation of the weight values is continued until
the error rate falls below the acceptable value. When the
error rate falls below acceptable value, the training can be
completed and the test can be passed.

2.2. Convolutional Artificial Neural Network
3D matrix is used as input to protect the spatial
relationship between pixels in the network. The number of
channels of the matrix is 1 because the images we use are
black and white. Since the width and height of the images
are divided into 28 pixels, the number of rows and columns
of the input matrix is 28. Therefore, the size of the input
matrix is 1x28x28. The network consists of 2 convolution
layers, each with its own weight and bias values. The
network has 10 nodes in the output layer. The architecture
of a CNN can be seen at Fig. 4.

Fig. 6. Second convolutional layer and the result
The Relu function shown in Eq. (9) is used as
activation function in network (Activation Functions:
Neural Networks, 2017).
0, 𝑥 < 0
𝑓(𝑥) = {
𝑥, 𝑥 ≥ 0

(9)

The softmax function is used to calculate the
probability that each test data belongs to all classes. As
shown in the Eq. (10), the softmax function finds the
possibility of belonging to each class which sum of 1 of a
data and returns the results as an array (Softmax function,
2017). At the equation, i means the number of the data
class, x means net value of weighted sum.
𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑥) = [∑𝑖

Fig. 4. Architecture of CNN

𝑒 𝑥1

𝑗=0 𝑒

A convolution layer consists of a set of filters derived
from weights and bias. Instead of fully connecting to all
input and output nodes, each node is locally connected to
a subset of input nodes that are localized to a smaller input
zone. Filters has been moved from left to right and from
top to bottom.
8 filters were applied in the first convolution layer. The
size of each one is 5x5 and the 2 steps are shifted over the
input matrix. At the end of the first convolution layer, an
intermediate result of 8x14x14 is created as seen in Fig. 5.

𝑥𝑗

,

𝑒 𝑥2
,…
∑𝑖𝑗=0 𝑒 𝑥𝑗

,

𝑒 𝑥𝑖
]
∑𝑖𝑗=0 𝑒 𝑥𝑗

(10)

The output layer has 10 nodes because the data to be
categorized is only numbers. Therefore, the matrix formed
as a result of the second convolution layer has 10
connections to each of the 10 output nodes separately.
3.

CONCLUSION

The equation shown in the Eq. (11) is used to calculate
the accuracy ratio in the study.
𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦
𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑡𝑒𝑠𝑡 𝑑𝑎𝑡𝑎
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙
𝑡𝑒𝑠𝑡 𝑑𝑎𝑡𝑎

𝑥 100

(11)

The MNIST data set, which has totally 70000 data, is
divided into different amounts for training and testing.
Table 2 shows the percentage value of accuracy rates of
the network for data in 5 different number of training and
test quantities.
Table 2. Experimental percentage value of accuracy rates
for different data numbers (TRN: number of train data,
TST: number of test data)

Fig. 5. First convolutional layer and the result

TRN
TST
CNN
BPNN

In the second convolution layer, 16 filters of 5x5 size
were shifted by 2 steps and applied to the outputs formed
as a result of the first convolution. As a result of the second
convolution layer, a result matrix of 16 results of 7x7 was
created as seen in Fig. 6.
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60000
10000
98.06
97.91

60500
9500
98.97
96.18

61000
9000
98.93
95.86

61500
8500
99.04
95.94

62000
8000
98.97
96.17
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As can be seen from Table 2, it was observed that the
increase of the training set did not contribute to the
network after a limit. This limit is 60000 training data
10000 test data for BPNN, and 61500 training data 8500
test data for CNN. As the number of training sets increased
during the experiments, it was observed that the training
period increased. It has been observed that CNN has been
trained in less time and achieved more accurate results
than BPNN for equal training data.
The results of the tests carried out for the change in the
connection weights to be updated for each step during the
training are shown in Fig. 7. As can be seen in Fig. 7, it
can be said that the amount of change of the network
should be taken as 0.1 in order to obtain the best results for
both networks. It was observed that CNN was trained in
less time than the BPNN for an equal number of changes
and that more successful results were achieved.

It was observed that best results of networks is
different for number of training data and number of
networks trained with the same data set, same for change
of weights during the study.
In all the tests performed in equal criteria, it was
concluded that CNN was more successful in terms of
learning time and success rate than BPNN. It can be said
that a well-designed CNN can be preferred for image
processing artificial intelligence problems.
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ABSTRACT
Pneumatic Artificial Muscles (PAM) are used in robotic applications due to their advantages such as high
force to weight ratio, soft and flexible structure. However, PAMs have some disadvantages because of the
inherent non-linearity in their structure and modeling difficulties. In this paper, an evaluation of Pneumatic
Artificial Muscle Models to be used for robotic applications is presented. The modeling approaches such as
empirical, static and phenomenological are analyzed in simulation and tests are performed on an
experimental setup. The results indicate that models are not generalizable and highly nonlinear. Hence, there
is still a strong requirement for simpler and the more conceptive models. To conclude, further modeling
studies would resolve this problem.
Keywords: Pneumatic Artificial Muscle (PAM), PAM Modeling, Robotic Applications
* Corresponding author

experimental setup for finding properties of each
one.

1. INTRODUCTION
A pneumatic artificial muscle (PAM) is an
actuator that mimics behavior of skeletal muscle
by contracting and generating force in a nonlinear
manner when pressurized. PAM was invented in
1950s firstly by Joseph L. McKibben and it was
used for used in artificial limbs (Tondu, Lopez). In
1980s it was redesigned by Bridgestone Company
and it was used for some applications to assist
disabled individuals (Daerden, Lefeber). PAM is a
radially inflated and axially contractionary shear
which produces high tensile forces along the
longitudinal axis. The most well-known feature of
PAM is the force, which is a function of pressure
and contraction (Wickramatunge, Leephakpreeda,
2009).
PAM is currently used different areas such as
robotic
and
rehabilitation
(Hall,2011).
Improvement of modeling and control will
increase the use of PAM.
Although PAMs have many advantages such as
high force to weight ratio, soft and flexible
structure, low cost and extreme safe for human use
they have many disadvantages like difficult
modeling and controlling. These difficulties
exhibit due to compressibility of the air, inherent
properties of visco-elastic material and geometric
structure
of
PAM
(Wickramatunge,
Leephakpreeda, 2009).
In this study different modeling approaches are
investigated. And then some tests are done in

2. MODELING APPROACHES OF PAMS
In modeling approaches of PAM, the aim is to
relate the pressure, and length change of the
pneumatic actuator along the entire axis. Variables
such as tensile force, actuator length, air pressure,
diameter and material properties play an important
role in modeling approaches and mathematical
models attempt to define the relationship between
these factors (Kelasıdı, Andrikopoulos, Manesis).
Modeling approaches are based on PAM’s static
and dynamic behavior.
2.1. Static Modeling Approach
When developing a static model of the muscle,
the basic approach is based on the energy model.
This approach is based on the relationship between
virtual work and loss-free energy conservation by
providing an association between actuator force,
pressure, and length (Jouppila).
The Chou and Hannaford model is the simplest
geometric model for the static performance of a
PAM. With this approach the PAM actuator is
modeled as a cylinder with length L, thread length
b, diameter D and the number of thread turns n as
shown in Fig. 1. angle is defined as the angle
between
longitudinal
axis
and
thread.
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MX O  PAM  B PAM X O  PAM  K PAM X O  PAM  FCE  L

(2)

Here X O  PAM refers to the PAM displacement, M
refers to the the mass of moving components,
BPAM refers tıo the damping coefficient, K PAM is
spring coefficient, FCE is contractile force factor,
and L is external load.
2.3. Empirical Modeling Approach
Wickramatunge and Leephakpreeda assumed
the PAM system as a mechanical spring system in
their study of empirical modeling of PAM.

Fig.1. Geometric model of PAM actuator (Chou,
Hannaford)

According to the Chou and Hannaford suggest
the force produced is expressed as:
F  p'





b2
3 cos2   1
4n 2

(1)

2.2. Dynamic Modeling Approach
Fig.3.Equivalent system diagram of pneumatic
muscle and spring system (Wickramatunge,
Leephakpreeda, 2009)

Dynamic
models
in
other
words
phenomenological models aim to capture the
dynamic behaviors of pneumatic muscles better
when compared to static behaviors focused on
geometric
models.
The
three
elements
phenomenological model used to describe PAM’s
dynamic is a parallel configuration of a spring
element, damping element and contractile element
and is shown below in Fig.2. (Serres, Reynolds,
Phillips,, Gerschutz, Repperger).

Both the PAM and mechanical system exhibit
similar behavior when pulling force is applied.
Based on experimental observations it has been
shown that the forces acting on the muscles and
the force acting on the mechanical spring system
can be modeled in the same way. The muscle
hardness parameter is determined as K and it is
accepted the function of working air pressure P
and stretched length Ls.

Felastic  K ( P, Ls ) * Ls

(3)

K  c3 p 2  c2 pLs  c1 L2s  c0

(4)

In Eq.4. K is considered to be a second-order
polynomial. The c parameters are fixed and can be
found from experimental data using least squares
estimation method.
It has been shown that the empirical model
developed in the present student provides an
effective definition for understanding the
mechanical behavior of PAM in design and use.
And the adaptation of both simulation results and
test results show the feasibility of the proposed
technique.
In this paper the static, dynamic, and empirical
models are evalauted using experimental data. The
results obtained indicates feasibilty of each model
for robotic applications.

Fig.2.The three elements phenomenological model
(Serres, Reynolds, Phillips, Repperger)
In this work done by Seres at al. assuming that
there is displacement on the y axis, the equation
for the phenomenological model is written as
follow:
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Fig.5. Simulink Control Blocks
3. EXPERIMENTAL SETUP & TEST BED
In the experimental setup, there are loadcells,
encoder(position sensor), pressure sensors, an
amplifier circuit, a data acquisition unit and fast
electro-pneumatic valves. Fig.4. shows the
experimental setup.

Fig.6. MATLAB GUI in desktop PC
Before modelling and data collection,
calibrations for each sensor were carried out. The
measurement functions are obtained by using
amplifier gains and calibration results for pressure,
force and position sensors. The ADC (Analog-toDigital Converter) on the DSP Controller has a 12bit resolution. The ADC input analog signal values
can range from 0 to 3.3V. In this case, the
numerical value of an analog signal between 03.3V can have a value of 0-4095. The sensor
calibrations were repeated two times, and accuracy
was confirmed for measurement errors. The
measurement functions are given in table 1.

Fig.4. Experimental setup
Sensors and actuators used in the setup is
controlled by a desktop PC using Matlab package
with “Texas Instruments Code Composer Studio”
software package running on Data Acquisition and
DSP Controller unit. In addition, a real-time data
exchange is possible. The software is prepared in
the MATLAB SIMULINK package and is
converted to “Code Composer Studio” using
various conversion libraries given in Fig.5. After
that, the C software is compiled with necessary
edit and loaded on the “ezDSP F2812” module.
While the control and data acquisition software are
running on the DSP processor, real-time data can
be collected using the RTDX function. By means
of MATLAB GUI prepared in Fig. 6, the user can
perform real-time data exchange while performing
control functions.

Table 1. Sensor and amplifier measurement
characteristics

Name

Inout(w)
Range

Loadcell

0-100 kg

Encoder
(Position
Sensor)
Pressure
Sensor

25-155
deg
0-100 psi

Sensor
Out(x)
mV
x=4,1528w
+0,53
x=13,164w
+1067
x=2,839w0,86

Amplifier
Out(y) mV
y=111x1,153

y=0,5892x
y=7,239x3,73

4.RESULTS
In order to perform analysis of PAM ,
experiments are carried out in test bed by applying
different gravitational force loads to setup arm.The
loads range from 3,5 to 70 kgs. Data sets are
obtained while the controlled varying pressure is
applied to PAM, that yields a full trajectory motion
of the arm. The pressure, force and position are
recorded along the full motion for each load. An
example of force vs pressure variation graph is
given in Fig.7., for gravitational loads Fl1=21.6 Kg,
Fl2=36.7 Kg and Fl3=58.3 Kg.
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In Fig.8., when different loads are applied to
the test bed, the net muscle length contraction and
elongation plots are given while the controlled
varying pressure is applied to PAM. The plot is ,
produced during full trajectory motion. This
feature is very similar to human muscle
characteristics and indicating “Phenomenological
Model” is more suitable for PAM type actuator.
When the graphs are examined the trajectory
shapes are similar for different loads. Despite
different loads applied to the system, the
trajectories are complete without deterioration of
quality. However, hysteresis is also observed when
the trajectory is executed. Even though the
characteristic functions are linear in a significant
part of the motion, the hysteresis at the ends makes
the behavior of the system structure non-linear
which makes it difficult to be used in robotic
applications.

Fig.7.Force vs Pressure performance with different
loads.
When the different loads are applied to test arm
with same pressure variation, as the contraction of
pneumatic muscles varies wrt loads, eventual
motion results in different trajectories.
Thus input (pressure) and output (force)
functions of the PAM were obtained. In this way,
the characteristic plots is obtained in a simpler and
more understandable way than the plots given in
terms of triple parameters in the literature (forcemotion relation according to constant pressure
lines). When the data is evaulated, it is seen that
the motion trajectory of the low weighted load is
completed within the pressure range of 0-60 psi,
while the high weighted load is completed in the
wider 0-90 psi pressure range. During the
movement, the applied load force is constant.

5. CONCLUSION
It has been observed in the experiments that the
same PAM generally completes successfully the
desired trajectories for quite varying loads. This
indicates applicability of PAM as robotic actuators
as well as its great compliance. However, when
trajectory tests are carried out, excessive hysteresis
is observed. This feature makes the behavior of the
system structure non-linear, even if the
characteristic functions are linear in a significant
part of the motion.
In conclusion, according to the experimental
results
and
the
analyzed
models,
“Phenomenological” models are deduced to be
more suitable for robotic applications .
For future works, a simpler model is needed for
effective use of PAM in robotic application.
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ABSTRACT
Renewable energy is seen as an important resource in meeting the energy demand in the world. There is a
need for long-term energy planning and management for the use, development and diversification of energy
sources that have a presumption in terms of the development and future of our country. In this study, a hybrid
wind-solar power generation system was installed in the summer house located in Anamur District, which
supplies necessary electricity energy to electrical household appliances. For this, a 5000 watts three phase
permanent magnet synchronous generator wind power generation system was used to generate electricity
from the wind. Solar power generation system consisting of five monocristal solar panels with 300 watts
power capacity has been used to obtain electricity from sunlight. By combining these two systems, a 6500
watts wind-solar hybrid power generation system has been achieved. At the same time, cycle battery packs
were used to provide the renewable energy system with the continuity of the energy when the consumption of
excess electrical energy was not stored or produced. Simulation of the battery-powered wind-solar hybrid
power generation system has been performed using Sim Power Systems in Matlab, with block diagrams of
the system components that make up the hybrid power generation system. Switched controller and fuzzy
logic controller are designed and energy flow control is provided. The battery group automatically enters and
exits the circuit depending on the behavior of the system. Thus, the life of the battery is prevented from
decreasing.
Keywords: Renewable Energy, Hybrid Wind-Solar System, Energy Flow Control
* Corresponding author

stormy periods (Zile, 2011). Since there are no
moving parts in photovoltaic systems, maintenance
costs and failures are seen at least in this system.
Since wind energy and hydroelectric power
generation are made through moving parts,
frequent failures occur in moving parts, which
increases operating cost and reduces life span (Zile,
2013). The productivity of solar cells is increasing
day by day, and as a result of the decrease in price,
solar cell sales have regularly increased. The costs
of initial installation of wind and solar electricity
generating systems are quite high nowadays (Zile,
2013). For this reason, before such systems are
installed, it is necessary to determine the system
with a minimum cost that the system is likely to
meet the probability of loss of the allowable loss.
It is possible to distinguish between two classes as
hybrid systems mainly network-based systems and
network-independent systems. Preparing a hybrid
system is a much harder task than a system
dependent on a single energy source. Because the
state of the sun and the wind, electricity generation,
the storage of electricity produced and the state of
the burden are very complicated (Zile, 2016). The
size of the wind turbine, the angle of the solar

1. INTRODUCTION
Due to the depletion of fossil fuels, all work on
renewable energy sources is very popular today.
Hybrid systems arise from the combined use of
energy sources that are not the basic thought
continuity (Zile, 2004). As is known, the biggest
problem in renewable energy sources is the lack of
continuity. Therefore, hybrid systems are seen as
the main solution in order to ensure continuity in
the use of renewable energy sources (Zile, 2005).
The most common uses of renewable energy
sources are wind and solar energy. Modeling and
analysis of wind speed and solar radiation intensity
data is very important in terms of design, operation
and reliability of systems that generate electricity
from wind and solar energy (Zile, 2008). No
renewable energy source alone is always in the
best condition to work alone on all conditions.
Hybrid systems are needed to get rid of this
problem. Hybrid systems usually perform best
throughout the year. While PV solar energy
systems provide the highest performance in dry
and long sunny summer days, wind energy and
hydroelectric energy give the best performance in
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panels and the capacity of the pylons should be
calculated in the most appropriate way. The two
important criteria to consider when making this
calculation are the reliability of the generated
power, namely the continuity and cost (Zile, 2018).

sunshine per year is 2950 (hours/year). Annual
wind speed average value (km/hour) measured in
Anamur District is 29 km/hour. The temperature
(oC) measured in Anamur District during the year
is shown in Figure 2.

2. RESEARCH METHOD
Modeling of battery-powered wind-solar
hybrid power generation system components,
energy flow control with the switched controller
and fuzzy logic controller of the modeled system
has been realized. Hybrid power generation
systems are power generation systems in which
two or more classical and renewable power
generation systems are connected in parallel to one
another. Hybrid power generation systems are one
of the best ways to meet the electricity needs of
remote small networks and small settlements from
power generation and distribution centers. The
most common is the wind-solar hybrid power
generation system. The battery-powered windsolar hybrid power generation system was installed.
The established hybrid power generation system
consists of a 5000 watt wind turbine, a 300 watt 3
solar panel, a battery group, a 1500 watt hybrid
charge control unit that allows these units to
operate in harmony, and a 6,5 kW full sine wave
inverter for alternating current consumers. In
addition, the data of the energy produced in the
hybrid power generation system can be monitored
over the charge control unit at intervals of 10
minutes and recorded as data file by following the
interface program and computer. Dynamic
modeling was performed using Sim Power
Systems, which is included in the Matlab/Simulink
program, in accordance with the actual behavior of
the hybrid power generation system. The output
voltage of the power generation system is
regulated at DC 24 volts with AC-DC and DC-DC
power converters. A hybrid power generation
system was established by parallel connection
including battery group connected to DC bar.

Fig. 1. Measurement station location

Fig. 2. Temperature (oC) in Anamur District during
the year
The maximum temperature measured is 43 oC.
The amount of solar radition (kwh/m2) measured
in Anamur District during the year is shown in
Figure 3.

3. DETERMINATION OF WIND SPEED AND
SOLAR RADIATION POTENTIAL IN
ANAMUR DISTRICT
The wind and solar energy hybrid power
generating station location is shown in Figure 1.
The station where the wind and sun data is taken is
located in Anamur District with a bird's eye view
10 km and a way distance of 16 km in the north
upper region. The measurement station is located
at 36.160996 latitude and 32.804022 longitude.
According to the measurements made, the total
amount of solar energy measured in Anamur
District is 800 (kWh/m2). The average amount of
solar energy is 525 (kWh/m2). The duration of

Fig. 3. The amount of solar radition (kwh/m2) in
Anamur District during the year
The wind speed values (km/hour) measured in
Anamur District during the year is shown in Figure
4. Established measurement station, solar
radiation, wind speed and direction data were
obtained for 12 months between June 2017 and
June 2018.
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Fig. 4. The wind speed values (km/hour) measured
in Anamur District during the year
Criteria such as the high area to be measured
and the absence of high obstacles nearer than 10
times the height of the obstacle have been
evaluated when the measurement station is
selected. In the determination of the equipment to
be used in the measurement of the sun/wind, the
"Communiqué Related to Wind and Solar
Measurements", which was published by the
Official Gazette dated 11/10/2002 and numbered
24903, was taken into consideration. The
positioning of sun/wind measurement stations and
wind turbines is crucial for obtaining accurate
measurements and for efficient energy production.
The project planning and economics of the
sun/wind power plant depends mainly on the
amount of energy that can be generated from the
selected plant site. For this reason, the appropriate
spot sun/wind observation station should be
established considering the tomographic structure
of the land. The area where the station will be
installed should be selected in areas where there is
no obstacle to influence the dominant wind
direction. Otherwise, the wind speed may be too
far away from the true value due to turbulences.
Measurements such as wind speed and wind
direction made in accordance with the standards
with measuring instruments placed on the station
measurement pole will be used to evaluate the data
that are later stages of the sun/wind power plant
project, to determine the amount of energy
production and to select the wind turbine. In
particular, sensitivity to wind speed and direction
for energy purposes is required to be high. The
sun/wind energy potential of a zone. The wind
speed is proportional to the cuboid. The
measurement error, which can be made in wind
speed measurements, is very influential on the
accuracy of determining the wind energy potential.
The sun/wind measurement data should be
continuous, intermittent and incomplete as much
as possible. The missing data in the measurement
series can be up to 10% of the total data. The
losses above this ratio do not allow a sensitive
evaluation. So, the measurement values obtained
should be canceled. Since station measurement
equipment operates under completely natural
atmospheric conditions have a shorter economic
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life than other equipment operating in closed areas.
Due to factors such as rusting, corrosion,
corrosion, abrasion and icing, wind measurement
values of wind equipments are normally removed
rapidly. Because of this, wind measurement
equipment and recording systems and electrical
circuits must be frequently checked, maintained
and calibrated, absolutely in accordance with the
standards and in the technical manuals of the
instruments.
4. HYBRID POWER GENERATING SYSTEM
AND ENERGY FLOW CONTROL
The hybrid power plant, in which wind and
solar energy are used jointly, was designed and
applied. The block diagram of the applied system
is given in Figure 5.

Fig. 5. Block diagram of the designed and control
panel applied hybrid energy system
In the Anamur District, a 6,5 kW wind-solar
hybrid power generation system with battery
support was installed to feed dwellers. The realtime work to be done on the installed system
carries great risks. Therefore, block diagrams of
the system components have been created using
Sim-Power-Systems in the Matlab/Simulink
program. Simulink graphical design, simulation
and analysis of dynamic systems has been realized
with the Matlab program. This program supports
either linear or nonlinear systems, including digital
or both point signals. Easy to use, it is a worldwide
accepted program for reasons such as testing the
accuracy of the designed projects before they are
put into practice, supporting the experimental
results to be done. These block diagrams are
combined to create an individual simulation model
of the installed system. In addition, in order to
increase the system efficiency, modeling is done
by designing the system with energy flow control,
switched controller and fuzzy logic controller. The
wind energy system module is given in Figure 6.
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The solar energy system module is given in Figure
7. The voltage obtained from the wind system is
also irregular. This can be shown as the greatest
factor of the wind's constant speed. The AC
voltage generated in the wind system is converted
to DC voltage by an AC/DC converter. DC/DC
converters are then used to reduce or increase the
voltage according to the load requirements or the
tension from the solar system. In addition, as DC is
more advantageous to collect and transmit signals,
both DC and DC signals are converted to DC
signals in the wind system.

controlled by fuzzy. Membership functions have
been determined primarily. Once we have defined
entry membership functions, we can get the
outputs we want by describing how the controller
should work with 'and, or not' commands. In this
study, the desired results were obtained by using 5
rules. These rules can be increased if desired. But
too many rules slow down the controller speed.
The fuzzy logic rule table is shown in Table 3. The
fuzzy logic software for solar/wind hybrid energy
applications is given in Figure 8.
Table 3. The fuzzy logic rule table




Fig. 6. The wind power generation system
simulation block diagram






Fig. 7. Solar power generation system simulation
block diagram
The PV used in the system does not stay
constant because of the electrical energy generated
by the changing weather conditions, the system
may overheat over time. Therefore, it is first
necessary to rectify the energy obtained from the
solar system with the help of a regulator. Some of
this rectified voltage is stored with a battery to
meet the night energy need, if possible, if the
power of the solar system can not meet the load
requirement. The output voltage from the regulator
is pulled to the desired level with the DC / DC
converter. Thus, it is possible to adjust the voltage
according to the need and the energy from the
wind system. The generated DC signals are
collected by means of a bar and given DC/AC
invert to alternate current. The alternating voltage
from the inverter is set via a busbar after it is set by
the transformer. The fuzzy logic controller design
is designed with 3 inputs and 5 outputs. The inputs
are battery capacity, load power and hybrid power.
These values are taken and applied to fuzzy inputs.
Input values are processed according to the written
rule base, outputs are determined, and keys are
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If PL is L and PP is H then S1 is off and S2 is off
and S3 is off and S4 is on and S5 is off else
If PN is NA and PL is H and PP is L then S1 is off
and S2 is off and S3 is off and S4 is on and S5 is on
else
If PN is A and PL is H and PP is L then S1 is off
and S2 is on and S3 is on and S4 is on and S5 is off
else
If PP is NA and PL is H and PS is L then S1 is on
and S2 is on and S3 is on and S4 is off and S5 is on
else
If PP is NA and PL is L and PS is H then S1 is on
and S2 is off and S3 is off and S4 is off and S5 is on
…………………

Fig. 8. The fuzzy logic software for solar/wind
hybrid energy applications

5. CONCLUSION
It was determined that Anamur District is
suitable for solar/wind hybrid energy applications
in terms of solar radiation and wind potential as a
result of efforts to determine solar and wind energy
potential. In Anamur District, the values to be
obtained in wind and solar electricity production
are examined. The measuring station is set up. At
the measuring station, solar radiation intensity
measurements were made at wind speeds of 5, 10
and 15 meters. With these measurements, firstly
the potential determination work has been done. It
is reached that it is a suitable zone for producing
wind/solar hybrid energy. The Anamur District of
Mersin proved to be in a very advantageous
position in terms of wind and solar energy
potential. It is understood that solar and wind
potential measurements are higher than solar ray
and wind speed measurements made. It has been
observed that even in winter the battery-powered
solar-hybrid power generation system, which has
been installed, can operate lamps and electric
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appliances in the room. Currently, small power
generator systems are installed to minimize the
effects of power failures. Thanks to this system, it
has been determined that the interior lighting needs
can be achieved by hybrid power generation
systems, at least when there is a power failure in
the mountain houses where the electricity lines do
not reach and in the dwelling houses. Experiments
on real systems have great risks for both system
components and human life. Thus, an individual
model of the battery-powered wind-solar hybrid
power generation system that has been installed is
done in the MatLab program. When the curves
obtained from the simulation results of the
modeling operation of the hybrid power generation
system are taken into consideration, it is seen that
there is not a great difference in the electrical and
mechanical magnitudes parallel to the dynamic
behavior of the hybrid power generation system
installed. Generally generated power is sent
directly to the battery group and the receivers are
fed through the battery group in a hydropower
hybrid power generation system. In this system,
the power required by the receiver is supplied
directly to the receiver and supplied to the
receiver. If there is more power to produce, the
battery is stored in the battery according to the
occupancy rate of the battery. In this system,
design of switching controller and fuzzy logic
controller is done. The controllers designed for
energy flow control seem to work very well. The
battery group enters and exits the circuit depending
on the behavior of the system. Thus, the life of the
battery is prevented from decreasing. In fuzzy
logic controller, desired control can be obtained by
several rules. Therefore, it is found that it is more
convenient than the switching control in terms of
usage. My future work is to create different hybrid
systems by adding additional power generation
systems to the solar radiation and wind speed
hybrid power generation system.
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ABSTRACT
The positioning errors occur because of disturbances based on Ionosphere and Troposphere, satellite clock
errors, signal phase slip, signal multipath in GNSS receivers. Minimizing these errors is essential in
applications such as navigation of land, air, sea vehicles, finding target, agriculture, geodesic measurements,
vehicle tracking systems, and search rescue requiring high positioning precision. In this study, the high
precision positioning system with low cost receivers has been designed and tested. In the system, two low
cost GNSS receivers alongside two single board computers with a capability of real time is used. The whole
system costs 1.200 TL and this - amount is quite low when compared to prices of commercial counterparts.
In addition, the system can also provide position as precise as these commercial products. The designed
system uses Real Time Kinematic (RTK) positioning technique. RTK positioning uses a technique based on
the phase observations of GNSS signals. One of GNSS receiver (Reference) is placed to a fixed point
precisely known beforehand. This GNSS receiver in the fixed position calculates signal delay and position
corrections by using its own pre-known position and satellites’ positions. These calculated position
corrections are sent to rover GNSS receiver wirelessly. The rover GNSS receiver can specify the own
position sensitively by using these position corrections. The precision of the position of the stationary rover
GNSS receiver is obtained approximately 1.5 cm.
Keywords: GNSS, Positioning Errors, High Precision Positioning, Low-Cost Receiver, RTK

1. INTRODUCTION
Human being has taken considerable steps in
positioning on Earth with launching of the first
artificial satellite. First Global Positioning System
among the developed satellite network systems is
GPS (Jeffref, 2010). GPS is a satellite network
system transmitting regularly coded data,
providing identification of position, velocity and
direction of any place on Earth. In addition to GPS
system developed by USA (United States),
GLONASS, Galileo, and Compass developed by
Russia, European Union, and China respectively.
All of these developed satellite network systems
are called Global Navigation Satellite System
(GNSS). The signals transmitted by GNSS
satellites are received by GNSS receivers. Position
is specified as using message contents of signal
reaching to GNSS receiver. Errors occur in
positioning because of signal disturbances based
on Ionosphere and Troposphere, satellite clock
errors, phase slip, signal multipath (Tiryakioğlu et
al., 2005). Minimizing these errors is essential in
applications such as navigation of land, air, sea
vehicles, finding target, agriculture, geodesic
measurements, vehicle tracking systems and search
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rescue which requiring high precision in
positioning (Alberta, 2015).
The developments in GNSS technology have
expanded usage areas and possibilities of satellite
positioning systems, particularly with new
computing and modeling techniques.
In this study, the high precision position with
embedded system design was implemented using
low-cost, single frequency GNSS receivers. The
precision of position of stationary rover GNSS
receiver is obtained approximately 1.5 cm.
2. METHOD
2.1. RTK Positioning Technique
In this work, RTK (Real Time Kinematic)
positioning technique is used, because it can
allows positioning in the centimeter range. In the
RTK positioning technique, A GNSS receiver is
placed at a pre-known reference point. The latitude,
longitude and altitude of GNSS receiver placed as
a reference was measured as 41.45065052 deg/m,
31.76091621 deg/m, 98.055 m respectively. The
reference GNSS receiver calculates distance to
GNSS satellites by multiplying duration of signal
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sent by GNSS satellite and speed of light. This
calculated distance includes positioning errors. The
reference GNSS receiver calculates the actual
distance to GNSS satellites using its pre-known
and fixed position and position of satellites. The
difference between the distance containing
positioning errors and the actual distance forms the
correction parameters. The reference GNSS
receiver computing the correction parameters
sends the correction data to rover GNSS receiver
over internet or wirelessly. The phase of signal
sent from GNSS satellite, phase of signal received
by GNSS receiver and the total number of full
wavelengths of the signal coming from satellite to
receiver are unknown. This phenomena is known
as integer ambiguity (Mekik et al., 1998). The
rover GNSS receiver specify the own position
sensitively as using position correction parameters
and algorithms finding the integer ambiquity
resolution. Figure 1 shows RTK positioning
technique (Alberta, 2015).

3. MATERIAL
The embedded system is designed running on real
time and using RTK positioning technique (Belge,
2018). Figure 2 shows the block diagram of the
designed system.

Fig 2. The Block Diagram of the Designed System
3.1. Raspberry Pi 3 Model B
In this study, Raspberry Pi 3 Model B single
board computer was preferred because of the speed
of the processor being suitable for real time
applications, open source operating system and
low-cost (Raspberry Pi Model B, 2018). Table 1
shows general properties of Raspberry Pi 3 Model
B.
Table 1. The General Properties of Raspberry Pi
Model B
Processor
Operating System
Sizes
Power
Memory

Fig 1. RTK Positioning Technique
2.2. RTKLIB
RTKLIB is an open-source library for standard
and precise positioning with GNSS (RTKLIB
Manual, 2018). In this work, the RTKLIB library
was chosen to support RTK positioning in real
time and to be easily compiled on Linux operating
systems. RTKLIB library includes CUI and GUI
applications (RTKLIB Github, 2018). RTKLIB’s
CUI applications can compile on Linux operating
system. RTKLIB’s GUI applications can run in
Windows operating system. STRSVR and
RTKRCV CUIs were used in the study. STSVR is
used to send correction data from the reference
GNSS receiver to rover GNSS receiver. RTKRCV
allows the rover GNSS receiver to determine the
own position using correction data with RTK
positioning technique.
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1.2 GHz Quad-Core
ARM Cortex
Linux
85x56x17 (mm)
5V1, 2.5 A
1 GB

3.2. Neo M8T GNSS Receiver
In this contribution, Neo M8T GNSS receiver
was preferred, because the high accuracy
information can be obtained, it has precise timing
and low power consumption, it can receive signals
from BeiDou, GLONASS, Galileo satellites, the
raw data can be received (Ublox, 2018). Two Neo
M8T GNSS receiver cards were designed in this
work. The one of the designed Neo M8T GNSS
receiver card is shown in Figure 3.
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shows the ground plane variation of the rover Neo
M8T GNSS receiver.

Fig 3. The Designed Neo M8T Receiver PCB Card
3.3. GNSS Antenna

Fig 4. The Ground Plane Variation of the Rover
GNSS Receiver

The GNSS antenna is used to collect signals
coming from GNSS satellites. GNSS antenna used
in this study is an active antenna and its gain is 33
dBm at vicinity of the L1 band frequency which
has a center frequency at 1575.42 MHz with a
15.345 MHz bandwidth.

The position variation is divided equally and each
square is shown with a scale of 5 mm in Figure 4.
The maximum position change was obtained as
about 3 unit square which means 1.5 cm.

3.4. APC220 Module

Figure 5 shows the location change of the
stationary Neo M8T receiver with respect to time
in east-west, north-south, and up-down directions,
respectively.

APC220 is a versatile wireless communication
module that can be easily added to any project
requiring a wireless RF connection and can be
easily set (APC220, 2018). In our operation, the
APC220 wireless communication module is used
to send correction data from the reference GNSS
receiver to the rover GNSS receiver. The baud
rates of the APC220 wireless communication
module were set to upper limit which is 19200 bps.
Table 2 shows the general properties of APC220
module.
Table 2. The General Properties of APC220
Module
Operating Frequency
Power
Current
Operating Heat
Distance
Baud Rate
Baud Rate (Air)
Size
Weight

431-478 MHZ
3.3-3.5
25-30 (mA)
-200 ile +700
1200 m
1200-19200 bps
1200-19200 bps
37mm x 17mm x 6.6
mm
30 g

Fig 5. The Position Change of Stationary Neo
M8T
Figure 6 shows the velocity change of the
stationary Neo M8T receiver with respect to time
in east-west, north-south, and up-down directions,
respectively.

4. RESULTS
The stationary rover GNSS receiver was used
to take measurements approximately 105 seconds
using the RTK positioning technique. Figure 4
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the north-south direction and between -0.5 and 0.5
m/s2 in the up-down direction as can be seen in
Figure 7.
Figure 8 shows the position changes of the
stationary Neo M8T in Google Earth application.

Fig 6. The Velocity Change of Stationary Neo
M8T
The velocity change intervals are approximately
between -0.02 and 0.02 m/s in the east-west
direction, between -0.05 and 0.05 m/s in the northsouth direction and between -0.1 and 0.1 m/s in the
up-down direction as can be seen in Figure 6.
Figure 7 shows the acceleration change of the
stationary Neo M8T receiver with respect to time
in east-west, north-south, and up-down directions,
respectively.

Fig 8. The Position Change of Stationary Neo
M8T
In the Figure 8, while the case where the integer
ambiguity is resolved is indicated by green, the
case where the integer ambiguity isn’t resolved is
indicated by yellow.
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ABSTRACT
Contact-less power transfer(CPT) is divided basically into four methods. Inductively coupled power
transfer(ICPT) is the well known technology for Electric Vehicles(EVs) charging . However it is hard to estimate
the parameters of the coil and to set the resonance frequency, it has been developed to obtain high efficiency
with large air gap . Mainly, to have a good magnetic coupling and to develop compact design are the two
conditions have to be fulfilled for better power transfer. To increase the transferred power with large air gap
ICPT system have to be tuned at the track frequency. This paper reviewed the resonant topologies, equivalent
circuit analysis and design criteria of the ICPT system. The availabilities of Static charges scenarios are the
advances of the ICPT. In addition This paper focuses on the design criteria and simulating with mathematical
model of Series-Series(SS), Series-Parallel(SP), Parallel-Series(PS) and Parallel-Parallel(PP) Compansated
topologies of the ICPT system which are used most common. The EV charging with ICPT method needs
maximum alignment primary and secondary coils to have efficient power transfer due to driver mistake while
parking mistake to correct position. Basic compensating topology Series-Series(SS) offers efficient power
transfer over large air gap with high misalignment toleration. The SS compensation model was experimentally
tested and the results compared with the simulation. The future recommendations of EVs charging also has been
given with this study.
Keywords: Contact-less Power Transfer(CPT), Inductively coupled power transfer(ICPT), Wireless power
transfer(WPT), Electric Vehicles(EV), Wireless battery charge
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ABSTRACT
It is introduced in this paper that the studies are carried out to ensure that 6 Ampere-hour(Ah) capacity (Lithium-Ion)
battery cell developed by TÜBİTAK Energy Institute can be used in portable devices. Thanks to electronic modules
being developed in accordance with chemical characteristics of battery cell, instantaneous battery voltage and the amount
of current drawn can be measured. The instantaneous state of the battery will be learned by communicating with the
HDQ16 interface through the chip using a microcontroller. By measuring the temperature of the battery with the help of
the temperature sensor employed, it is tried to determine in advance the security problems that may occur. The
parameters of the battery are written to an external EEPROM so that the measuring electronic circuit can perform
accurate calculations. At the end of this work, it is aimed to reduce dependency on imported portable device battery and
to obtain a battery product family that can be used in civil and military applications at least with same level of quality of
imported products.
Keywords: Lithium-Ion Batteries, HDQ and UART, Battery Watch, Battery Control
* Onur Demirgöz

1. INTRODUCTION
Batteries with a chemical structure other than lithiumion batteries are also being developed. Examples are Lead
-Acid, Sodium-Sulphur, Metal -Air and Flow batteries [4].
Our country is dependent on abroad for Li-Ion
batteries. Studies are being carried out within TÜBİTAK
for the reliance of this dependency. Work on the chemical
design of the batteries are carried out in dependence on the
studies of the development of the control electronics of the
batteries. Thanks to the study presented in this report, the
instantaneous charge status, remaining capacity, fullness
rate and temperature parameters of the national battery
developed in TÜBİTAK Energy Institute are measured in
accordance with the chemical characteristics of the battery.
At this point, the product to be obtained will be used as a
portable device in future projects in domestic projects, and
the external dependency on the power requirement will be
reduced.

As devices become smaller and more portable, battery
capacity, durability, security and predictability of residual
charge have begun to gain importance. On the other hand,
battery management systems are as important as these
concepts. Because unnecessary current draw on the battery
means that the battery life is also shortened unnecessarily.
The lithium ion battery is quite common when viewed
from
these
directions.
The reasons for using lithium ion batteries include
high energy retention and low levels of CO2 gas emissions
in portable devices such as phones and laptops. The
production of electric vehicles has also been on the agenda
and the energy demand has increased even more recently
[1]. Hybrid electric vehicles and battery-powered electric
vehicles are becoming increasingly involved in the
development of fuel economy in transportation and in the
reduction of emission of harmful gases [2].
John B. Goodenough played a pioneering role in the
commercialization of Li-ion batteries, which are widely
used today. However, due to the increasing performance
requirements of current devices, better than existing
batteries are needed. Much work is being done around the
world to meet these needs, including John B. Goodenough
and his colleagues. In their current work, J. Goodenough
claims that they prolong battery life in the new cells they
use and reach higher charge and discharge ratios, and they
think that existing batteries solve their problems such as
life cycle, price, safety, energy density [3].

2. NATIONAL BATTERY STRUCTURE AND
PROPERTIES
National battery has high-power feature and is
developed by TUBITAK. The chemical design of the
battery was made using graphite in the anode part and
lithium, nickel, manganese, cobalt oxide in the cathode
part. Battery electrolysis was prepared by dissolving
lithium hexafluorophosphate salt, ethylene carbonate in
diethyl carbonate solution. Polypropylene was used as a
separator. In Figure 1, a voltage charge-discharge time
plot is shown for testing the stability of the battery.
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ensure compatibility with HDQ interface. In other words,
each packet-data is composed of 11 bits in total. The
BQ2060 receives 8 bytes of data from the microcontroller
as a command. The time required to send 1 bit is 1 / baud
rate, i.e. 17,361 us. The time to send each 11-bit character
is 190,972 us.
The microcontroller, circuit breaker, BQ2060
integrated circuit, components and charge circuit used in
the measurement, shown in Figure 2, are designed as an
electronic card that can be placed on the battery.
When using a 3V DC-DC converter, low power
consumption is the most important choice. The resulting
voltage is the supply voltage of the microcontroller. The
circuit element used is an integrator called LTC3104.
The BQ2060 integrated circuit and charge measuring
circuit shown in the block diagram have suitable circuit
elements and a temperature sensor for proper operation of
the chip. The values read from the sensor are controlled by
the microcontroller at certain intervals. The circuit is
designed to provide multiple communications support to
enable future expandability. When designing a battery
readout card, it has been noted that the components on it
have low power consumption.
The software of the microcontroller is designed to
collect the remaining capacity, instantaneous current,
instantaneous voltage and temperature information for a
period of three seconds. This period has been determined
to be the most appropriate time after tests with focus on
battery safety, power saving and up-to-date information.
The designed electronic card can also be used as a general
purpose monitoring card thanks to the communication
support with I2C, SPI and UART, if requested by different
software version at the same time.
In this work, a convenient card that can be mounted on
the battery and can be applied to the new battery, which
can monitor the battery temperature, instantaneous current,
instantaneous voltage and remaining capacity with the
help of low power consumption microcontroller and other
components, is designed.

Fig 1. Battery Charge Discharge Time Graph
National battery, charge and discharge processes
between 3V and 4.2V are applied. When the battery
voltage is above 4.2V, the battery warms up and swells.
When it is used below 3V, the battery behaves unsteadily.
Because it is a high power battery, it has 140Wh / kg
specific energy and the nominal voltage is 3.6V. This
battery can be packed by TUBITAK with various form
factors in accordance with the mechanical design of the
device to be used.

3. BATTERY CONTROL
BLOCK DIAGRAM

ELECTRONIC

In the context of the battery control electronics, the
block structure in Figure 2 is designed to measure the
available data on the battery and keep the battery available
to use.

4. CONCLUSION
In this study, control electronics are developed to
investigate the characteristics of battery cells developed in
TÜBİTAK and to enable them to be used in mobile
devices. The first results obtained with the developed
electronic circuits and the comparison of these results with
the foreign counterparts have shown that it will be
possible in the near future to obtain a national battery
which can be used especially in portable devices
developed for the defense industry of our country. In the
course of the work, necessary activities will be carried out
to change the control electronics into commercial product.
In the future, in the battery control logic, it is also planned
to make additions that can account for the parameters of
the behavior characteristics of the platform in which the
battery is used instead of just an approach based on the
battery itself.

Fig 2. Battery Control Electronic Block Diagram
While the circuit structure in Figure 2 is designed, the
charging circuit required to charge the battery is also
designed. The voltage range in which the battery is
available is given in Figure 1 and the cut-off circuit is
designed as the battery becomes unstable at voltages
below 3 V. The voltage is delivered to the microcontroller
BQ2060 and STM32 via this cut-off circuit. The BQ2060
integrates the battery current, voltage and temperature to
the STM32 via the HDQ16 connector. One problem that
must be solved in this stage is ensuring that the HDQ
interface communicating over a single line is synchronized
with the UART communicating over two lines [5]. This
problem is solved by connecting the UART output (Tx) to
the UART input terminal (Rx) via two inverters and from
there to HDQ terminal of BQ2060 integrated circuit. The
UART is operated with 57600 baudrate (bit / s) bit rate, 1
start bit, 8 data bits, no parity bit and 2 stop bit settings to
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ABSTRACT
Recent advances in the development of robotic and automated industrial and automotive systems have resulted in a novel
operating environment for such systems’ human operators where the reduction in operator’s cognitive load can result in
the operator’s losing focus during associated control tasks and failing to respond to emergencies. The outcome of that can
be the increase in incidents and accidents related to such control tasks. In this work, we develop a system for operator
attention state monitoring using a portable EEG-based Brain-Computer Interface. This system can automatically identify
operator’s attention state based on the signature patterns of different mental states in the operator’s
electroencephalographic brain activity data and produce alerts or otherwise intervene when loss of focus or attentiveness
is detected. We test that system experimentally in the settings of a simulated low-intensity control task and demonstrate
its ability to detect operators’ attention states with high degree of accuracy. Our system can be used in future
development of operator state monitoring systems for automated industrial processes and autonomous vehicle control.

Keywords: Attention State Detection; Drowsiness Detection; Control Task; Electroencephalography-Based
Brain Computer Interface; Support Vector Machine
* Murat Kaya
1. INTRODUCTION
One of important problems faced in
engineering today is that of ensuring the
attentiveness of the operators of various automated
and autonomous processes and systems during
associated control tasks. Rapid developments in
automation and robotics have led to dramatic
changes in the way modern operators interact with
system during control tasks. In many cases, such
as the control of automated industrial processes or
autonomous vehicles, the control tasks comprise
predominantly passive engagement on the part of
the operator during system’s normal operation.
The resulting low cognitive demand of such
control tasks can lead to the operators losing
attention or experiencing sleepiness and other
cognitive conditions that can result in the loss of
ability to properly react to emergency situations.
Whereas the operators’ ability to rapidly respond
in an emergency is often a critical component of
the safe operations of many systems and
machinery, the increasingly automated nature of
the respective control tasks can put a significant
strain on modern operators’ ability to remain
focused and provide necessary safety assurances.
The problem of detection of an operator’s loss
of attention and drowsiness has attracted
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substantial attention in the literature in the past,
most typically in the context of car driving
(Deshmukh et al. 2012; Hsieh et al. 2006; Li et al.
2011). Various studies had suggested that the
driver fatigue is a significant factor in a large
number of car accidents, with as much as 20% of
all car accidents attributed to such factors
(Hashemi, Saba, and Resalat 2014; Mardi,
Ashtiani, and Mikaili 2011; Saini and Saini n.d.;
Wang et al. 2014). Recent estimates assign as
much as 1,200 deaths and 76,000 injuries annually
in the US to the fatigue related car crashes
(Hashemi et al. 2014; Mardi et al. 2011). These
facts can explain heightened interest to this
problem. At the same time, the problem of
detecting operator’s attention state in a more
general passive control task associated with the
control of many industrial processes, robotized
manufacturing lines, driver-assisted and robotic
vehicles, and drone aircrafts received little
attention in the literature.
In the context of detecting the car drivers’
drowsiness, the systems proposed in the literature
can be divided into three main categories. The
systems for tracking vehicle parameters including
steering wheel movements, lain position,
accelerator pedal pressure, etc. are some of the first
such systems investigated (Hongbin Yu et al.
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2010; Wang et al. 2014). The number of microcorrections to steering wheel, for example, reduces
when drivers feels sleepy. Sleep deprived drivers
are also found to make fewer steering wheel
reversals than normal drivers. Detection of these
signatures can be used to observe the loss of
driver’s alertness and produce a warning. In the
wider context, however, these systems suffer from
significant variability in driving patterns due to
factors such as the shape and the state of the road
and weather conditions, and also cannot be adapted
to situations such as the control of a robotic
vehicle or supervision of an automated process.
The second type of driver drowsiness detection
systems rely on detecting certain drivers’
behaviors such as yawning, closing eyes, changing
head position, etc. observed with backward-facing
video cameras and infrared or near-infrared
LEDs(Hashemi et al. 2014; Hongbin Yu et al.
2010; Li et al. 2011; Wang et al. 2014). In such
systems, unfortunately, the development of reliable
video processing algorithms proved difficult. Such
algorithms often exhibit high degree of fragility
with respect to the changes in car’s environment
such as lighting or driver’s wearing eye glasses. It
is also possible for drivers to adopt their behaviors
so that the video-monitoring systems can become
confused when the driver, for example, drifts into a
drowsy state without closing his or her eyes or
otherwise exhibiting clear visual cues such as
monitored by the system.
A third type of drowsiness detection systems
considered in the literature comprises the systems
monitoring the drivers’ physiological parameters
such
as
electrocardiogram
(ECG),
electrooculogram
(EOG),
and
electroencephalogram (EEG) (Hashemi et al. 2014;
Hongbin Yu et al. 2010; Li et al. 2011; Wang et al.
2014). For example, the heart rate is known to vary
significantly during different stages of drowsiness,
is almost impossible to fake, and can be easily
detected via the ECG signal. Similarly, EOG
signal had been used in the literature to measure
the drivers’ eye movement, eyelid opening and
closing, etc., allowing the estimation of driver’s
sleepiness in the manner similar to that of the
video-monitoring systems.
EEG modality is unique among the above
choices in that it allows monitoring directly a
driver’s mental state by using electrodes placed on
the driver’s head and measuring the electrical
activity in his or her brain. Drowsiness and other
cognitive states give rise to clear patterns in EEG
signal such as alpha-waves (Baulk, Reyner, and
Horne 2001; Simon et al. 2011; Torsvall and
åAkerstedt 1987; Yeo et al. n.d.). In Ref. (Baulk et
al. 2001), for example, the authors compared EEG
recording and a reaction-time method for the
detection of the onset of sleepiness in car drivers,

113

and found that the EEG was more accurate in
indicating drivers’ drowsiness than the reactiontime method. In Ref. (Torsvall and åAkerstedt
1987), the authors studied the cognitive state of the
operators of freight trains during night-time train
driving and found that alpha-wave activity
increased in the train drivers during the times when
they reported being increasingly sleepy. In Ref.
(Baulk et al. n.d.), the researchers studied the onset
of sleepiness in car drivers and used EEG to detect
the drivers’ sleepiness by monitoring theta and
alpha-waves in the EEG signal. The authors made
suggestions for better detection of car drivers’
drowsiness based on their results. In Ref. (Simon
et al. 2011), the authors studied car drivers’
sleepiness in real traffic. They used EEG and the
detection of alpha-waves to monitor the drivers’
fatigue and sleepiness, and proposed an automated
algorithm for detecting the drivers’ sleepiness
relying on the detection of alpha waves in the EEG
signal. In Ref. (Yeo et al. n.d.), the authors studied
the use of EEG together with machine learning
approaches for detecting sleepiness in car drivers.
They reported that the EEG data for car drivers in
alert state was marked by dominant beta EEG
activity, while drowsy state was associated with
high alpha EEG activity. The authors trained an
SVM classifier for detecting drivers’ drowsy state
automatically based on delta, theta, alpha and betaband EEG signal power.
In this work, we develop an automatic system
for monitoring the attention state of a general
purpose process operator engaged in a lowintensity control task, using a EEG-based BrainComputer Interface (EEG-BCI). Our system uses a
portable EEG-acquisition device and a SVM-based
state classifier working with the time-frequency
representation of multichannel EEG signal. Our
focus is the scenario where an operator needs to
maintain a certain level of attention while being
essentially passive during most of the control task.
That scenario differs from car-driving scenario,
where a degree of operator’s engagement is
generally continuously present, and is similar to
the situations faced by the operators of automated
processes prevalent in industry as well in the
control of newer autonomous land and aerial
vehicles. We test our system in virtual settings and
show that it can detect the operator attention states
with high degree of accuracy. Our system can be
used in the future development of operator-state
monitoring systems for automated industrial
processes and systems as well as autonomous
vehicles.
2.
THE
EEG-BCI
SYSTEM
FOR
OPERATOR’S
ATTENTION
STATE
MONITORING
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In
this
work,
developed
an
electroencephalograph-based
brain-computer
interface (EEG-BCI) system for monitoring the
cognitive attention states of general purpose
process operators.
The EEG data in our system was acquired
using a modified EPOC EEG device (EMOTIV,
San Francisco). The EPOC device is a portable
EEG headset providing 12 channel EEG-data at
128 Hz sampling rate and resolution of 0.5
microvolt. The device is using a system of saline
electrodes assembled onto a fixed plastic spidercap, which allows fast application and use by
single person. The headset connects to a computer
via wireless Bluetooth connection, over which it
transmits the EEG data. An API is available in the
form of a DLL library, which allows the device’s
raw EEG data to be accessed and monitored via
the calls to that library.

Fig. 1. A schematic representation of the
operations of our operator attention state
monitoring system. The EEG data is first
collected using a modified EMOTIV EPOC
EEG-headset. The data is transmitted to a
computer over wireless Bluetooth connection
and
transformed
into
time-frequency
representation using a short-time Fast Fourier
transform. The power spectra of the EEG signal
from all EEG electrodes at every 0.5 second
time point form the input vector for a set of
SVM classifiers trained separately to be
sensitive to an operator’s different attention
states. Finally, the output of the SVM classifiers
is combined using exclusive-OR to determine
the operator’s attention state at each time point.
We modified the headset by removing the
plastic spider-cap and replacing the electrodes onto
a custom-made EEG-cap with their new positions
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being F3/F4, Fz, C3/C4, Cz, Pz, T3/T4, T5/T6, in
the international 10/20 system, instead of the
original AF3/AF4, F3/F4, F7/F8, FC5/FC6, T7/T8,
P7/P8 and O1/O2. Four electrodes T3/T4 and
T5/T6 in the EPOC device were used as the
references and, thus, did not provide useful data.
Therefore, our modified EEG system provided 7
data-acquisition channels in total.
We acquired and processed the EEG data in
Matlab. We developed custom data-acquisition
software using Matlab and the EMOTIV API DLL
library. Thus acquired data was first transformed
into the time-frequency representation by
calculating its spectrograms. The spectrograms
were calculated using a 1024-point short-time
Fourier transform with Blackman window. The
short-time Fourier transform is defined by
(1)
In Eq. (1) x[t] is the signal sequence and w[t]
is the Blackman window function (Lobos, and, and
1997 n.d.; processing and 1994 n.d.). We
experimented with the size of the short-time
Fourier transform’s window w[t], including the
sizes of 1, 5, 15, 30 and 60 seconds. Larger
window size provided for a greater degree of
smoothing of the obtained spectral maps, while
smaller window size provided for higher temporal
sensitivity of those maps. We found that the
Blackman window of 15 seconds size provided the
best compromise between the noise suppression
and temporal resolution in our experiments.
For further processing of the EEG signal, the
power spectral density of the calculated short-time
Fourier transforms was computed as defined by
The power spectra
were calculated for the range of frequencies ω
between 0 and 64 Hz with the step of 0.125 Hz and
times t with the step of 0.5 seconds. We did not
perform any additional EEG signal filtering or preselection of the EEG electrodes, and used the
above data in its entirety for further processing.
For our 7 channel EEG data, this produced the set
of 3584 power spectrum values for every above
frequency and every EEG channel at each halfsecond time-point.
To detect operator’s attention state from
acquired data, we trained a system of several SVM
classifiers. SVM classifier is a two-class linear
classifier selected from the principle of
maximizing the class separation margin. That is,
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for a two-class set of examples, here described by
the feature vectors s_i comprising the values of the
short-time Fourier transform’s power spectrum for
all EEG channels, the classification labels y_i are
assigned via
(2)
in Eq. (2) the vector w and the scalar b are the
parameters of the classifier selected by solving the
soft margin maximization problem,

s.t.

(3)

The target attention states here were defined as
“focused”, “unfocused” and “drowsy”, and
corresponded to the operator being in focused or
attentive state, unfocused or inattentive state but
not drowsy, and drowsy or sleepy state. Each of
the SVM classifiers was trained to produce the
output “1” for one of the above states and “-1” for
all the others. That is, the first SVM classifier was
trained to respond only to the “focused” state of
the operator, the second SVM classifier was
trained to respond only to the “unfocused” state,
and the third SVM classifier was trained to
respond only to the “drowsy” state.
The final identification of the operator’s state
was performed based on the labels produced by
these classifiers and a 3-way XOR. Specifically, if
one SVM classifier produced “1” and the other two
produced “-1” for a given EEG power spectrum
feature-vector, then that vector was assigned the
state-label of the responded classifier. If two or
more classifiers produced “1” or all of them
produced “-1”, then the feature vector was labeled
as “unclassified” and counted as an error.
The operator attention state monitoring system
thus described was trained and tested first for each
subject individually and then for all subjects
jointly. In the case of individually trained attention
state monitoring system, each classifier was
trained using the 20% of the EEG power spectrum
feature vectors randomly selected among the time
points of all EEG data collected for one participant.
This produced approximately 4000 different EEG
power spectrum examples that were used in the
training. The “focused”, “unfocused” and
“drowsy” states were represented approximately
equally in that training dataset. Each of the three
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SVM classifiers was trained using the Least
Square SVM method in Matlab (Suykens and
Vandewalle 1999) using that data.
The performance of the complete operator state
monitoring system was evaluated after training the
classifiers using cross-validation on a random 20%
subset of all EEG data of the same participant,
selected from the data that was not used in the
training. Furthermore, the performance of the
system was additionally evaluated using a separate
full length experiment, the Experiment 5.
In the case of jointly trained attention state
monitoring system, the system was trained using a
random 20% subset of the data comprising the
EEG data collected from all participants. Each
classifier was trained in the same manner as
described above but using that common dataset.
The performance of thus trained “general”
attention monitoring system was evaluated by
cross-validation on the data of each participant
individually.
3. EXPERIMENTAL TESTS OF THE EEGBCI
SYSTEM
FOR
OPERATOR’S
ATTENTION STATE MONITORING
In order to test the operator attention state
monitoring system described in Section II we
conducted a series of experiments in virtual
settings. In these experiments, five volunteer
participants engaged in the task of driving a
passenger train using a computer simulator
program “Microsoft Train Simulator”. All
participants were healthy individuals that were
informed about the experiment’s objectives and
procedures and signed informed consent form in
accordance with the ethical guidelines of Toros
University (Mersin, Turkey). The participants
drove a modern locomotive "Acela Express" for 35
to 55 minutes on a segment of track selected from
the route "Amtrak-Philadelphia" in the “Microsoft
Train Simulator”. The track comprised a segment
of the "Amtrak-Philadelphia" route that was
mostly flat and featureless, so that the participants
had to provide little control input except for the
initial and the final parts of the track. The control
inputs comprised adjusting throttle and applying
brakes. The participants were instructed to drive
the train slowly at the speed of 40 mph, increasing
the tediousness of the track. This experiment
modeled the participants engaging in a lowintensity continuous-attention control task of
specific interest in this work.
All experiments were conducted during the
evening hours between 7 pm and 9 pm, after the
participants had their evening meal. Each
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participant was asked to perform 7 experiments,
one experiment per day. The initial two
experiments were used for the participants’
habituation. The remaining 5 experiments were
used for collecting data. The last experiment was
used as a separate test of the attention state
monitoring system trained using the data collected
in the previous 4 experiments.
During the experiments, the participants were
instructed to drive the train attentively for the first
10 minutes. Then, they were allowed to un-focus
and stop paying attention to the train or the route,
but were asked not to drowse or close their eyes
for the next 10 minutes of the track. After that, the
participants were allowed to relax freely for the
remainder of the track, with their eyes either open
or closed as desired.
The participants’ state during the experiments
was evaluated using a software reaction-time test,
which involved playing a low-volume lowfrequency audio signal every 3 to 5 minutes and
requiring the participants to push a defined key on
computer keyboard. Additionally, each experiment
was observed by a researcher who took written
notes about the participants’ state every 2 minutes.
The behavior of each participant was also recorded
on video for later assessment, if necessary. This
information was used for the training as well as the
evaluation of the performance of the attention state
monitoring system.
The EEG data collected in these experiments
was analyzed in time-frequency domain using
spectrograms, as described in Section II. Obtained
spectrograms were first inspected visually. This
inspection revealed that different attention states of
the participants, namely focused, unfocused and
drowsy participants’ states, were associated with
clear patterns in the EEG signal’s power spectra,
Fig. 2. The focused and the unfocused states were
associated with the presence or absence of lowfrequency EEG activity in the 1-10 Hz frequency
band, respectively, with the most pronounced
differences observed at the electrodes placed over
the frontal lobe such as F3, F4 and Fz. The drowsy
state appeared in the EEG spectrograms as
continuous or intermittent bands of alphafrequency EEG signal at 10 to 15 Hz, observed at
all electrodes but most prominently at the
electrodes C3, C4, Cz and Pz.
This preliminary examination of the EEG
spectrograms suggested that the focused state of
the participants was characterized by the elevated
levels of EEG activity in the frequency range of 110 Hz. This pattern was diffused over that entire 110 Hz frequency range and not specific to any
narrow frequency band. The unfocused state of the
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participants was characterized by the reduced
levels of EEG activity on all frequencies. Finally,
the drowsy state was characterized by elevated
activity in the narrow alpha band located in the
frequency range of 10-15 Hz, in agreement with
the observations in the literature. The EEG
electrodes F3/F4, Fz and Cz were identified as
such exhibiting the largest signal differences with
respect to different participants’ attention states.
Following preliminary examination, we
designed and trained the attention state monitoring
system as described in Section II. We tested the
performance of that system using cross-validation
as well as in a separate full length experiment,
Experiment 5. In all cases, our system proved to be
highly successful in identifying the participants’
attention states and was able to detect the correct
participants’ attention state close to 95% of the
time, Table 1.

Fig. 2. Examples of EEG signal spectrogram for
different EEG channels and different participants.
Different EEG spectra realized for different
operators’ attention states in the time-intervals of
0-10 min, corresponding to focused state, 10-20
min, corresponding to unfocused state, and 20-35
min, corresponding in parts to operator’s drowsy
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state, can be seen. A-B) Examples of the EEG
spectrogram observed for participant S1 in the
experiment 1 at the EEG electrodes Fz and Pz,
respectively. The variability of the EEG signal
with respect to different EEG electrodes can be
seen. C) An example of EEG spectrogram
observed for participant S2 in the experiment 1 at
the EEG electrode Fz. The variability of the EEG
signal with respect to different participants can be
seen.
We found that the attention state monitoring
system had to be trained and applied to each
participant individually. This was due to the
significant variability among the participants of the
shape of the EEG spectra characteristic of different
attention states. Although the EEG spectrograms
appeared to be stable for the same participant
across different our experiments, the EEG
spectrograms could change profoundly from one
participant to another. Respectively, the attention
state monitoring system had to be trained
individually for each participant, and after that
could successfully identify the attention states of
specifically that participant. A general attention
state monitoring system trained jointly using the
EEG data from all participants failed to show good
performance, Table 2.

the three most prominent EEG channels are shown
in Fig. 3. In agreement with the general
observations above, the SVM classifier for the
“focused” state appeared to treat the EEG activity
in the frequency band 1-5 Hz as positive evidence
towards the detection of the “focused” state, Fig.
3A. At the same time, the activity in the frequency
band 8-15 Hz was associated with the negative
contributions to the output of that classifier. For
the “unfocused” state, we observed negative
contributions over essentially all EEG frequencies,
in agreement with the above observation that
inattentive state in the participants was associated
with a drop in the EEG activity across all EEG
signal’s frequencies, Fig. 3B. Finally, the SVM
weights for the “drowsy” state showed a clear
positive peak at the frequency band of 10-15 Hz,
indicating that the alpha-band activity was
considered by that classifier as the indicator of the
participants’ drowsy state, Fig. 3C.

Table 1. Performance of the individual operator
attention state monitoring system in a virtual lowintensity control task experiment, trained
specifically for each participant.
Subjects Exp1 Exp2 Exp3 Exp4 Exp5
S1
94%
97%
95%
97%
95%
S2
89%
96%
96%
95%
96%
S3
87%
93%
93%
94%
92%
S4
96%
97%
94%
97%
93%
S5
96%
95%
96%
97%
95%
Table 2. Performance of the general operator
attention state monitoring system in a virtual lowintensity control task experiment, trained jointly
using the data from all participants.
Subjects Exp1 Exp2 Exp3 Exp4 Exp5
S1
81%
72%
72%
74%
76%
S2
75%
70%
71%
75%
68%
S3
82%
68%
76%
77%
72%
S4
79%
80%
78%
79%
78%
S5
76%
69%
74%
72%
73%
To gain an insight about what features of the
EEG signal the attention state monitoring system
was using for the identification of the participants’
attention states, we examined the weight vectors w
of the SVM classifiers in that system sensitive to
different attention states. Such weight vectors for
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Fig. 3. The typical weight-vectors w of the
operator attention state monitoring system’s SVM
classifiers obtained in our experiments. Shown are
the weight vectors for the participant S1 and three
most distinctive EEG channels F3, F4 and Fz, for
the SVM classifiers obtained in our experiments.
Shown are the weight vectors for the participant S1
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and three most distinctive EEG channels F3, F4
and Fz, for the SVM classifiers sensitive to the
three respective “focused”, “unfocused” and
“drowsy” attention states. The legend is for all
figures.
We also attempted to evaluate the relative
importance of different EEG electrodes for the task
of identification of operator’s attention states.
Since the complexity of an EEG device and the
inconvenience of using it are directly related to the
number of the EEG electrodes in the device, the
question of the least number of the electrodes
necessary to provide a reliable attention state
classification is important.
To answer this question, we used backward
feature elimination procedure. Specifically, we
first trained the attention state monitoring system
with all electrodes kept in the dataset and recorded
its average performance for different participants.
We then systematically removed from the dataset
one electrode at a time and re-trained and reevaluated the performance of the attention state
monitoring system. In this way we determined the
least important electrode and permanently
discarded it from the dataset. We repeated this
procedure until all electrodes but one were
discarded. The resulting performance of thus
obtained attention state monitoring system with a
reduced number of electrodes is shown in Fig. 4.

Fig. 1. Performance of the attention state
monitoring system with respect to the number of
used EEG electrodes. One and two electrodes are
insufficient to provide satisfactory attention state
classification. Three to four electrodes suffice to
consistently achieve the performances of 85-90%.
Using the above procedure, we determined the
relative importance of different EEG electrodes in
the task of identifying different participants’
attention states as F3-Fz-Cz-F4-Pz-C4-C3, thus
listed in the order of decreasing importance. Four
electrodes F3/F4, Fz and Cz were found to be
sufficient to provide the operator’s attention state
classification with the accuracy of above 90%.
Three electrodes F3, Fz and Cz could provide the
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classification accuracy of 85-90% and the 2 most
important electrodes F3 and Fz provided the
attention state classification accuracy of 70-85%,
which was not satisfactory.
IV.CONCLUSION
We develop an EEG-BCI system for
monitoring of the attention state of a general
process or system operator continuously engaged
in a low-intensity control tasks. Due to the low
cognitive demand of such control tasks, such tasks
can pose a serious risk of operators losing alertness
during the task, leading to the loss of ability to
react in the case of an emergency.
Among existing techniques, predominant
attention in the literature had been paid to the
drowsiness detection for car drivers. A variety of
such systems have been suggested by relying on
the monitoring of video imagery, driving patterns,
or physiological patterns. Among these, the EEGbased systems have the advantage of the EEGsignal being directly related to drivers’ mental
activity. The EEG-based systems also can be
generalized to different settings, including that of a
general passive control task encountered in many
modern industrial and autonomous vehicle control
applications.
In this work, we develop an EEG-BCI system
for continuously monitoring operator attention
state in a general low-intensity control task, such
as characterized by reduced operator’s activity
together with the necessity to retain continuous
focus. We use a set of machine learning classifiers
trained to detect different operator’s mental
attention states from the EEG signal. We test that
system in virtual settings and show that it can
achieve high accuracy of the detection of
operators’ focused or attentive, unfocused or
inattentive, and drowsy states.
The EEG signal used for the detection of
operators’ different mental states is found to be
stereotypical across different experiments but can
vary significantly among operators. This
necessitates training and using the attention state
monitoring system individually. Once trained, our
system showed the detection accuracies for
operators’ mental states close to 95%. The highest
contributions to the systems performance were
found to come from F3/F4, Fz and Cz EEG
electrodes and the EEG signal’s frequency ranges
of 1-5 Hz and 10-15 Hz.
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ABSTRACT
Transportation in logistic activities is considered the main pollutant for the environment, with over 25 per
cent CO2 emissions in the EU. This has raised concerns for the EU and governments to find solutions and
impose regulations to diminish the environmental impact. The purpose of this report is to investigate two
questions regarding environmental issues connected to transportation; “What are the recent trends for
establishing sustainable logistics for different transportation methods?” “Which alternatives can be
incentivized to decrease the environmental impact of transportation activities?” The result highlighted in this
research is that shifting transportation modes has been successfully implemented, with considerable positive
outcomes in terms of environmental impact, cost and lead times in several European Union funded projects.
Among these projects the ones with the most noteworthy environmental benefits, which are also the case
studies of this research are The Viking Concept, The WestMed Bridge, Scandinavian Shuttle and Baxter
Inland Sea Transport. In all cases where environmental issues connected to sustainable transport solutions
have been analyzed, it is observed that the monetary value of the environmental benefits far outweighs the
shifting costs. So that with the help of relevant legislations and funding, alternative transportation is
considered in itself sustainable, being a viable alternative to traditional road transportation. In the evidence of
successful implementations in EU, the authors of this piece aspire to raise awareness locally on the same
subject by arguing that it is possible to maintain the same productivity in alternative transportation while
simultaneously earning major environmental benefits.
Keywords: Sustainable Logistics, Logistics Solutions, Logistics Environmental Impact.
* Corresponding author: Asst. Prof. Dr. Abdullah Emre KELEŞ

1. INTRODUCTION
Logistic systems have been improved over the
years, to become faster and more efficient with a
focus on lower costs and lead times. As this
approach make businesses profitable, the
environmental issues are often neglected in the
firms’ strategy. However, EU and governments
are concentrating efforts to reduce the negative
environmental impact by imposing new
regulations and constraints for pollutants (Wu and
Dunn 1995). As such, the transportation sector has
being identified as a major source of pollutant,
with 32% of total energy consumption in the EU,
resulting in 44% of CO2 emissions from fossil
fuels (Aronsson and Brodin, 2006). Other issues
such as the degradation of the ozone layer, noise,
vibrations and atmosphere pollution are also side
effects of the transportation sector (European
Commission, 1992).
The purpose of this report is to investigate
environmental issues connected to logistics of
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sustainable transportation. The focus will be on
analyzing different transportation methods,
considering
cost,
time,
efficiency
and
environmental impact specifically.
METHOD
In writing this report, several academic papers
were reviewed to establish the theoretical
background, further complemented with four case
studies. In searching relevant literature, keywords
such
environmental
responsible
logistics,
sustainable logistics, sustainable transportation,
green logistics were used. The cases studies helped
to identify recent trends in the market towards
establishing sustainable transport logistics.
Moreover, the benefits and challenges of each
trend supported the understanding of optimal
transportations methods with the lowest
environmental impact, as well as other benefits.
The paper is limited to the European Union
level, considering only external logistics
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transportation. Another concept such as the level
of centralization was recognized as a factor for
sustainable logistics and briefly mentioned.

relatively low energy per transported ton-kilometer
where the emissions are small. Moreover, sea
transport exploit less areas and gives therefore
more advantage in an environmental perspective.

Problem Definition
Transportation in logistic activities is
considered the main pollutant for the environment.
Regulations require companies to adopt
environment friendly solutions for their activities
and transportation methods. Therefore, the
questions arise: What are the recent trends for
establishing sustainable logistics for different
transportation methods? Which alternatives can be
incentivized to decrease the environmental impact
of transportation activities?
2. ENVIROMENTAL IMPACT OF
LOGISTICS ACTIVITIES
As described above, effective distribution
systems impacts air quality, generates noise and
contributes to the global warming. According to
Jonsson (2008) the environmental impact by
external transport, causes emissions consisting
mostly of nitrogen oxides, carbon monoxide,
carbon dioxide, sulphur oxides, hydrocarbons and
particles. These emissions are clearly presented to
affect the environment locally, regionally and
globally, and the complexity of identifying and
reducing them is related to the source of these
emissions. Furthermore, the complexity increases
with longer distances. Carbon dioxide is described
to affect the environment in a longer time
perspective in terms of global impact. Looking at
different transportation systems (Figure 1), it can
be observed that the logistic activities involving
transportation present a considerable threat to the
environment (Doherty et al., 2009).
Considering Cavagnaro and Cruiel (2012) and
McKinnon et al., (2010) presenting three
dimensions regarding sustainable development,
Jonsson (2008) uses a similar approach when
identifying environmental impacts into three
factors. These are financial, technological and
social conditions where it is described that each
company needs to adapt their logistics solutions to
these factors with the purpose to always consider
the environmental impact.
Distribution systems has their own different
level of environmental impact and important to
consider both direct environmental impact as the
indirect impact (Jonsson, 2008). Distribution by
railways constitutes of direct effects when diesel is
used instead of electricity. However, using
electricity will affect the environment indirectly
through its production. Looking at air transport the
emissions of greenhouse gases is seen as the most
serious problem. Finally, sea transport consumes

122

Fig. 1. Logistics and Transport Activity (Doherty
et al., 2009)
3. ENVIRONMENTAL MANAGEMENT
According to Kohn and Bordin (2008) the
performance of logistics can be measured and
expressed in terms of service level and costs with
the overall goal to achieve a service that is cost
efficient. Namely, the traditional view of logistics
is to maximize profit and minimizing lead-times
and costs. This view of logistics has to change in
order to become more environmental friendly and
sustainable. The total environmental impact of the
logistics system should be added to the traditional
view. In addition, to create a sustainable logistic
system the different variables should be considered
together (Kohn and Brodin, 2008).
There is an inherent conflict between the
different variables that determine the logistics
systems performance. Therefore, trade-offs are
necessary to create the best overall performance
and not focus on optimizing one variable at the
expense of another. The goal should be to create a
balance between the different variables without
compromising the total overall performance
(Jonsson, 2008).
To create a logistic system that balances the
different variables requires management. One
study carried out by Aronsson and Brodin (2006)
discusses how logistic systems environmental
performance
can
be
improved
without
compromising the performance in terms of service
delivery and costs through centralization.
Aronsson and Brodin (2006) suggest that
centralization creates opportunities that do not
exist in a decentralized system such as
consolidation and changes in transport modes. This
is also supported by Kohn and Brodin (2008) who
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state that centralization enable consolidation which
has a positive impact on CO2 emissions and costs.
An increased level of centralization results in more
transportations than a decentralized system.
However, with appropriate strategic decisions, it is
possible
to
improve
the
environmental
performance of the logistic system without
impairing the costs and service (Kohn and Brodin
2008).
4. POLICIES OF THE EUROPEAN UNION
IN SUSTAINABLE AND ENVIRONMENTAL
FRIENDLY LOGISTICS
Logistics and transportation sector have direct
interaction with sustainable environment issues in
various aspects. Main problems arise from the
mentioned sectors can be listed as follows:
•
•
•
•
•
•

Fast increase in the number of vehicles
Insufficient maintenance and misuse
Old and inefficient vehicle stock
Lack of air pollutant gas control
Air pollution and vehicle traffic
Urbanization around highways

The first remarkable efforts towards
establishing a common policy towards establishing
a transportation mechanism within EU started at
1993 with the Maastricht Agreement. In this
agreement, the basis of Trans-European Transport
Networks (TEN-T) has been discussed, principles
are set and legal documents have been prepared.
The aim with this project was connecting the
isolated regions to the rest of union and
eliminating the bottlenecks which prevent the
socio-economic de-fragmentation of the member
countries (European Commission, 2010).
Another purpose of the mentioned project was
the integration of the logistics and transportation to
the plans of sustainable development. Logistics is
the leading sector within EU, in terms of
influencing the sustainability policies. 25% of the
CO2 emission is caused just from the logistic
related activities. Also, according to the data, 44%
of the load transportation is done by highways,
while the share of sea freight and rail freight are
39% and 10% respectively (White Paper for
European Transport Policy, 2010). When the
constant increase in the traffic population,
deterioration in the services and air pollution are
considered, it was evident that new precautions
were necessary. The council defined restructuring
of the motorways, development of railway network
and prevention of the delays in airways and more
effective use of sea transportation as the new goals
and started to incentivize projects which are
serving for these purposes.
In the scope of TEN-T, 30 new projects have
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taken to evaluation which are believed to be
finding solutions to the adaptation problems of
recently joined countries to the European
environmental standards and long term sustainable
logistics. These projects included motorways, high
speed trains, river transportation, and multi-mode
methods. Apart all these different suggestions, the
most remarkable one was the “Marco Polo
Program” (TEN-T Priority Axes and Projects,
2005).
Marco Polo program is the most significant
effort among the activities of European Union to
solve the environmental problems related to
logistics. It strives for offering alternatives to
conventional motorway transportation with
seaways, railways and inland waterways. Marco
Polo as a whole is a funding program, which
collects proposals for environment friendly
transportation methods every year and provides
funding for them. While the initial budget between
2003 and 2006 was 115 million Euros, it is
increased up to 400 million later on, with the
introduction of Marco Polo II program (European
Commission, 2010).
As stated before, the main purpose of the
program is shifting the land transportation to the
sea as much as possible. The researches show that
especially the inland waterways are much safer
and environment friendly compared to all other
methods. Still, it is believed that inland waterways
are not used as much as desired and Marco Polo
wants to incentivize such methods with its funding.
Under the scope of Marco Polo, there are several
projects completed successfully. The term success
here both satisfies the profitability and efficiency
as well as environmental awareness. There are two
examples of such projects you will find below with
further details.
5. TRENDS FOR SUSTAINABLE LOGISTICS
TRANSPORTATION
Reducing transport emissions is an important
measure for companies in achieving greener
logistics. As with the focus to stay competitive on
the market with shorter lead times and cost
benefits, it is argued that 'greening' efforts may
affect logistic effectiveness and efficiency
(Huaccho et al., 2013). Yet, leading companies are
gradually implementing environmental principles
in their supply chain, to the extent of a win-win
situation, satisfying governmental policies but also
focusing on the competitive advantage (Wu and
Dunn, 1995). Looking on how companies have
adapted new transportation solutions shows that
environmental and cost requirements can be
satisfied.
An effective trend is shifting the traditional
road transportation to sea, inland or rail
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transportation. This solution has been adopted by
several international shipping providers with great
benefits. In the case of Baxter, switching
transportation modes resulted into 40% cost
savings and reduced environmental impact. The
fuel consumption for barges was less with 20% per
kg than the truck transportation, also having the
advantages of reduced CO2 emissions and
eliminating trucks of the roads. This solution also
increased certainty and faster delivery times,
avoiding the high risk of road congestions
(European Logistics Association, 2010). Another
approach of lowering transportation costs and
environmental impact is the Viking Rail project,
which focused on shifting 35 to 40% road
transportation to rail by using an intermodal
solution. This approach resulted in lowering CO2
emissions by 63% as well as decreasing lead times
for about 12 hours for some routes. As in the
previous case, fewer trucks were used and this
meant a reduction of 15 tonnes per year of CO2,
less fuel consumption by 3.5 million litres per year
as well as considerable reduction of other
pollutants e.g. nitrous oxide, sulphur oxide
emissions. From a cost perspective, the benefits
were less considerable with only 5% improvement.
(European Logistic Association, 2010).

transportation costs. Using larger capacity barrels
to carry the liquids, the total transportation
capacity has been increased by 65%. The travel
time of the products has become 1.3 times faster
than before and the cost of transportation has been
reduced by 40% compared to the former method.
During the lifetime of the project, it is expected to
shift 72585 trucks worth of load to be shifted to
sea transport. While the fund given for WestMed
Bridge was 4.5 million Euros, the environmental
benefit is estimated to be around 66.5 million
Euros. The numbers show that the project was
successful in every aspect (European Commission,
2010).
5.2. “The Scandinavian Shuttle” Project
Project Name: Scandinavian Shuttle
Funds: 2.5 Million Euros
Duration: June 2006 – May 2010
Contractor: UBQ AB of Malmö, Sweden
Total load shifted from motorway:
923 million tons/km
Estimated Environmental Benefit:
27,5 Million Euros

5.1. “The WestMed Bridge” Project
Project Name: The WestMed Bridge
Funds: 4.5 Million Euros
Duration: April 2008 – March 2011
Contractor: Atlantica S.P.A di Navigazione, Italy

Fig. 3. The Scandinavian Shuttle Project

Fig. 2. The WestMed Bridge Project
Shifting transportation modes proved also to be a
wise choice in the case of The WestMed Bridge
project. It aimed at shifting the motorway
transportation towards the sea, thus increase the
environmental benefits and decrease the
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A similar project, the Scandinavian Shuttle, had
also considerable improvements in terms of
environmental and cost benefits. It aimed at
building a long lasting railroad between central
Europe and Scandinavia and shifting the traffic
load caused from logistic activities between those
two regions to railroad. The project started train
expeditions between Sweden and Germany
through Denmark. Since the contingencies are
minimal in railroad transportation, the arrival times
of the train to its destinations are planned with
“just in time” principle. With the introduction of
the railway, an alternative opportunity has been
given which is also as flexible and reliable as the
former methods. Overall, the Scandinavian Shuttle
project managed to shift 923 million tons of loads
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from motorway and generated 27.5 million Euros
worth of environmental benefit by the time of May
2010 (European Commission, 2010).
ANALYSIS
The purpose of this report was to investigate
environmental issues connected to logistics of
sustainable transport solutions. With theory that
stresses the transportations’ actual impact on the
environment, combined with transportation
solutions reviewed in four different cases, the
conditions to begin with the analysis have now
been established.
The percentage of pollution which is 25%
caused through logistics activities and the fact that
transportations represent 32% of total energy
consumption; have been clearly stated by Aronson
and Huge Brodin, (2006) as the serious and actual
impact in the society. European Commission,
(2010) presented common policies which become
established in the early 90’s and one thing to
notice is the relation of the Maastricht Agreement
with the socio-economic defragmentation. Equally
with this agreement (Hawkins and Wang, 2012)
emphasized almost two decades later the social
dimension as an important part for sustainable
society, together with the economic and the
environmental perspective. Alänge (2014)
identified sustainability as a starting principle for
innovation and business development and this
principle has actually been found in each of the
four reviewed cases in this paper.
The Viking concept, the WestMed Bridge
project, Scandinavian Shuttle project and Baxter
inland sea transport, are all cases where
environmental issues connected to sustainable
transport solutions have been analyzed and where
recent trends have been reviewed. However, the
positive outcomes from mentioned cases appear to
be environment friendly; additionally variables
need to be considered as mentioned in theory
called environmental management. As a matter of
fact, Khon and Brodin, (2008) emphasizes the
importance of considering different variables
together such as cost, time, efficiency. Based on
that, several performance variables need to be
considered when developing and evaluating new
transportation solutions.
As it has been mentioned, actual cases bring up
challenges and can be related to how to manage
performance variables in order to reach the optimal
outcome of a newly implemented sustainable
transportation system. The analysis shows that
sustainability is the driving action for new
transportation solutions. However, what should be
further analyzed is; whether the success behind the
presented cases is only connected to the indirect
initiative of funding from the European Union.
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CONCLUSION
In conclusion, it is evident that as a result of
increasing globalization, the competitiveness of the
market, intensity of environmental laws; customer
expectations and social responsibilities of the
companies are rising. Furthermore, considering the
increasing attraction on the environmental issues
today by individuals, organizations and companies
from different industries makes it inevitable that
some changes are going to take place in logistics
industry to contribute the solution of this global
problem. The numbers shown from various
researches indicate that logistics industry has a
major responsibility to carry out this change
process, since it has a major stake in the root of the
problem. Recent trends in the approach of EU and
the sector itself show that awareness is actually
there, which is being the driving force to make
both companies and authorities to step up their
environmental efforts and revise their strategic
plans accordingly.
On the legal side of the transformation of
logistics into a more environmental friendly sector,
biggest responsibility lies upon European
Commission, as well as the particular authorities
from the related countries. Looking at the recent
efforts, it is observable that the commission is
actively incentivizing the companies to take part in
the resolution by shifting into greener logistic
solutions. TEN-T program as a whole and Marco
Polo program in particular are outstanding
examples of collaborative handling of the common
problem. Given that the mentioned cases in this
paper are just a mare start and the programs
themselves are looking for a 30-year period, it is
possible to make optimistic estimations about the
future state of the industry.
On the sectorial side, it is encouraging to see
that companies are taking the initiative to lead the
change in accordance to the legal regulations. The
decisions taken on the strategic level show their
effects on the different faces of logistic activities
throughout the supply chain, especially on the
material transportation. The Viking concept, WestMed Bridge, Scandinavian Shuttle and Baxter
inland sea transport can be regarded as major steps
taken towards making a more green future for
logistics and hopefully more projects will follow
as it is seen that both environmental and monetary
profits are remarkable. However, there are other
concerns as well for logistic companies as
mentioned such as cost, lead times, and flexibility
and so on. Shifting their current practices with
more environmental friendly ones may tackle them
in those departments initially but, as new methods
are established better over time, they would not be
an issue any further.
To sum up, although there is still plenty of
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room for improvement, current efforts are giving
the signal that the sector is on the right track.
Emphasizing the importance of alternative
transportation methods other than land freight
(especially in-land water ways) seems to be the
key factor for greener logistics in Europe.
Maintaining the combination of incentives from
the authorities and sense of responsibility from
companies will let the common understanding to
be transferred to future generations for minimized
environmental impact from logistics transport
activities.
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REMOVAL OF CHROMIUM (VI) FROM AQUEOUS SOLUTIONS USING CHERRY
KERNEL SHELL CHARCOAL AND CHITOSAN/CHERRY KERNEL SHELL
CHARCOAL COMPOSITE BEADS AS ADSORBENT
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ABSTRACT
In this study, cherry kernel shell charcoal (CKSC) and chitosan composite beads (C-CKSC) were synthesized
and hexavalent chromium (Cr 6+) adsorption from aqueous solutions with synthesized C-CKSC composite beads
and CKSC natural adsorbents has been studied comparatively. C-CKSC composite beads were prepared by
blending chitosan with cherry kernel shell charcoal and forming composite beads. In batch adsorption
experiments; the effects of Cr(VI) initial concentration, adsorbent dosage, contact time and pH value parameters
on adsorption were investigated. Equilibrium contact time was achieved as 120 min for CKSC and C-CKSC
adsorbents. The maximum Cr(VI) removal was obtained at the initial pH value of 1.56 for CKSC and 2 for CCKSC. The optimum adsorbent dosage for Cr(VI) removal was found to be 5 g/L for CKSC and 1.5 g/L for CCKSC. Under above optimum conditions, percent of Cr(VI) adsorption was calculated approximately 85% for
CKSC and 100% for C-CKSC. The adsorption equilibrium data fitted well with Langmuir isotherm model for
CKSC and C-CKSC adsorbents. The maximum adsorption capacities were calculated as 14.455 mg/g for CKSC
and 83.298 mg/g for C-CKSC. Characterization of the synthesized adsorbents was performed by SEM, BET,
FTIR and elemental analysis. SEM/EDX images confirm that after adsorption the Cr(VI) was dispersed onto the
composite bead surface. This study has shown that cherry kernel shell charcoal natural adsorbents and
chitosan/cherry kernel shell charcoal composites can be effective adsorbents at low cost for Cr(VI) removal from
aqueous solutions.
Keywords: Adsorption, Chromium (VI), Charcoal, Cherry Kernel, Chitosan
* Corresponding Author.
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ABSTRACT
Activated carbon (AC) has been commonly used adsorbent owing to its high specific surface area and porous
structure for the removal of toxic pollutants such as p-Nitrophenol (p-NP) by adsorption technique. Nowadays, the
development of activated carbon from no cost or waste materials acquired locally is an attractive option due to the
commercially available activated carbon is expensive. For this purpose, in this study, the banana peel based AC (B-AC);
pine cone based (PC-AC) and pine tree bark based (PB-AC) activated carbons were synthesized by chemical activation
method and they used as adsorbent for the removal of p-NP. The specific surface area of activated carbons were determined
by BET surface area analysis. According to BET analysis results; the highest specific surface area was obtained in PB-AC
as 907.287±2.877 m2/g, compared to PC-AC (719.13±2.402 m2/g) and B-AC (601.624±1.572 m2/g).
Batch adsorption experiments were carried out to determine the effect of initial p-NP concentrations using the prepared
activated carbons as adsorbent at the conditions of pH 3.0, 1g/L of adsorbent concentration, 25°C temperature, and 5 h
contact time. According to results, the synthesized activated carbons exhibited significant adsorption capacity for p-NP in
the range of 25 – 100 mg/L concentrations. The highest adsorption capacity was obtained in PB-AC adsorbent and
Langmuir isotherm model provided the best fit to the equilibrium data with maximum adsorption capacity of
163.93 mg/g. Moreover, while the adsorption kinetics of p-NP onto PC-AC and PB-AC were better described by the pseudo
second-order kinetic model, p-NP onto B-AC well described by the pseudo first-order kinetic model.

Keywords: p-Nitrophenol, Activated Carbon, Banana peel, Pine cone, Pine bark.
* Corresponding author

1. INTRODUCTION
Phenol
and
phenol
derivatives;
are
bioaccumulative organic compounds with high
toxicity, carcinogenic and mutagenic effect which
are frequently encountered in the waste waters of
petrochemical and refinery facilities, coal ovens,
plastics industry, paint and textile industry. These
compounds can be found in the natural water
environment and they can be transferred to the food
chain. The discharge limit of phenolic compounds
is 20 mg/L in wastewater infrastructure facilities
resulting in sewerage systems and the limit is 10
mg/L in systems resulting in marine discharges;
according to the water pollution control regulation
[Web service., 2008].
p-Nitrophenol (p-NP) is present in agricultural
irrigation and industrial effluents discharged from
chemical plants producing pesticides, explosives,
dyestuffs. Due to the presence of a nitro-group in
the aromatic ring, p-NP is toxic, non-biodegradable
and highly persistent in the environment [Zhang et
al., 2012]. Adsorption process a widely used
method for the removal of toxic pollutants like pNP from wastewaters because of its low cost,
removal performance and ease of operation. It is
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well known that, activated carbon has been
commonly used adsorbent and support material for
material synthesis, owing to its high specific surface
area and porous structure for wastewater treatment
applications.
Several carbonaceous materials are used for
activated carbon production such as petroleum
residues, wood, coal, peat, and lignite. However;
these kinds of precursors are expensive and nonrenewable. In addition that, it is important and
necessary to find a cheap and available feedstock
for the preparation of activated carbon for use in
industry, drinking water purification and
wastewater treatment. Therefore, in recent years,
people have been focusing on the activated carbon
preparation based on agricultural waste and
lignocelluloses
materials.
Several
suitable
agricultural residues are hazelnut shell, olive stone,
jojoba seed, coconut shell, bamboo, rice husk,
sugarcane bagasse and many others [Yahya et al.,
2015].
Moreover, the evaluating of these residues in the
synthesis of biomass derived activated carbon is
useful for the reducing the environmental pollution
arising from these by-products.
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In this regard, the banana peel, pine cone and pine
tree bark could be quite appropriate candidates for
synthesis of biomass derived activated carbon (AC).
For this purpose; in this work, it is objected to
preparing of biomass derived activated carbon from
banana peel, pine cone and pine tree bark. The
prepared activated carbons were used as adsorbent for
the removal of p-NP and their p-NP adsorption
capacities were compared with each other.

activated carbons were determined with nitrogen
adsorption technique at 76.256 K using Micromeritics
ASAP 2020V 3.00 G Brunauer, Emmett, and Teller
(BET) surface area analyzer. Prior to BET
measurement, the carbon was degassed at 200°C
under vacuum for 2 h.

2. MATERIALS AND METHODS

The adsorption experiments were carried out in 250
mL Erlenmayer flasks containing 100 mL of p-NP
adsorption solution. 0.1 g of adsorbent, except for
adsorbent concentration experiments, was contacted
with 100 mL of p-NP solution at known initial p-NP
concentration at pH 3.0 of solutions. Then the flasks
were agitated at a constant temperature and shaking
rate. Samples were taken before mixing the biomass
derived activated carbons and p-NP solution and at
pre-determined time intervals for the unadsorbed
p-NP concentration in the solution. Samples were
centrifuged and the supernatant liquid was analysed
by Uv-vis spectrophotometer at the wavelentgh of
318 nm.

2.1. Materials
The banana peels were picked from the banana
which were bought from a local market. The pine
cone and pine tree bark were collected from the
Mersin University Çiftlikköy campus, Mersin-Turkey
between March and April 2018. The other all of the
chemicals were of analytical grade and they were
used without further purification. The
pNitrophenol (p-NP); also called 4- Nitrophenol (99%,
C6H5NO3) was supplied by Alfa-Easer. Phosphoric
acid, puriss., ≥99% were provided by Merck. The
stock solution of 1000 mg/L of p-NP was prepared by
dissolving 1 g of p-NP in 1 L deionized water; and
then the desired p-NP concentrations were prepared
by appropriate dilutions from stock p-NP solution.

2.3. Adsorption Studies

3.

RESULTS AND DISCUSSIONS

3.1. Characterization Studies
2.2. Preparing of biomass derived activated
carbons
The banana peels, pine cone and pine tree bark were
washed several times with distilled water to remove
dust and impurities, and then they were air-dried at
ambient temperature away from direct sun-light in the
shade for 48 h. After drying, the samples were ground
using a laboratory type blender and sieved to obtain
500 µm particle size range by means of a vibratory
sieve shaker (Fritsch Analysette 3Spartan Model,
Germany). Samples were vacuum packed and stored
at ambient temperature in the dark and dried place
until used. Chemical activation of samples were
carried out using H3PO4. 20 g of each dried sample
was mixed with the 12 M, 100 mL of phosphoric acid
solution at approximately for 24 h. Then, phosphoric
acid impregnated samples were washed by distilled
water and dried 105°C for 6 h. After that, the samples
were carbonized in a vertical furnace at 1000°C
temperature for 2 h. After carbonization process, the
resultant activated carbons were washed by hot
distilled water until the solution pH reached neutral
and dried in oven at 105°C for 12 h [Li et al., 2017].
In this way; the banana peel based AC (B-AC), pine
cone based (PC-AC) and pine tree bark based (PBAC) activated carbons were obtained by chemical
activation method.
The specific surface area of biomass derived
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The specific surface area of biomass derived
activated carbons were determined by Brunauer,
Emmett, and Teller (BET) analysis. The results
obtained are presented in Table 1.
Table 1. BET surface areas of biomass derived
activated carbons
Biomass derived
activated carbons
B-AC
PC-AC
PB-AC

BET surface area
(m2/g)
601.624±1.572
719.130±2.402
907.287±2.877

As seen from Table 1, the prepared biomass derived
activated carbons have high specific surface areas
and the highest specific surface area was obtained
in PB-AC compared to PC-AC and B-AC.
3.2.
Effects
of
concentration and
adsorption

initial
contact

p-Nitrophenol
time on the

The initial contaminant concentration is an
important factor on the adsorption capacity in terms
of providing higher driving force to overcome mass
transfer resistances of the pollutant ions between the
aqueous and solid phases. The effects of initial pNP concentration on the p-NP adsorption by B-AC,
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PC-AC, and PB-AC were investigated in the range
of 25–100 mg/L initial
p-NP concentrations at
1.0 g/L adsorbent concentration and 25°C
temperature for 5 h contact time. The effect of initial
p-NP concentration for the adsorption of p-NP on
the prepared biomass derived activated carbons was
presented in Fig. 1. (a-c).

100

a)
qe (mg/g)

75
50
25
0
0

25

50

75

100

NP concentration of 75 mg/L, it was seen that
equilibrium uptake became approximately stable
with increasing p-NP concentration may be due to
the saturation of the adsorption sites with molecules
of p-NP at higher p-NP concentrations. At 100
mg/L p-NP concentrations, the saturation of the
adsorption sites suggesting that available sites on
the adsorbent are the limiting factor for adsorption.
As a result, the purification yield could be increased
by diluting the wastewaters containing high p-NP
concentrations when the B-AC was used as an
adsorbent .
According to Fig. 1-b and c, the adsorption
capacities increased linearly (qe=0.8439*Co,
R2=0.992) for p-NP adsorption on PC-AC and for
p-NP adsorption on PB-AC (qe=0.8693*Co,
R2=0.996). As a result, the higher equilibrium
uptakes of p-NP were obtained in the range of
25- 100 mg/L of p-NP concentrations when the PBAC was used as adsorbent.

Co (mg/L)

Moreover, one of the most important factors
influencing the adsorption is the contact time.
The variation of the adsorbed p-NP amounts with
contact time for the p-NP adsorption on B-AC, PCAC, and PB-AC was presented in Fig. 2. (a-c). The
data obtained from the adsorption of p-NP on
biomass derived activated carbons showed that a
contact time of 5 h was necessary to achieve
equilibrium, and the p-NP amounts did not change
significantly with further increase in contact time
after 4 h for the low concentrations of p-NP.

100

b)
qe (mg/g)

75
50
qe = 0.8439*Co
R² = 0.992

25
0
0

25

50

75

100

3.3.

Co (mg/L)
100

c)
qe (mg/g)

75
50
25

qe = 0.8693*Co
R² = 0.996

0
0

25

50

75

100

Co (mg/L)

Fig. 1. The effect of initial p-NP concentration
a) p-NP on B-AC b) p-NP on PC-AC c) p-NP on
PB-AC (temperature 25°C, initial pH 3, adsorbent
concentration 1 g/L, 5 h contact time conditions)
As can be seen from Fig. 1-a, the adsorbed
p-NP amounts on B-AC, increased linearly as a
result of increasing the driving force of the
concentration gradient (ΔC) by increasing initial pNP concentration up to 75 mg/L. After the initial p-
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Equilibrium Modelling

The Langmuir and Freundlich isotherm models
are commonly used to describe the adsorption data
so, get idea about the interactions of adsorbed
materials with the adsorbent. The Langmuir
isotherm model suggests a monolayer adsorption
occurring on a homogeneous surface comes from
finite number of similar active sites and Freundlich
isotherm model is valid for adsorption take place
heterogeneous surface [Contreras Olivares et al.,
2016].
The well-known linearized forms of Langmuir
[1/qe=1/Qob(1/Ce)+1/Qo]
and
Freundlich
[lnqe=lnKf+(1/n)lnCe]
isotherm models were
applied to experimental equilibrium data at 25°C
temperature and the isotherm constants calculated
from the isotherm equations and regression
coefficients were summarized in Table 2.
Also, the experimental and predicted isotherms
for p-NP adsorption at 25°C and initial pH 3 were
given in Fig. 3. (a-c) for p-NP adsorption on B-AC,
PC-AC, and PB-AC.
As seen from Table 2 and Fig.3. (a-c),
Langmuir isotherm model was better agreement
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with experimental equilibrium data.

PB-AC adsorbent with maximum monolayer
adsorption capacity of 163.93 mg/g. This result may
be due to its higher specific surface area than other
prepared activated carbons and differences of
functional groups in the structure.
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a)

qt (mg/g)

100

Co=25 mg/L

Co=50 mg/L

Co=75 mg/L

Co=100 mg/L

Table 2. The isotherm model constants with
regression coefficient values (R2)

75
50
25
0
0

1

2

3

4

5

Biomass
derived
activated
carbons

Langmuir isotherm model
[qe= QobCe / (1+bCe)]

Freundlich isotherm
model [qe=KF Ce 1/n ]

t (h)
125

b)

qt (mg/g)

100

Co=25 mg/L

Co=50 mg/L

Co=75 mg/L

Co=100 mg/L

b

R2

KF

1/n

R2

B-AC

65.79

0.331

0.99
9

21.64

0.31
4

0.92
6

PC-AC

147.0
6

0.026
5

0.99
9

5.266

0.75
2

0.99
8

PB-AC

163.9
3

0.084
9

0.99
5

16.69
1

0.62
9

0.95
0

75
50

Q˚ (mg/g), b (L/mg), KF [(mg/g)/(L/mg)1/n)]

25
0
0

1

2

3

4

5

t (h)
125

c)

100

qt (mg/g)

Qo

Co=25 mg/L

Co=50 mg/L

Co=75 mg/L

Co=100 mg/L

75

The adsorption capacities of the biomass derived
activated carbons in this study for the removal of pNP have been compared with those of other
activated carbons which were prepared from
different sources for the removal of various
phenolic pollutants that were reported in literature
and their adsorption capacities have been presented
in Table 3. According to Table 3, in this study, have
good adsorption capacities in comparison with most
of the other activated carbons.
Table 3. Comparison of results obtained in this
study for the adsorption of p-NP with those of other
activated carbons

50
25

Activated carbon

0
0

1

2

3

4

5

t (h)

Fig.2. The variation of the adsorbed p-NP amounts
with contact time for the p-NP adsorption on a)
B-AC, b) PC-AC, and c) PB-AC at different initial
p-NP concentrations (temperature 25°C, initial pH
3, adsorbent concentration 1 g/L)
This result demonstrated that, the adsorption
occured at specific homogeneous sites within the
adsorbent forming monolayer coverage of p-NP at
the surfaces of B-AC, PC-AC, and PB-AC,
respectively. Moreover, as seen from Table 2, the
highest adsorption capacity was obtained in
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B-AC
PC-AC
PB-AC
activated carbon
fiber (ACF) from
Kenaf natural
fibers.
Activated carbon
prepared from
apricot stone shells
Activated carbon
from carrot dross

Phenolic
compouds
(Pollutant)

Q˚
(mg/g)

Referans

p-Nitrophenol

65.79
147.06
163.93

This study

Phenol
p-Nitrophenol
2,4-DNP
2,4-DCP
p-Nitrophenol

140.84
136.99
232
339

91

Aber et al.,
2009

Daifullah
et al., 1998
Bastami
et al., 2012

However, the exactly comparison of adsorption
capacity of activated carbons is actually difficult
due to the differences of optimum experimental
conditions and physicochemical properties of
activated carbons such as functional groups and

Cilicia International Symposium on Engineering and Technology (CISET2018)
Mersin University Engineering Faculty, 26-27 October 2018, Mersin, TURKEY

specific surface areas depending on the biomass
source.

100

a)
3.4.

qe (mg/g)

75

The kinetic data in this study were applied
on the linear forms of Lagergren pseudo first-order
kinetic model [log(qe − qt) = log(qe) − k1t/2.303]
and pseudo second-order kinetic model
[(t/qt) = (1/qe2k2) + (t/qe)] [Demirbaş et al., 2004].

50
Experimental

25

Langmuir isotherm model
Freundlich isotherm model

0
0
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40

Ce (mg/L)
100

b)

qe (mg/g)

75

50
Experimental

25

Kinetic Modelling

Adsorption kinetic data and the pseudo
first-order and pseudo second-order model
constants with regression coefficients were
presented in Table 4. According to Table 4, the
adsorption kinetics of p-NP onto PC-AC and PBAC were better described by the pseudo secondorder kinetic model, due to consistency of the
experimental and calculated qe values and the high
R2 coefficients than the pseudo first-order model at
all initial concentrations. However, the adsorption
kinetics of p-NP onto B-AC well described by the
pseudo first-order kinetic model, due to consistency
of the experimental and calculated kinetic
parameters.

Langmuir isotherm model
Freundlich isotherm model

4. CONCLUSION

0
0
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Ce (mg/L)
100

c)

qe (mg/g)

75

50
Experimental

25

Langmuir isotherm model
Freundlich isotherm model

0
0

5

10

15

20

Ce (mg/L)

Fig. 3. The comparison of the experimental and
predicted isotherms for p-NP adsorption on a)
B-AC, b) PC-AC, and c) PB-AC (temperature
25°C, initial pH 3, adsorbent concentration 1 g/L)
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In this study, the banana peel based (B-AC);
pine cone based (PC-AC) and pine tree bark based
(PB-AC) activated carbons were synthesized by
chemical activation method and they used as
adsorbent for the removal of toxic and hazardous
compound p-Nitrophenol. The prepared activated
carbons exhibited high adsorption capacity for
p-NP. Consequently, the results obtained from this
study supported that, natural waste materials with
unique advantages such as eco-friendly nature, their
availability and low cost, could be suitable
precursors for the preparation of activated carbon
and also, the prepared activated carbons can be used
an efficient adsorbent for the removal of toxic
pollutants from water supplies.
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PB-AC

PC-AC

B-AC

Table 4. Kinetics model parameters with R2 values
Pseudo first order model

Co

qe

25
50
75
100
25
50
75
100
25
50
75
100

22.81
43.52
62.50
61.10
21.040
45.047
45.047
80.562
22.31
45.43
67.29
84.23

exp

Pseudo second order model

k1

qe, cal1

R2

k2

qe, cal2

R2

0.7724
0.8632
1.1738
0.7054
0.5838
0.6260
0.5488
0.5649
0.3897
0.7040
0.8516
0.6711

24.05
47.07
63.87
52.40
10.92
32.60
46.13
52.17
9.48
30.59
63.69
75.14

0.994
0.997
0.997
0.984
0.753
0.889
0.899
0.862
0.452
0.919
0.985
0.986

0.2032
0.0377
0.0600
0.0416
0.3305
0.2309
0.1076
0.1122
0.3606
0.1056
0.0403
0.0265

21.87
38.79
59.34
56.65
20.45
44.20
64.71
78.82
21.77
43.62
62.67
77.31

0.988
0.958
0.990
0.982
0.994
0.997
0.994
0.996
0.985
0.994
0.986
0.987
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1/n
: Freundlich constant indicating adsorption
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: Pseudo first order kinetic rate constant
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k2
: Pseudo second order kinetic rate constant
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qe
:Adsorbed amount per unit mass of
adsorbent (mg/g)
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of adsorbent from pseudo first order kinetic model (mg/g)
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:Calculated adsorbed amount per unit mass
of adsorbent from pseudo second order kinetic model
(mg/g)
qe,exp
: Experimental adsorbed amount per unit
mass of adsorbent (mg/g)
qt
: Adsorbed amount per unit mass of
adsorbent at any time (mg/g)

133

Aber, S., Khataee, A., & Sheydaei, M. (2009).
“Optimization of activated carbon fiber preparation
from Kenaf using K2HPO4 as chemical activator for
adsorption of phenolic compounds.” Bioresource
Technology, Vol. 100, No. 24, pp. 6586-6591.
Bastami, T. R., & Entezari, M. H. (2012).
“Activated carbon from carrot dross combined with
magnetite nanoparticles for the efficient removal of
p-nitrophenol from aqueous solution.” Chemical
Engineering Journal, Vol. 210, pp. 510-519.
Contreras Olivares, N., Díaz-Nava, M. C., &
Solache-Ríos, M. (2016). “Enhanced decolorization
of dyes by an iron modified clay and
thermodynamic parameters.” Water Science and
Technology, Vol. 73, No. 8, pp. 2007-2016.
Daifullah, A. A. M., & Girgis, B. S. (1998).
“Removal of some substituted phenols by activated
carbon obtained from agricultural waste.” Water
Research, Vol. 32, No. 4, pp. 1169-1177.
Demirbas E, Kobya M, Senturk E, Ozkan T. (2004).
“Adsorption kinetics for the removal of
chromium(VI) from aqueous solutions on the
activated carbons prepared from agricultural
wastes”, Water S. A. Vol. 30(4), pp. 533-540.

Cilicia International Symposium on Engineering and Technology (CISET2018)
Mersin University Engineering Faculty, 26-27 October 2018, Mersin, TURKEY

Li, P., Lin, K., Fang, Z., & Wang, K. (2017).
“Enhanced nitrate removal by novel bimetallic
Fe/Ni nanoparticles supported on biochar.” Journal
of Cleaner Production, Vol. 151,
pp. 21-33.
Web
Service, http://www.resmigazete.gov.tr.
“Water Pollution Control Regulation” Ministry of
Environment and Forestry, 2008. [Accessed 16 July
2018].
Yahya, M. A., Al-Qodah, Z., & Ngah, C. Z. (2015).
“Agricultural bio-waste materials as potential
sustainable precursors used for activated carbon
production: a review.” Renewable and Sustainable
Energy Reviews, Vol. 46, pp. 218-235.
Zhang, A., Wang, N., Zhou, J., Jiang, P., & Liu, G.
(2012). “Heterogeneous Fenton-like catalytic
removal of p-nitrophenol in water using acidactivated fly ash.” Journal of Hazardous Materials,
201, 68-73.

134

Cilicia International Symposium on Engineering and Technology (CISET2018)
Mersin University Engineering Faculty, 26-27 October 2018, Mersin, TURKEY

HYDROLOGIC AND MORPHOMETRIC CHARACTERIZATION OF THE
STREAMS LOCATED BETWEEN DELİÇAY AND GÖKSU RIVERS (MERSİN)
Ümit Yıldırım *1, Cüneyt Güler 2 and Mehmet Ali Kurt 3
1 Mersin University, Engineering Faculty, Department of Geological Engineering, 33343 Mersin, Turkey
(umit.yildirim.1907@gmail.com)
2 Mersin University, Engineering Faculty, Department of Geological Engineering, 33343 Mersin, Turkey
(cuneytguler@gmail.com)
3 Mersin University, Engineering Faculty, Department of Environmental Engineering, 33343 Mersin, Turkey
(mehmetalikurt@gmail.com)
ABSTRACT
In this study, it was aimed to portray hydrologic and morphometric characteristics of the 18 streams located
between the Deliçay and Göksu rivers in the eastern and western parts of the Mersin Province, respectively. All
these streams discharge into the Gulf of Mersin (Mediterranean Sea) stretching parallel to the central Taurus
Mountains. In this context, in-stream discharge measurements were made in monthly periods between October
2015 and September 2016 using a water flow meter and Geographic Information System (GIS) technology was
used for morphometric analyses of their watersheds. According to the results obtained from discharge
measurements, out of 18 streams, six were classified as perennial, six as ephemeral, and six as dry streams in the
study area. Results from the morphometric analyzes indicated that areas of the basins vary between 10.541344.17 km2, basin lengths range from 8.32 to 104.11 km, and flow lengths vary between 26.90-1940.25 km.
When all the results are examined as a whole, the stream discharges are found to display high values in the
basins with high values of morphometric parameters (i.e., basin area, basin length, and flow length), whereas the
stream discharges are low or not observed (i.e., zero) in the basins with low values of morphometric parameters.
From the water management and ecosystem services perspectives, these results indicate that the basins with high
values of discharge and morphometric parameters should be continuously monitored for water quantity and
quality, given that they have a greater water potantial for agricultural irrigation, domestic and industrial
purposes.
Keywords: Hydrologic Analysis, Morphometric Analysis, Watershed, Perennial stream, Ephemeral stream.
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ABSTRACT
Mezitli and Müftü rivers are two major perennial rivers flowing through the center of Mersin and discharging
into the Mediterranean Sea from the Gulf of Mersin. In this study, morphometric analyzes of basins of these
rivers were carried out using Geographic Information System (GIS) techniques in order to determine their
flooding potentials. In morphometric analyzes, the parameters most affected from hydrometeorological and
geological factors (e.g., drainage density and stream frequency) and the hypsometric integral describing the
geomorphologic developmental stage of the basin, were selected. GIS-based calculations shown that the areas
covered by the Mezitli and Müftü basins are 168.71 km2 and 468.64 km2, respectively. Results of the
morphometric analyzes revealed that drainage densities are 2.23 and 1.66, stream frequency values are 3.04 and
1.81, and hypsometric integral values are 0.41 and 0.59 for the Mezitli and Müftü basins, respectively. The
basins with low drainage density and stream frequency values generally present slow surface flows and have low
flooding potentials, compared to the basins with high drainage density and stream frequency values, which have
a higher probability of flooding. When the drainage density and stream frequency values of the basins in the
study area are examined, it is found that the probability of flooding in the Mezitli basin is much higher than the
Müftü basin. Considering the hypsometric integral values of the basins, it is seen that the Müftü basin is in the
youth phase and very sensitive to erosion, and the Mezitli basin is in the equilibrium phase and erosional
processes are relatively slow.
Keywords: Müftü River, Mezitli River, Morphometric Analysis, Geographic Information System, Mersin.
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ÖZET
Dünya nüfusunun ve insan ihtiyaçlarının hızlı büyümesi nedeniyle enerji tüketimi her geçen gün artmaktadır.
Bu nedenle, araştırmacılar fosil yakıtlara alternatif olarak yeni enerji kaynaklarına odaklanmışlardır.
Günümüzde biyodizel en gelişmiş alternatif enerji kaynaklarından biridir. Çeşitli avantajlarına rağmen,
üretimde kullanılan hammaddelerin yüksek maliyete neden olması biyodizelin diğer yakıtlarla rekabet
edememesine yol açmaktadır. Bu nedenle, son zamanlarda biyodizel üretim maliyetini azaltmak için birçok
çalışma yapılmıştır. Bu çalışmada, gıda işleme endüstrisi atıksularından biyodizel üretiminde kullanılmak
üzere tek hücre yağının fungal eldesi araştırılmıştır. Gıda işleme endüstrisi atıksuları, Mucor circinelloides
fungusunun büyümesi için herhangi bir ön işlem yapılmadan düşük maliyetli bir substrat olarak kullanılmıştır.
Bu amaçla, fungal sporlar, gıda işleme sanayi atık sularına inoküle edilmiş ve 7 gün 30 0C’de inkübe
edilmiştir. İnkübasyonun sonunda, atık sudan fungus biyokütlesi filtre edilmiş ve biyokütle fungal yağ eldesi
ekstrasyonuna tabi tutulmuştur. Çalışma sonucunda, M. circinelloides fungusunun kuru biyokütlesinin
yaklaşık %9'u kadar fungal yağ elde edilmiştir. Biyokütle verimi, bu atık suyun, M. circinelloides'i
yetiştirmek için iyi bir substrat olduğunu göstermiştir.
Anahtar Kelimeler:Biyodizel, Biyoyakıt, Gıda Endüstrisi, Mucor circinelloides, Tek Hücre Yağı.
* Corresponding author
1. GİRİŞ
Yirmi birinci yüzyılın en büyük problemlerinin
başında fosil yakıt rezervlerinin hızlı azalışı ve
çevre problemlerinin artışı gelmektedir. Bu
problemler nedeni ile son yıllarda yenilenebilir
alternatif enerji kaynaklarının arayışı da artmıştır
[1,2]. Fosil yakıtlara alternatif olan yenilenebilir
enerji kaynaklarının, doğal olmalarının yanı sıra,
ülkelerin enerji ithalatında dışa bağımlılığı azalttığı
ve
istihdamın
artışına
katkı
sağladığı
düşünülmektedir.
Son
zamanlarda,
yenilenebilir
enerji
kaynaklarından biyoyakıtlar alternatif yakıt
kaynağı olarak dikkat çekmektedirler. Biyoyakıt
üretiminin,
enerji
bağımsızlığı,
seragazı
emisyonlarını
azaltma
ve
ekonomik
sürdürülebilirlik
gibi
birçok
avantajı
bulunmaktadır [1,3-7].
Bir biyoyakıt türü olan biyodizel ise çeşitli
bitkisel
veya
hayvansal
yağlardan
elde
edilebilmektedir [8]. Ancak bu, gıda kaynaklarının
insani tüketim dışında kullanımı nedeniyle daha da
azalması anlamına gelmektedir [9-12]. Diğer
yandan, mikroorganizmalardan elde edilen
(mikrobiyal) lipitlerin yağ asidi profilinin
geleneksel bitkisel yağlara oldukça benzer özellik
gösterdiği bilinmekedir. Bu nedenle son
zamanlardaki araştırmalar biyodizel üretimi için
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mikrobiyal yağların kullanılmasına odaklanmış
durumdadır.
Mikrobiyal yağlar, biyokütlelerinde %20' den
fazla lipit biriktirme kapasitesine sahip bakteri,
maya, filamentli fungus ve alg gibi (yağlı)
mikroorganizmalardan elde edilmektedirler [13].
Yağlı mikroorganizmaların kıtlık koşullarında
biriktirdiği lipitlerin transesterifikasyonu ile de
biyoyakıt
üretilmektedir.
Yağlı
mikroorganizmalardan filamentli fungusların ise
diğer yağlı mikroorganizmalara göre birçok
avantajı olduğu düşünülmektedir [14]. Çünkü
filamentli
morfolojileri
sayesinde
fungal
biyokütlenin hasat edilmesi mikroalg ve maya
hücrelerine oranla daha kolay olmaktadır.
Filamentli fungus biyokütlesi sonuç olarak daha
yüksek olası üretkenliği sağlayabilecek şekilde
yüksek yoğunluklarda üreyebilmekte [15,16] ve
kaba filtrasyon ve basit süzme işlemleri ile sıvı
besi yerinden kolaylıkla ayrılabilmektedir. Böylece
ayırma işlemi ekonomik olarak avantaj
sağlamaktadır. Mevcut üretim sistemlerinde,
ayırma işlemi için hala santrifüj yöntemi
kullanılmakta ve farklı teknolojiler de geliştirilme
aşamasındadır. Alglerden ve mayalardan yakıt
üretiminin en önemli dezavantajı da ayırma
maliyetidir. Ayrıca, daha geniş bir perspektifle
değerlendirildiğinde, fungal yağlardan üretilen
biyodizel, mevsimsel ve iklimsel şartlardan, ürün
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veriminden ve büyük tarım arazileri gibi
gereksinimlerden bağımsız olarak yenilenebilirlik,
hızlı büyüme oranı ve düşük maliyet olanağı gibi
bazı önemli avantajlara sahiptir[17,18]. Bu
nedenlerle fungal yağlar sürdürülebilir biyodizel
endüstrisi için önemli bir hammadde olarak
görülmektedir [19-21].
Filamentli fungusların ürettiği lipitler tek hücre
yağı (Single Cell Oil, SCO) olarak da
tanımlanmaktadır. Tek hücre yağları, esas olarak
mikroorganizmaların triasilgliserollerini temsil
etmektedirler. Çeşitli filamentli fungus türleri
önemli miktarlarda, hücre içlerinde tek hücre yağı
üretebilmektedirler [22]. Bu yağ üretimi, kültür
ortamına ilave besin ve/veya büyüme sırasında
kültür koşullarının değiştirilmesi ile optimize
edilebilmektedir [23,24]. Literatürde, Aspergillus
terreus [25,26], Mortirella isabellina [27],
Mortierella alpina [28], Mucor circinelloides [2937] fungus türleri, tek hücre yağlarının üretiminde
yoğun olarak kullanılmaktadır. Yağ üreten
funguslar arasında, Mucor cinsi, miselyumlarında
yüksek seviyelerde triasilgliserol biriktirebilmeleri
nedeni ile büyük bir biyoteknolojik öneme
sahiptirler [38]. Tek hücre yağı üreten Mucor cinsi
funguslar ile ilgili olarak, literatürde daha önce
yapılmış birkaç çalışmada, Mucor circinelloides’
in, biyodizel elde etmek için alternatif
hammaddeler olarak kullanılabilecek çoklu
doymamış yağ asitleri bakımından zengin lipitleri
üretebildikleri rapor edilmiştir [39, 40]. Ayrıca,
Mucor circinelloides’in biyokütlesinde (% 20-25
kuru
kütle)
yüksek
seviyede
lipit
depolayabilmesinin yanı sıra [41], gamma-linoleik
asit [24] gibi besin değeri yüksek biyokimyasalları
da sentezleyebilmektedir [2]. Ayrıca, Mucor
circinelloides ABD Enerji Bakanlığı tarafından
olası lipit üreticisi olarak seçilen özel bir tür olarak
karşımıza çıkmaktadır [43].
Diğer yandan, gıda endüstrisi önemli miktarda
düşük değerli yan ürün, atık ve atık suların ortaya
çıkmasına neden olmaktadır. Ekipman yıkaması
sonrasında ortaya çıkan atık sular flamentli
fungusların üremesi için özellikle yüksek seviyede
şeker ve diğer ayrışabilir substratlar içermektedir.
Bu nedenlerle bu çalışmada, ucuz karbon kaynağı
olması nedeni ile gıda endüstrisi atıksularında,
geliştirilen Mucor circinelloides filamentli
fungusundan lipit üretimi araştırılmıştır.
2. MATERYAL VE METOT
2.1. Atıksu temini ve analizleri
Çalışmada, fungal yağ üretiminde subsrat
olarak
gıda
işleme
endüstrisi
atıksuyu
kullanılmıştır. Atıksu, Mersin İlinde bulunan
Anadolu Etap Tarım ve Gıda Ürünleri San. ve Tic.
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A.Ş.’den temin edilmiştir. Temin edilen atıksuyun
karakterizasyon çalışmalarının yapılması amacı ile
Kimyasal Oksijen İhtiyacı (KOİ), pH, iletkenlik ve
Toplam Azot (TN) analizleri gerçekleştirilmiştir.
TN analizleri, Hach marka LCK138 1-16 mg/L
aralığında ölçüm değerine sahip azot kitleri ile;
KOİ ise LCK514 100-2000 mg/L aralığında ölçüm
değerine sahip kitler ile gerçekleştirilmiştir. Analiz
sonuçları Tablo 1’de gösterilmektedir.
Tablo 1. Atıksu karakterizasyon analizi sonuçları
Kimyasal Oksijen
İhtiyacı (KOİ, mg/L)

16520

Toplam Azot (TN, mg/L)

1130

pH
Karbon/Azot (C/N)

6,17
100/6,95

2.2. Fungus kültürlerinin yenilenmesi ve
inokülasyonu
Gliserin içinde +4 0C’de muhafaza edilen M.
circinelloides Patates Dekstroz Agar (PDA)
içeriğine sahip sterilize edilmiş petri kaplarına
ekilmiş ve 31 0C’de 15 gün süre ile inkübe
edilmiştir.
Fungusun katı kültüründen yaklaşık 1 cm2
olacak şekilde kesilerek alınan agar parçaları,
sterilize edilmiş 250 mL’lik Yeast Malt Broth
içeren erlenlere aşılanmıştır Erlenler, 310C ve 150
rpm’de orbital çalkalamalı inkübatörde 7 gün süre
ile inkübe edilmiştir.
Yedi günlük inkübasyon süresinin sonunda
erlenler içerisinde M. circinelloides biyokütlesi
steril şartlarda filtrasyon ile sıvı fazdan ayrılmış ve
yıkanan
fungus
biyokütlesi
yağ
eldesi
çalışmalarında kullanılmak üzere steril şartlarda, el
tipi doku homojenizatöründe 13500 rpm’de 30 sn
boyunca homojenize edilmiştir.
2.3. Kuru Fungal biyotkütle tayini
Çalışmalarda kullanılan homojenize edilmiş
fungusun misel süspansiyonunun 1 mL’sin de
bulunan biyokütlesinin belirlenmesi amacıyla
darası alınmış kaplara 3 tekrar olmak üzere 1 mL
misel süspansiyonu eklenmiştir. Tartım kapları 80
0
C’de 24 saat süre ile inkübe edilmiş, bu sürenin
sonunda 30 dakika süre ile desikatörde bekletilmiş
ve hassas terazide tartımları yapılmıştır. Tartım
sonucunda 1 mL misel süspansiyonun içerdiği
fungusun kuru biyokütlesi belirlenmiştir.
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Kuru fungal biyokütlenin tayini çalışmaları
sonucunda 1 mL homojenize edilmiş misel
süspansiyonunun 0,1195 g kuru fungal biyokütle
(11,95 mg kuru kütle/mL M. circinelloides)
içerdiği tespit edilmiştir.
2.4. Fungal yağ eldesi
Gıda işleme atıksuyundan M. circinelloides
yardımı ile fungal yağ elde edilmesi amacı ile
karakterizasyon analizleri yapılan atıksu 250
mL’lik erlenlerde 100 mL olacak şekilde
doldurulmuş ve 120 0C’de 15 dk boyunca steril
edilmiştir. Homojenize edilmiş M. circinelloides
biyokütlesi ise (10 mL) 100 mL steril atıksu içeren
250 mL’lik erlene aşılanmıştır. Aşılama sonrasında,
bu içerikler 1 hafta süre ile yağ oluşumunun
gerçekleşmesi amacı ile 100 rpm’de 31 0C’de
çalkalamalı inkübatörde inkübe edilmiştir.
İnkübasyon süresi sonunda, atıksu içerisinde
gelişen fungal biyokütle atıksu kısmından
filtrasyon ile ayrılıp, 2 kez su ile yıkandıktan sonra
1 gün boyunca 60 0C’de inkübe edilmiştir.
Kurutulmuş fungus kütlesinden 1 g tartılmış ve bir
beher içerisine konmuştur. Ardından daha önceden
sabit tartıma getirilmiş beher içerisine 20 mL
toluen/metanol (1:1, v/v) çözücüleri ilave edilerek
çalkalanmıştır.
Çalkalamanın ardından içerik whatman No:1
filtre kağıdı ile filtre edilmiştir. Filtrasyon sonunda
filtre kağıdı toulen ile yıkanmış ve bu işlemden
elde edilen sıvı da toluen ve metanol organik
çözücüleri uçucu hale gelene kadar 60 0C’ de
etüvde bekletilmiştir.
Organik çözücülerin uçucu hale gelmesinin
ardından beherler 30 dakika desikatörde
bekletilmiş ve tartımları yapılmıştır. Ekstraksiyon
çalışmaları sonucunda elde edilen fungal yağın
ortalama kütleleri Tablo 2’ de gösterilmektedir.
Tablo 2. Ekstraksiyon çalışmaları sonuncunda elde
edilen fungal yağın ortalama kütleleri

Beher darası
(g)

60 0C’de
1 günlük
inkübasyonun
sonunda tartım (g)

Net Kütle (g)

59,6422

59,6945

0,1523

60,4813

60,5340

0,0527

59,3490

59,4047

0,0557

Ortalama

0,0869 g

Buna göre çalışma sonucunda, C/N oranı 100/7
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olan gıda işleme atıksuyunda M. circinelloides
ile %8,69 fungal yağ elde edilmiştir.
3. SONUÇLAR VE TARTIŞMA
Tek hücre yağlarının ticari olarak kullanımı
diğer yağlara göre ekonomik olması halinde önem
kazanmaktadır. Mikrobiyal ürünün ekonomik
olması ancak substrat maliyetinin ucuz ve sürekli
olması
ile
mümkün
olabilmektedir.
Mikroorganizmalarda
yağ
birikimi,
mikroorganizmanın gelişmesi için gerekli olan bir
besin
maddesi
tükendiği
ve
ortamda
kullanılabilecek fazla miktarda karbon bulunduğu
zaman gerçekleşmektedir. Tek hücre yağı
üretiminde
yararlanılabilecek
yağ
üreten
mikroorganizma sayısı çok fazladır. Bu çalışmada
asıl amaç; substrat olarak kullanılan düşük
maliyetli gıda işleme sanayi atık sularında, Mucor
circinelloides'in lipit üretiminin sağlanmasıdır.
Substratın maliyet etkin seçilmesi, çalışmanın
ekonomik yönünün önemini göstermektedir. Yağ
içeriği,
M.
circinelloides'in
kurutulmuş
biyokütlenin yaklaşık % 9'u olarak elde edilmiştir.
Ayrıca, çalışmada hem atıksu arıtımının hem de
fungal biyokütle eldesinin eş zamanlı olarak
gerçekleştirilebileceği görülmüştür. Biyokütle
verimi, bu atık suyun, M. circinelloides'i
yetiştirmek için iyi bir substrat olduğunu
göstermektedir.
Yağ verimi, literatürdeki diğer substratlar’dan
daha düşük olmasına rağmen, gıda işleme
atıksuyu’nun, kullanılabilirlik ve düşük maliyeti
nedeniyle tek hücre yağı üretmek için iyi bir
alternatif olduğu belirlenmiştir. Çalışma pilot
ölçekte
geliştirilerek endüstriyel
ölçeklere
taşınabilecek niteliktedir.
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ABSTRACT
Occupational safety and health involve working conditions in which certain measures and activities are taken to protect the life
and health of employees and other people. Due to legal requirements, occupational health and safety studies are increasing

day by day in industries and enterprises. However, these studies still cannot reach a sufficient level in public institutions and
schools. Universities and especially university laboratories are one of the work areas that contain important risks in terms of the
occupational health and safety for employees and many students. The activities carried out in these laboratories have a number
of risks including chemical, biological, physical, electrical hazards and fire risks and these must be managed. Recently, lab
accidents that have resulted in fatalities, severe injuries and financial losses have risen in the world. Therefore, there is an urgent
need to risk management practices within academic lab. For this purpose, this study has been performed to evaluate the impacts of
the occupational risks on health of Mersin University Department of Environmental Engineering laboratories. In total, 20
laboratories including 16 small research laboratories and 4 large laboratories risk analysis were applied to KINNEY risk matrix
method. As a result, it has been estimated that the Department of Environmental Engineering Laboratories for occupational safety
and health, environmental protection and fire protection is a place with an increased risk for employees and students.
Keywords: KINNEY, Mersin University, Occupational safety and health, Risk assessment.

“Risk management” is the identification,
assessment, and prioritization of risks followed by
coordinated and economical application of resources
to minimize, monitor, and control the probability
and/or impact of unfortunate events or to maximize
the realization of opportunities [7]. According to the
ISO 27000 definition, “risk analysis” is the process of
comprehending the nature of risk and to determine the
level of risk [8]. For determine the level of risk,
Health and Safety Executive (HSE) (2014)
recommended 5 steps: (1) identify the hazards; (2)
decide who might be harmed and how; (3) evaluate
the risks and decide on precautions; (4) record
significant findings; and (5) review the assessment
and update if necessary [9]. The most important step
in this process is evaluating initial risk.
Many qualitative, quantitative and combined risk
assessment methods were developed for risk
assessment. Generally, used OHS risk assessment
methods include the decision matrix method, Fine–
Kinney, hazard and operability (HAZOP) studies,
fault tree analysis (FTA), failure mode and effect
analysis (FMEA), event tree analysis (ETA), human
reliability assessment (HRA), preliminary hazard
analysis (PHA), check-lists and what-if analysis[10,
11, 12, 13, 14] .The Fine–Kinney method is a
comprehensive method for quantitative evaluations of
the hazards [14].
Laboratories are used in many University
disciplines. They can be defined as places of

1. INTRODUCTION
“Occupational health and safety” (OHS) is
generally defined as the science of the anticipation,
recognition, evaluation and control of hazards arising
in or from the workplace that could impair the health
and well-being of workers, taking into account the
possible impact on the surrounding communities and
the general environment [1]. In 2016, TUISAG
(Community of Occupational Health and Safety
Professionals in Turkey) reported that 286,068
workers had an accident at workplace or occupational
disease and 1405 workers had a fatal accident at work
in Turkey [2]. International Labour Organization
(ILO, 2016) expressed that 6300 people died
worldwide due to work-related diseases or accidents
per day and 317 million accidents occur annually.
These numbers demonstrate the importance of
implementing any occupational health and safety
management system [3].
Occupational accidents in particular represent one
of the major sources of risk today. There are many
definitions of “risks”. According to Loudon and
Loudon (1991) [4] risk is taken to be a negative
outcome that has a known or estimated probability of
occurrence based on experience or some theory. Also,
Risk is defined in ISO31000 as the effect is deviation
from the expected, whether positive or negative [5]. A
formal expression, risk indicates the potential result of
the security issues’s probability and consequences [6].
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Table 1. Consequence ratings [13, 14, 16]

specialized research, teaching and or learning in
which hazards to human health can arise from
inappropriate situations and or behaviors. In recent
years, unfortunate high-profile catastrophic laboratory
accidents became more common for universities over
the world. University and research laboratories of
process safety hazard have led to financial losses,
property damage, environmental disasters, injuries
and, fatalities. Therefore, universities have been
focused implementing a risk management system. In
this study, risk analysis was performed for
Department
of
Environmental
Engineering
laboratories, Faculty of Engineering, Mersin
University, Mersin, Turkey. Also, Fine-Kinney
Method was used for risk analysis.

Consequence of undesirable event

100

Catastrophic (many fatalities)

40

Disaster (few fatalities)

15

Very serious (fatality)

7

Serious (serious injury)

3

Important (disability)

1

Noticeable (minor first aid accident)

In this formula, P refers to probability and is ranked
ranging from 0.1 - virtually impossible, to 10 –
predictable. [17]. Also, Fine (1971) defined P that once
the hazard event occurs; the complete accident sequence
of events will follow with the necessary timing and
coincidence to result in the accident and consequences.
Classifications of ratings are given in Table 2 [14].

2. MATERIALS AND METHODS

Table 2. Probability ratings [13, 14, 16]

Environmental Engineering Department was
founded on 1993 and started its education activities
since that day. It has two student (teaching)
laboratories and two general research laboratories. In
addition, there are research laboratories such as
Instrumental
Analysis,
Atomic
Absorption
Spectrophotometer
(AAS),
Environmental
Biotechnology, Environmental Microbiology, Soil
Pollution Control, Inorganic Solid Waste, Industrial
Wastewater, Environmental Toxicology, Ecology,
High Pressure Liquid Chromatography (HPLC),
Spectrophotometer, Gas Chromatography (GC),
Geographical Information Systems, Air Pollution
Control laboratories. In total, there are 20 laboratories
including 16 small research laboratories and 4 large
laboratories. These laboratories risk analysis were
applied to KINNEY method.
The Fine–Kinney method was developed in 1976 as
a quantitative risk evaluation tool to control
hazards. Risk assessment is the product of three
dimensions [15]; the probability of an accident or
damage; the severity of consequences for an employee
in case of dangers and hazards; frequency of occurrence
of dangers and hazards. Evaluation of risk is performed
by the formula;
𝑅 = 𝐶𝑥𝐸𝑥𝑃

Value

Value

Probability of undesirable event

10

Might well be expected

6

Quite possible

3

Unusual but possible

1

Only remotely possible

0.5

Conceivable but very unlikely

0.2

Practically impossible

0.1

Virtually impossible

The parameter E is described as the frequency of the
occurrence of a hazard event. Classifications of the
ratings are as given in Table 3.
Table 3. Exposure ratings [13, 14, 16]

(1)

The parameter C is described as the most likely result
of a potential accident, including injuries and property
damage This is based upon an appraisal of the entire
situation surrounding the hazard and accident
experience [14]. The ratings are expressed under six
classes as presented in Table 1. C is ranked ranging
from 1 to 10 and that is considered catastrophic [17].

Value

Exposure of undesirable event

10

Continuous

6

Frequent (daily)

3

Occasional (weekly)

2

Unusual (monthly)

1

Rare (a few per year)

0.5

Very rare (yearly)

First, probability, consequences
and ratings are
determined. Table 4 gives a tabular presentation risk
assessment. The risk scores are given numerically as
product of these three factors. Then, the risk values are
obtained. The value obtained allows us to frame the
risks into five level of risk, according to Table 5.
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Table 4. Table of risk assessment [17]
Evaluation of risk
Identified risk or
harm

P

C

E

R

Table 5. Description of risk classification [17]
Total Rating
0,1 – 20
21 – 70

Level of
Risk
RI
R II

The classification of the
Level of Risk
Negligible risk
Low risk

71 – 200

R III

Medium risk

201–400

R IV

High risk

Over 400

RV

Extreme risk

Description of the classification level of risk
No action is required.
There is no need for additional activities in the management of
the operation. More cost-effective solution or improvement
without additional investment should be considered. It is
necessary to monitor the situation in order to obtain
information on the implementation of prescribed activities.
Efforts are needed to reduce the risk or cost of prevention.
Costs must be carefully planned and limited to a certain level.
It is necessary to define a deadline for the implementation of
improvement. For those events which may have extremely
dangerous consequences, it is necessary to further examine the
probability of occurrence of such an event so as to define the
required level of activity and to mitigate risks.
An activity cannot start unless the level of risk is reduced.
Additional resources may be required in order to reduce risks.
Considerable resources may be required, in order to reduce the
risk. If the risk applies to all started activities, it is necessary to
take urgent action to reduce the level of risk.
The operation cannot be started nor continued until the risk is
reduced. It is not possible to reduce the risk by additional
investments, and therefore the activity should stay idle

3. RESULTS AND DISCUSSIONS
The risk classifications obtained by the Kinney
method based on the activities performed in Department
of Environmental Engineering laboratories are shown in

Table 6. Also, corrective and preventive actions for
reduce or eliminate the risk levels of these activities are
also shown in the same table.

Table 6. Risk analysis table of Department of Environmental Engineering laboratories
Activity

Identified risk
or harm

P

E

C

R

Gas leak in the
fume hood

Body injuring
Death
Gas poisoning

6

6

15

540

Extreme Risk

Unlocked
Electrical Panel

Electrical shock
Burns
Fire
Body injuring
Death
Poisoning

10

2

15

300

High Risk

3

1

40

120

Medium Risk

Disease
Death

3

1

15

45

Low Risk

Storage of
Chemicals in a
single room
without
classification
Waste Petri Dishes
in the bin

Classification
of Risk Level
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Corrective Action/Preventive Action
Plan
There must be fire extinguisher and gas
alarm system around the fume hood. Also,
instructions for usage of the fume hood
should be prepared and hanged.
Responsible person must be assigned,
panel must be lock, and insulating matting
must be use.
Classification of chemicals (flammable,
corrosive etc.) must be done and stored
separately.

Waste petri dishes must be accumulate
separately with other wastes and sterilize
in autoclave.
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Non-usage of
protective
equipment
Inward opening
doors
No hygiene

The lack of
warning signs
Wastewater
samples are in the
open area without
protection
Waste food and
drink packaging in
the garbage

Body injuring
Death
Poisoning
Body injuring
Death
Poisoning
Disease
Death

10

6

7

420

Extreme Risk

6

1

100

600

Extreme Risk

10

6

7

420

Extreme Risk

Body injuring
Death
Poisoning
Contamination
Disease
Death

6

6

3

108

Medium Risk

3

10

15

450

Extreme Risk

Contamination
Disease
Death

1

10

15

150

Medium Risk

The analysis shows that classification of risk level for
five activities were given RV. Also, RIV and RIII were
given for 1 and 3 activities, respectively. Results of the
risk analysis showed that these laboratories have
generally ‘extreme risks’ threatening human health and
life and these risks should be included in the action plan
as soon as possible and monitored continuously. In
addition, it has been determined that occupational health
and safety training was insufficient for personnel and
students, and periodic checks and maintenance were not
performed. Also, it estimated that the Department of
Environmental
Engineering
Laboratories
for
occupational safety and health, environmental
protection and fire protection is a place with an
increased risk for employees and students.

Alli B. O., Fundamental
Occupational
Health
And
Switzerland:, ILO Publications.

Creation of a partition where the samples
will be stored in appropriate special
storage conditions, and forming a sample
information form by labeling.
It must be forbidden to eating and
drinking in the laboratory and the warning
signs must be hanged.
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ABSTRACT

The area of our country where the Mediterranean is located, Mersin Bay is exposed to pollution allowing for increased
population, industrial activities, agricultural activities and harbor traffic.As a result of these activities, pollutants reaching the
marine environment accumulate in the aquatic ecosystem and reach high concentrations. In the marine ecosystem, the spread
of pollutants, in particular, passes into the food chain and thus the food web. Macro algal species which are distributed in the
region and reproduced naturally are used as suitable indicator organisms in the environmental pollution of the environment
by trapping the pollutants in the water bodies.
In this study, heavy metal accumulation levels such as iron, cadmium, zinc, lead and copper were investigated in the
specimens belonging to Ulva rigida species collected in four different stations determined in the coastal area of the Mersin
Gulf. For this purpose, Fe, Cu, Pb, Zn and Cd levels were measured spectrophotometrically (ICP-MS) in macroalgae
samples.It was determined that Fe> Zn> Cu> Pb> Cd with the order of heavy metal accumulation as a result of the studies
made on Ulva rigida species.
Keywords: Heavy metals, Macroalgae, Bioaccumulation, Mersin Gulf, Ulva rigida

1.

is a member of the Chlorophyceae with high biomass.
Ulva spp., also known as marine marlin, continues its
vitality in areas where pollution is intense in marine areas
(Topcuoğlu vd., 2003).
In this study, we tried to determine the seasonal
changes of some of the macroalga species distributed in
Mersin Bay by analyzing heavy metal contents of Ulva
rigida. Main sources of contamination of the Mersin
Gulf, which has an important place in the Mediterranean,
are thought to be caused by domestic wastes, pesticides
and synthetic fertilizers that can be used in agricultural
activities, industrial establishments and harbor activities.
The presence of major industrial establishments such as
glass, soda and oil refineries as well as fertilizer,
chromium compounds and plastics production operating
in the region can be shown as the reasons for the
pollution (Kalay vd., 2004).

INTRODUCTION

Increasing pollution load with the increase of
industrial activities; it affects nature and people
negatively. Waste materials produced in the realization of
vital activities and containing different contents which
are later released after consumption are left uncontrolled
to the environment and as a result the environment
causes pollution of living areas (Sunlu, 1994). The water
environment that makes up the majority of the world is
the receiving zone for wastewater and many pollutants
(Yarsan vd., 2000; Kayhan, 2006).
Metals are naturally exposed to aquatic
environments by erosion of rocks, filtration from soil,
and volcanic activity. At the same time, mining activities,
fossil fuel use, maritime activities, urban and industrial
activities reach the aquatic environment with the release
of wastes as a result (Lobban ve Harrison, 1997;
Kennish,1998).
Macroalgs, which can easily absorb metals
dissolved in the sea, accumulate these metals in their
structures and thus the indicator is evaluated as alive
(Fytianos vd., 1999; Mohamed ve Khaled, 2005).
Macroalgae such as Fucus, Enteromorpha, Laminaria
and Ulva from indicator species are often used in the
determination of heavy metal concentrations in marine
environments (Fytianos vd., 1999).
The species
belonging to the genus Ulva are known to be a good
indicator because they can easily collect and accumulate
most metals (Haritonidis ve Malea, 1994).
Ulva spp. like other macroalga species, is
intensely observed in the marine areas of our country and

1.2. Heavy Metal Studies on Makroalga
Olgunoglu (2008) has carried out a study on
accumulation of heavy metals such as Pb, Zn, Fe, Cd and
Cu in Macroalg samples collected from the Eastern
Mediterranean on the shores of the Iskenderun Gulf at
three different stations.Gerçekleştirilen bu araştırmada
makroalg örnekleri bünyesinde biriken ağır metallerin
derişim sırasının Fe > Zn > Pb >Cu > Cd olduğu
belirtilmiştir.
Alp et al. (2012), a study has been carried out
to determine the accumulation levels of heavy metals in
macroalg samples detected in four different stations used
as beaches in summer in Mersin province. In this study,
they have investigated heavy metal concentrations(Ulva

147

Cilicia International Symposium on Engineering and Technology (CISET2018)
Mersin University Engineering Faculty, 26-27 October 2018, Mersin, TURKEY

sp. veEnteromorpha sp.) of Mn, Al, Cr, Ni, Fe, Cu, Zn,
Cd and Pb. As a result of the study; Ulva sp. Heavy
metal accumulation levels were reported to be Fe> Al>
Mn> Ni> Zn> Cr> Cu> Pb> Cd respectively.
Özden and Tunçer (2015) have been reported
that Ulva rigida is consumed in the different regions of
the world as being beneficial to human health, and also a
good bioindicator in the measurement of metal pollution.
In this study heavy metal levels were
investigated in Ulva rigida specimens taken from two
different stations determined between 2015-2016 on the
coast of Mersin Province.

of a disintegrator. The blister was then placed in labeled
polyethylene bags and stored in the refrigerator until
analysis.
After pretreatment, 1 ml of H2O2 and 4 ml of
water (1 mL of HCl and 3 mL of HNO3) were added to
the 0.5 g samples from Ulva rigida samples. The samples
taken into the tubes belonging to the microwave device
have been solubilized. The samples were treated with
acid and lysed. It is dissolved in a microwave device so
that it can be analyzed after shredding. The disassembly
with the microwave device provides a significant
advantage as it takes place in as little as 20 minutes. The
solubilized samples were diluted to 50 mL with ultra
distilled water. After labeling, the ICP-MS was kept
under conditions suitable for heavy metal reading.
Macroalgae samples, which are ready to be
analyzed, have been assigned to heavy metal levels after
moving to Mersin University Advanced Technology
Education, Research and Application Center.

2. MATERIALS AND METHODS
The study was carried out in four different
locations determined from the Mediterranean Region of
Karaduvar Fisherman's Bar in Mersin Province and the
Viranşehir Coastal Offshore Facilities in Mezitli District
between July 2015 and July 2016. The information on
the stations where fishery and industrial activities are
thought to be concentrated in heavy metal pollution and
stations that are considered to be less concentrated are
given below.

3. RESULTS
In this study, Macroalg samples were collected
from 4 different points determined between Karaduvar
Fisherman's Shelter and Viranşehir Taşkıran Facility.
Six different macroalga species were found in
four different strains: Enteromorpha flexuosa, Hypnea
musciformis, Scytosiphon lomentaria, Taonia atomaria,
Ulva linza and Ulva rigida. Sample collection studies
continued throughout the year, but macroalga species
were not found between August 2015 and January 2016
(Tablo 3.1). After collecting the samples, it was
determined that the most collected macroalga species in
the laboratory were Ulva rigida.

Tablo 2.1.Coordinates of the stations collected
Koordinat (E)

36°46'21.53"N

34°34'23.00"E

36°44'18.47"N

Tablo3.1. Macroalg detection status at stations
Stations

34°32'28.02"E

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Şekil. 2.1. Mersin Gulf Sampling Stations
Macroalg samples were checked and collected
on a monthly basis during the study to ensure that the
heavy metal accumulation can be determined in a timely
manner.Specimens collected from the designated stations
were labeled with polyethylene bags and transported to
the laboratory for genetic diagnosis.
Macroalg specimens carried on the laboratory
were washed with pure water and free from foreign
bodies that could affect the results of sand and other
work on their surfaces, leaving them to natural dryness.
Then the sample was dried at 70ºC for 2 hours. After the
drying process is completed, it is pulverized with the aid

04.2015
05.2015
06.2015
07.2015
08.2015
09.2015
10.2015
11.2015
01.2016
01.2016
02.2016
03.2016
04.2016
05.2016

UL
UL
UL
HM
-

UR, HM, SL
UR
UR
UR, UL, HM
-

UR
EF
UR, HM
UR. HM
-

Taşkıran

34°37'46.44"E

Fenerbahçe
Meydanı

36°47'20.03"N

Çamlıbel

34°41'36.68"E

Karaduvar

36°48'18.76"N

Date

Karaduvar
Balıkçı
Barınağı
Çamlıbel Yat
Limanı
Fenerbahçe
Meydanı
Viranşehir
Taşkıran
Tesisi

Koordinat (N)

Number

İstasyon Adı

UL, HM
EF
EF, UL
UL, EF
UL, EF

EF
(Enteromorpha
flexuosa),
HM
(Hypnea
musciformis), SL (Scytosiphon lomentaria), TA (Taonia
atomaria), UL (Ulva linza), UR (Ulva rigida), (-) Not
detected.
Heavy metal accumulation such as Fe, Pb, Cu,
Zn and Cd in Ulva rigida species have been investigated.
Ulva rigida species were observed only at Çamlıbel and
Fenerbahçe Square stations. For Ulva rigida species
samples could be collected at Çamlıbel station in March
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2015, but macroalg could not be detected at Fenerbahçe
Square station.

When the accumulation of Cd in Ulva rigida is
examined, it is seen that Fenerbahçe Square is the station
where heavy metal accumulation is most concentrated.It
has been found that the accumulation of Cd in Ulva
rigida samples collected at Çamlıbel and Fenerbahçe
Square stations showed similar values.
It has been found that the accumulation of
heavy metals in Ulva rigida species in the years between
2015 and 2016 is followed by Fe> Zn> Pb> Cu> Cd in
Mersin Çamlıbel and Fenerbahçe Square stations.

Tablo 3.2. Heavy metal accumulations of Ulva rigida at
Çamlıbel and Fenerbahçe Square Stations (μg/g KA)

Metal
(ppm)

Stations
Çamlıbel

Fe

Pb
Cu
Zn
Cd

Fenerbahçe
Meydanı
Çamlıbel
Fenerbahçe
Meydanı
Çamlıbel
Fenerbahçe
Meydanı
Çamlıbel
Fenerbahçe
Meydanı
Çamlıbel
Fenerbahçe
Meydanı

Sample Collection Dates
2015.4

2015.7

657,30

579,54

-

2016.3
2842,1
4

2016.4

1549,38

400,26

305,87

13,39

6,73

11,44

5,98

535,39

-

6,91

10,96

2,72

7,01

5,76

18,04

1,81

-

2,77

8,36

5,47

100,57

114,84

8,45

3,74

-

80,21

21,67

53,35

1,77

1,63

1,68

0,96

-

1,75

1,93

0,23

4.DISCUSSION
Macroalg species are known to accumulate in
heavy metals bodies and can be used for pollution
detection due to these reasons. It has been reported that
the formation of some metals (Fe, Zn, Pb) in macroalgae
at high level is primarily due to the high accumulation of
metal in the working area and secondly the high
absorption capacity of these metals in algae (Haritonidis
ve Malea, 1999).
Macroalg species were collected in 4 different
regions of the Mersin Gulf. It has been determined that
the collected species belong to 6 different macroalga
species.The accumulation of Fe, Cu, Zn, Pb and Cd in
heavy metal varieties of Ulva rigida of Ulva
genus(Özden ve Tunçer, 2015; Haritonidis ve Malea,
1994) which is reported to be a good bioindicator in the
detection
of
metal
pollution
has
been
investigated.Although the study was planned for four
different stations, Ulva rigida was only found at
Çamlıbel and Fenerbahçe Square stations.
It is well known that the Mersin Bay is an area
where oil activities, such as oil filling, fertilizer
production, production of chrome compounds, glass and
soda industry and oil refinery, as well as fisheries and
intensive ship traffic are frequent.It has been determined
that the accumulation values of metals such as Fe, Cu, Pb
and Cd in industrial wastes are high in Ulva rigida which
is developed in the study area due to their high content.
As a result of the direct or indirect interactions
with the pollutant sources in the workplace, the average
accumulation values of heavy metals such as Fe, Zn, Pb,
Cu and Cd for Ulva rigida species were
determined.These values were 858,72 μg / g KA for Fe;
47.85 μg / g KA for Zn; 7.27 μg / g KA for Pb; For Cu
6.15 μg / g KA and for Cd 1.24 μg / g KA.It was
determined that the order of Fe> Zn> Pb> Cu> Cd
according to the determined average accumulation
amounts.
A similar result has been reported in a study
conducted in the area Ulva rigida, where the mining
activities are concentrated in the Chilean northern
center.In the report; for average accumulation, the order
is Fe> Zn> Cu> Cd> Pb (Olivares vd.,2016). When
compared to the heavy metal sequences in Ulva rigida
species, it was determined that the order except Pb metal
is the same.It is thought that the cause of this difference
may be different depending on the pollutants in sampling
areas, seasonal variations and algal species (Fytianos vd.,
1999; Kalesh ve Nair, 2005; Türkmen vd., 2005). When
the accumulations between metals are compared, it is
stated that although the studied fields are different, the
most concentrated accumulation is Fe and accumulates
more than the other metals.

According to research findings, Ulva rigida is
the highest place of Fe accumulation in Çamlıbel station.
The highest metal accumulation [1549,38 μg / g dry
matter (μg / g KA)] at Fenerbahçe Square station in July
2015 and [2842,14 μg / g dry matter (μg / g KA) ] at the
Çamlibel station in March 2016. The lowest Fe
accumulation values for both stations were measured in
April 2016 (Şekil 3.2). It has been determined that the
accumulation of Fe in Ulva rigida samples collected is
1.83 times higher than the Fenerbahçe Square station at
Çamlıbel station.
The results show that the accumulation of Pb in
the Ulva rigida species is higher than the Fenerbahçe
Square station at Çamlıbel station. The highest Pb
accumulation occurred in the samples collected in April
2015.
Pb metal accumulation was highest at Çamlıbel
station in April 2015 (13,39 μg / g KA) and at
Fenerbahçe Square station in April 2016 (10,96 μg / g
KA).It is determined that the accumulation of Pb in the
samples collected at Çamlıbel station is 1.22 times more
than the samples collected at Fenerbahçe Square station.
When the results of Cu accumulation in the
Ulva rigida type are examined, it is determined that the
most intensive history of accumulation is March 2016 in
both stations. It was estimated that the highest
accumulation occurred at Çamlıbel station (18.04 μg / g
KA) was 2.15 times more than the Fenerbahçe Square
station (8.36 μg / g KA).However, the lowest savings
were found to have taken place in April 2016.
When the Zn data of Ulva rigida species are
examined, it is determined that Çamlıbel station is the
station where the heavy metal accumulation is the most
intense. It is found that the accumulation (mean 107.71
μg / g KA) in 2015 is about 17.67 times higher than the
year 2016 (mean 6.10 μg / g KA).It is determined that the
metal accumulation in the samples taken from
Fenerbahçe Square station is below the value determined
in 2015 and the highest accumulation is in July 2015
(80,21 μg / g KA).
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Tablo 4.4.Sequence of heavy metal accumulation in
Ulva rigida species

10,31

0,87

Olivares vd.
2016

7,27

6,15

1,24

Bu
çalışmada

Reference

0,24

47,85

Cd

15,24

858,72

Pb
Cu

1346,14

Fe>Zn>Cu
>Pb>Cd

Zn

Fe>Zn>Cu
>Cd>Pb

Fe

Station

20152016

Ranking

Şili Kuzey
Merkezi

2011

Watched Metals

Mersin
Körfezi

Date

Sampling

reported metal accumulation as Fe> Al> Mn> Ni> Zn>
Cr> Cu> Pb> Cd. It is seen that the sequence of metal
accumulation is similar in this study made in the same
region. However, the values in the study conducted
between 2009 and 2010 were 209,8μg / g KA for iron;
4.6 μg / g KA for zinc; 1.0 μg / g KA for copper; 0.8 μg /
g KA for lead and 0.03 μg / g KA for cadmium have
been reported. Although the sorting is the same, the
metal accumulation is 3-5 for iron; 8-12 for zinc; 4-8 for
copper, 6-12 for lead and 33-50 times for cadmium.
When the values of heavy metal accumulation
obtained by Alp vd from 2009-2010 are examined, it can
be understood that pollution in the marine environment is
increasing.
In this study, it was determined that heavy
metal accumulation as a result of increasing industrial
activities, marine traffic, harbor and fishing activities in
the Mersin Gulf has been significantly increased.

5. CONCLUSION
The heavy metal deposits belonging to the Ulva
rigida species, which are distributed in the Gulf of
Mersin located on the Mediterranean coast of our
country, were also investigated.
As a result of this study, it is also important to
determine the effects of water pollution and climatic
changes.At the same time, it was observed that the heavy
metal values of the Ulva rigida species, which were
collected from 6 different species collected in Mersin
Bay, were Fe> Zn> Pb> Cu> Cd.
Especially because of heavy metal pollution
accumulated in the receiving environment such as soil
and water as a result of industrial and agricultural
activities, natural life is put at great risk.Depending on
the concentration given to the environment and the
sensitivity of their bodies, living things in the receiving
environment will be adversely affected.Sudden deaths
can be encountered, as is the case in many instances, or
there may be major problems in the form of passing
through other foodstuffs (like human beings) through the
food chain.For this reason, it is necessary to prevent the
discharges of all factors, especially the industrial
organizations, which may cause the receiving
environment to increase the heavy metal concentration.

In the study conducted in the Thermaikos Bay
(Greece), the mean dry weight of Ulva rigida was 57.3
μg / g Zn; 97,2 μg / g Fe; 2.2 μg / g Cu; 14.7 μg / g Pb;
1.0 μg / g Cd, and reported that the order of heavy metal
deposits was Fe> Zn> Pb> Cu> Cd. It was determined
that the heavy metal results found in the specimens from
the samples of 1982 were low between 1.02 and 12 times
the metal accumulation in our study (Haritonidis ve
Malea, 1999). It has been determined that the order of
Fe> Zn> Pb> Cu> Cd is in spite of differences in the
amounts of accumulation.
The accumulation of heavy metals such as Fe,
Zn, Cu and Pb in Ulva rigida samples collected from
Özden and Tunçer (2015) Çanakkale Bosphorus were
investigated.It is known that shipyard construction,
maintenance and repair are performed in this area as well
as intensive harbor activities.In the work of Özden and
Tunçer (2015), a dry weight of 10,87 μg / g Fe; 6.53 μg /
g Zn; 0.60 μg / g Cu; 0.15 μg / g Pb and we have found
that Fe> Zn> Pb> Cu in the order of heavy metal
deposits.
Alp et al. (2012) carried out a study on Cu, Al,
Ni, Cr, Zn, Pb, Mn, Cd and Fe in order to determine the
heavy metal levels of the macroscopic green algae they
have accumulated in their bodies in Mersin province. As
a result of these studies; In the case of Ulva species, they

Tablo 4.5.Ulva rigida ve diğer Ulva spp. türlerinde ağır metal birikim seviyeleri( μg/g KA)
Sampling

Metals Watched

References

Date

Location

Ranking

Fe

Zn

Pb

Cu

Cd

1982

Thermaikos Körfezi,

Fe>Zn>Pb>Cu>Cd

97,2

57,3

14,7

2,2

1

Haritonidis ve Malea,
1999.

20092010
20092013
2011
20152016
20152016

Mersin Körfezi

Fe>Zn>Pb>Cu>Cd

209,78

4,59

0,81

1,02

0,03

Alp vd., 2012.

Çanakkale Boğazı

Fe>Zn>Cu>Pb

10,87

6,53

0,15

0,6

-

Şili Kuzey Merkezi

Fe>Zn>Cu>Cd>Pb

1346,14

15,24

0,24

10,31

0,87

Özden ve Tunçer,
2015.
Olivares vd., 2016.

1153,57

56,9

9,39

8,15

1,51

This study

563,88

38,81

5,15

4,15

0,98

This study

Çamlıbel
Fenerbahçe
Meydanı

Fe>Zn>Pb>Cu>Cd
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different functional-form groups.”,Marine Environmental
Research 103 (2015) 18-26.
Mohamed, L. A., Khaled, A., 2005.
“Comparative Study of Heavy Metal Distribution in
Some Coastal Seaweeds of Alexandria, Egypt”,
Chemistry and Ecology, Vol:21, No:3, 181-189.
Olgunoğlu, P. M., 2008. “İskenderun körfezi
kıyısalındaki bazı makroalg türleri ve çökelinde ağır
metal birikimlerinin mevsimsel değişimi”, Çukurova
Üniversitesi, Fen Bilimleri Enstitüsü, Doktora Tezi.
Olivares H.G., Lagos N.M., Gutierrez C.J.,
Kittelsen R.C., Valenzuela G.L., Lillo M.E.H.,
2016.“Assessment Oxidative Stress Biomarkers And
Metal Bioaccumulation in Macroalgae From Coastal
Areas With Mining Activities in Chile”, Environ Monit
Assess (2016) 188: 25 DOI 10.1007/s10661-015-5021-5.
Özden S., Tunçer S.,2006. “Çanakkale
Boğazı’nda Yaşayan Bazı Alg Türlerinde Ağır Metal
Düzeylerinin Birikimlerinin Araştırılması”, 59. Türkiye
Jeoloji Kurultayı Bildiri Özleri Kitabı, 332-333, Ankara.
Özden, S., Tunçer, S., 2015. “Ulva rigida’daki
Ağır Metal (Pb, Cu, Zn ve Fe) Düzeyleri (Dardanel,
Çanakkale)”, BEU Journal of Science, 4(1), 35-42, 2015.
Sunlu, U., 1994. “SÜFA Dalyanıve Ege
Denizi’nin FarklıBölgelerindeki Kirlenme Durumu ile
BazıEkonomik Balık Türlerinde Ağır Metal Düzeylerinin
Araştırılması. Doktora Tezi”, Ege Üniversitesi Su
Ürünleri Fakültesi. İzmir.
Topcuoğlu, S., Güven, K.C., Balkıs, N.,
Kırbaşoğlu C., 2003. “Heavy metal monitoring of marine
algae from the Turkish Coast of the Black Sea, 1998–
2000”, Chemosphere, 52: 1683–1688.
Türkmen, A., Türkmen, M., Tepe, Y., 2005.
“Biomonitorin of heavy metals from İskenderun Bay
using two biwalve species chama pacifica broderip, 1838
and ostrea stentina payraudeau, 1826”, Turkish Journal
of Fisheries and Aquatic Sciences. 5:107-111.
Tüzen M., Verep B., Ögretmen A.O., Soylak
M., 2009. “Trace element content in marine algae species
from the Black Sea, Turkey”, Environ Monit Assess
(2009) 151:363–368, DOI 10.1007/s10661-008-0277-7.
Yarsan, E., Bilgili, A., Türel İ., 2000. “Van
Gölünde toplanan Midye (Unio stevenianus Krynicki)
Örneklerindeki Ağır Metal Düzeyleri”, Turk. J.
Veterinary Animal Science.24, 93-96.

We think that researches about heavy metal
pollution in the Mersin coastal region, which is the
receiving environment, should be carried out
continuously and the necessary measures should be taken
according to the results obtained.
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ABSTRACT
In this study, concentration of some heavy metals accumulated on Ulva linza and oil accumulation in the macroalgae
collected from four stations in the coast of Mersin province were investigated. Mersin province has the largest port in
Turkey, it is located in the south of the country and has 321 km long coast line. The selected four stations for this study
are Karaduvar Fishing Port, Çamlıbel Marina, Fenerbahçe Square, Viranşehir Taşkıran Facilities. The samples from these
stations are taken monthly. Accumulation of Iron (Fe), Copper (Cu), Cadmium (Cd), Lead (Pb), Zinc (Zn) in Ulva linza
has been measured by ICP-MS and mean results of heavy metal analyses in U.linza are arranged as Fe> Zn> Pb> Cu >
Cd.

Keywords: Heavy metals, Macroalgae, Bioaccumulation, Mersin Coast, Ulva linza
* Corresponding author

1. INTRODUCTION
Urban and endustrial activies carry large
amounts of contaminants to the sea where those
contaminants cause environmental and ecological
deterioration. That is significant when the
anthropogenic discharges are made in the coastal
areas. Heavy metals in marine environment play an
important role in ecotoxicology (Claisse et al.,
1993; Langston, 1990). Due to their accumulation
capacities, algae are seen a valuable indiciator in
heavy metal studies in coastal areas (Försberg et
al., 1988). The heavy metal levels that accumulate
in macroalgae are thousands of times higher than
the values in sea water (Conti et al., 2003).
Ulva sp., a common macroalgae species in the
sea, is growing intensively on the shores of Turkey.
Macroalgae that accumulate nutrients at high
levels in their bodies can also grow in areas
contaminated with domestic and industrial wastes
(Tüzen, 2002). The heavy metal pollution in the
marine environment is considered to be an
important environmental problem that is long
lasting (Arain et al., 2006; Uluozlu et al., 2007;
Korn et al., 2008)
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In this study, it was aimed to determine the
seasonal changes by analyzing the heavy metal (Fe,
Cu, Zn, Cd, Pb) accumulation in Ulva linza.
2. MATERIAL AND METHOD
Mersin province which the thesis work has
been carried out has the largest port in the Turkey,
and the city is located between 36-37 ° north
latitude and 33-35 ° east longitude. Its boundaries
start from Taşucu in the west and extend to
Karataş in the east. The territorial border of Mersin
is 608 km with an area of 15.953 km2 and the sea
border is 321 km. The thesis work was carried out
by sampling monthly between April 2015 and May
2016 at the coastal stations, identified in different
parts of Mersin province coastline. As shown in
Figure 1., these stations are at 4 different points in
the area, in the east Karaduvar Fishing Port in
Akdeniz district and in the west Viranşehir
Taşkıran Facilities in Mezitli district of Mersin.
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process is completed in about 20-30 minutes,
this is a great advantage in preparing a large
number of samples for analysis. Due to the use of
closed containers, the evaporation problem of the
acid mixture is avoided and it can be operated with
a small amount of reagent as it is operated with
high pressure. Once the samples became soluble,
they were diluted to 50 ml with ultra distilled
water and labeled and stored in the refrigerator for
heavy metal analysis in ICP-MS.
Inductively coupled plasma mass spectrometry
(ICP-MS, 7500-ce) at the Mersin University
Advanced Technology Education, Research and
Application Center (MEITAM) was used for heavy
metal analysis.

Fig. 1. Sample Stations
Table 1. Coordinates of the sample stations
Stations
Karaduvar
Çamlıbel
Fenerbahçe sq.
Viranşehir

Coordinates(N)
36°48'18.76"N
36°47'20.03"N
36°46'21.53"N
36°44'18.47"N

Coordinates(E)
34°41'36.68"E
34°37'46.44"E
34°34'23.00"E
34°32'28.02"E

In the study, heavy metal analysis was carried
out by collecting Ulva linza type macroalgae that
grew at the designated stations.
Macroalgae samples were collected monthly
from the stations and it was aimed to determine the
change of heavy metal pollution with respect to
time. Throughout the research, samples were taken
from the littoral area (depth of 2.5 m) then they
were placed into polyethylene bags and were
labeled to indicate the date and station, then
carried to Mersin University Environmental
Engineering Laboratory.
The collected samples were first washed with
tap water and purified from the living organisms,
sand and foreign matter, and then washed again
with pure water and left for drying naturally. The
sample was left in stove at 70 ° C for 2 hours in
order to completely dry the samples. After drying,
the samples were shredded into pieces, after they
were separated out, they were re-labeled and
placed in polyethylene bag. Prepared samples were
stored in the refrigerator at + 4 ° C until analysis.

3. RESULTS AND DİSCUSSİON
3.1. Results
Between April 2015 and May 2016, stations of
the province of Mersin were chosen to collect
macroalgae samples in the form of four different
stations.. The designated stations are as follows;
Karaduvar Fishing Port, Çamlıbel Marina,
Fenerbahçe Square, Viranşehir Taşkıran Facility.
In Ulva linza Cd, Cu, Fe, Pb, Zn accumulations
collected from the stations were investigated.
U.linza samples were observed only at Taşkıran,
Karaduvar and Çamlıbel stations. The heavy metal
concentrations in from Taşkıran and Karaduvar
stations are shown in Table 2 and Table 3
respectively.
Table 2. Heavy metal concentrations in
Taşkıran station (μg g-1 dry weight)
Dates
2015.04
2016.02
2016.04
Average

Fe
716,62
633,00
528,28
727,00

Cu
28,73
0,05
0,05
7,22

Zn
14,05
3,51
8,44
6,52

Cd
1,76
1,94
0,20
1,00

Pb
9,73
9,29
2,18
5,65

Table 3. Heavy metal concentrations in
Karaduvar station (μg g-1 dry weight)

2.1. Heavy Metal Analysis
Samples were solubilized for heavy metal
analysis. For this, each Ulva linza sample was
weighed on a precision scale of 0.5 g, 1 ml of
H2O2 and 4 ml of water (1 ml of HCl and 3 ml of
HNO3) were added to the solution samples and
placed in microwave tubes and were performed in
the CEM MARS_X_press 5
microwave
dissolving system. The microwave dissolution
process applied for ICP-MS analysis is carried out
by using high-power microwave energy with the
appropriate acid mixtures of the samples. This
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Dates
2015.07
2016.03
2016.04
Average

Fe
263,80
764,76
1076,88
702,00

Cu
0,03
6,13
7,47
4,55

Zn
40,89
53,98
46,01
46,96

Cd
1,43
1,82
1,85
1,70

Pb
5,69
18,03
15,19
12,97

When it is sorted by the accumulations of Fe
accumulated in Ulva linza, the highest
concentration was observed at Karaduvar station
located at Karaduvar Fisherman's Shelter. It was
observed that Karaduvar station had the highest
value of 1076,88 μg g-1 in April 2016 and the
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lowest level of Fe accumulation was 263,80 μg g-1
in Karaduvar station in July 2015. The data about
Pb shows that Karaduvar station located at
Karaduvar Fisherman's Shelter is the most densely
populated area. In March, 2016 the highest value
of Pb accumulation was 18,03 μg g-1 in Karaduvar
station, the lowest value was measured at Taşkıran
station with 1,41 μg g-1 in May, 2016. The Cu
accumulation in Taşkıran station located in
Viranşehir Taşkıran Facilities has the highest value.
In April 2015, Cu accumulation was the highest
value of 28,73 μg g-1 and the lowest value of 0,03
μg g-1 was measured in Karaduvar station in July
2015. The Zn accumulation in U. linza has the
highest value in the Karaduvar station located at
Karaduvar Fisherman's Shelter. In Karaduvar
station, in March 2016, with 53.98 μg g-1 reached
its highest value, the lowest value was observed in
Taşkıran station with 0,09 μg g-1 in May 2016.
When the accumulation of Cd in Ulva linza is
examined, it is the Taşkıran station. Cd
concentration at Taşkıran station in February 2016
was measured as 1,94 μg g-1 at the highest value,
and in Taşkıran station 0,10 μg g-1 was measured
as the lowest value in May 2016.
The heavy metal accumulation in the samples
of Ulva linza is in its highest value in Fe. Fe was
found in Karaduvar station as 1076,88 μg g-1 in
April 2016. The highest value for Zn was 53,98 μg
g-1 in March 2016 at Karaduvar station. The
highest value for Cu was 28.73 μg g-1 in April
2015. The highest value for Pb was found as 18,03
μg g-1 in March 2016 at Karaduvar station. For Cd,
the highest value was 1,94 μg g-1 in February 2016
at Taşkıran station. The highest heavy metal
accumulations is arranged as Fe> Zn> Cu> Pb> Cd.
3.2. Discussion
Macroalgae are organisms that are easy to
collect and easy to identify, are immobile, have
high affinity for some elements. In addition, they
are sensitive to changes in metal concentrations in
water and only accumulate soluble metals in their
bodies (EPA, 2007; Breck, 1978; Luoma, 1983;
Luoma 1982). Macroalgae are active biomonitors
in heavy metal pollution (Bryan, 1993). It is also
known that many species of macroalgae are
consumed as food in the far east. In terms of these
properties, macroalgae were selected in our study.
The changes in the accumulation of Cd, Cu, Fe,
Pb, Zn heavy metals according to the seasons were
investigated from 4 different stations of Mersin
province. In the study, U.linza was collected in
Taşkıran and Karaduvar stations and the obtained
results were examined. Industrial activities on the
coast of Mersin; glass industry, oil filling plant,
chromium compounds production, fertilizer
production. There are also fishing activities in the
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region. Mersin has one of the largest ports in
Turkey so there is intense maritime traffic in the
region. Considering those factors may increase the
density of heavy metals such as Fe, Cu, Cd, Pb, Zn
in the seas, accumulation of these heavy metals in
Ulva linza is investigated. Average accumulation
values of Fe, Cu, Cd, Pb, Zn heavy metals in
U.linza, Fe: 714,5 μg g-1, Zn: 26,74 μg g-1, Pb:
9,31 μg g-1, Cu: 5,88 μg g-1, Cd: 1,35 μg g-1.
According to this, the sequence is Fe> Zn> Pb>
Cu> Cd.
B. Brito et al. collected 10 types of macroalgae
in Todos os Santos (Brazil) gulf. Similar to this
study, among the macroalgae species selected in
Ulva lactuca, and 12 kinds of heavy metals
including Cu, Zn, Cd and Pb were investigated. As
a result of their studies in U.lactuca, Cu: 2.59-3.67
μg g-1, Zn: 9.86-10.5 μg g-1, Cd: 0.232-0.298 μg g-1,
Pb: 0,450-1,01 μg g-1. Todos os Santos Bay, where
the study is carried out, is a region where chemical
and petrochemical industrial activities, petroleum
refineries and port operations are carried out. In
addition, the Subae river, which passes through the
area where the lead smelting plant, the paper mill,
and the alcohol distillation plant are located, is
poured into this bay (Amado et al., 2008; Hatje et
al., 2009). In these circumstances, Industrial
activities in the region where they work are more
than those in Mersin. However, the obtained Cu,
Zn, Cd, Pb values are lower than this study.
Alp et al., in order to determine the
accumulation of heavy metals in the sediments of
the selected macroalgae (Ulva sp. and
Enteromorpha sp.) In Mersin province, Cu, Al, Ni,
Cr, Zn, Pb, Mn, Cd and Fe levels were investigated
monthly. The accumulation levels of heavy metals
in Ulva sp. Fe> Al> M> N> Zn> Cr> Cu> Pb> Cd;
In Enteromorpha sp, Fe> Al> Ni> Mn> Zn> Cr>
Cu> Pb> Cd. Although the stations used are
different, they stated that the results were similar
in the study conducted in the same province. Alp
et al. in study for 839,12 μg g-1 for Fe, 18,36 μg g-1
for Zn, 4,08 μg g-1 for Cu, 3,24 μg g-1 for Pb, Cd
for 0,12 μg g-1 results were obtained. In our study,
it can be said that when compared to each heavy
metal, a general increase is observed and these
results can show that the pollution in the sea
increases.
Considering the previous studies, it was
concluded that heavy metal pollution increased on
the coasts of Mersin province and continued
studies on macroalgae in our seas could contribute
to the detection of heavy metal pollution.
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ABSTRACT
The use of new technologies in engineering services is of great importance in the process of planning, project
design and operation stages of facilities. Examining the developments, also comparing both methods and results
experienced in recent works and in the history of engineering, it is seen that new technologies are effectively
used in engineering applications nowadays. Technical calculations and analyzes prepared by classical methods in
previous years can be obtained today by analyzing the data in digital environment which is provided from
observation stations and automatic data collection devices and by evaluating observations with numerical
models. Geographic Information Systems (GIS) is used in order to support decision makers in access and
management of data in multidisciplinary applications that aimed to increase productivity.
GIS technology is effectively used as a decision support tool that provides to prepare thematic maps based on
GIS database structure and GIS supported analysis saves time and labour within the scope of planning and
operation stages of engineering projects. Examining the studies in the literature, it is seen that GIS is also used in
various researches which are vital for human health such as disaster management and risk analysis in addition to
planning activities and construction works of major projects. In this study, a literature review on the possibilities
and benefits of using GIS technology for providing decision support in engineering applications is presented.
Keywords: Geographic Information System, Engineering Applications, Decision Support System
* Corresponding Author.
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ABSTRACT
In this research, the optimization of the environmental conditions for Cu2+ adsorption onto the synthesized GIO-NPs from
marine algae Enteromorpha spp. extract, grown on Mersin coast of the Mediterranean, was done by response surface
methodology approach. A quadratic model, which consists linear, square, and interactive models, was established as a
functional relationship between five independent variables and the adsorbed Cu 2+ amount at equilibrium (qe). The optimal
conditions were determined to be 60 min contact time, 42 oC temperature, 0.5 g/L adsorbent concentration, 500 mg/L
initial Cu2+ concentration, and pH 5.0. At these optimum values, the maximum q e value was predicted to be 188.9 mg
Cu2+/g GIO-NPs, which was in accordance with the experimental result of 179.2 mg/g. The results showed that GIO-NPs
have high Cu2+ adsorptive removal potential from aqueous solutions.
Keywords: Adsorption, Copper Ion, Enteromorpha spp., Iron Oxide Nanoparticles, Marine Algae
* Corresponding author

1. INTRODUCTION
The optimization of adsorption parameters is crucial
in order to achieve maximum removal capacity of the
adsorbent. The optimization has been conventionally
done by monitoring the effect of one parameter on the
process at a time. According to this traditional method,
only a parameter to be examined is varied while the
others are fixed at a certain value. However, this method
does not elucidate the interactive effects among the
parameters and also does not explain the influence of the
parameter on the response in details. In addition to these
disadvantages of this method, it requires a considerable
amount of work and time (Şahan et al., 2018). For
overcoming these shortcomings and optimize the most
effective process conditions with fewer experiment; in
recent years, the statistical techniques using design of
experiment methods has been frequently chosen for
analysis of the experimental results to evaluate the
individual contribution of independent variables on the
objective functions and also, it is possible to do process
optimization with these methods (Googerdchian et al.,
2018).
Response surface methodology (RSM) is one of the
most relevant multivariate techniques used in analytical
optimization that employs a mathematical algorithm
based on experimental results generated from
experiments designed by a program in order to establish
a continuous variable surface model, and validation of
the model is derived from statistical techniques (Niu et
al., 2018, Şahan et al., 2018). Among several designs
with different properties and characteristics, central
composite design (CCD) is an efficient way to specify
which experiments should be done in the experimental
region to assess individual and interactive effects of
independent variables with least number of experiments
(Thuan et al., 2017).
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In the recent years, it has been started to investigate
response surface optimization of heavy metal adsorption
by green-synthesized nanoparticles (Mukherjee et al.,
2016, El-Kassas et al., 2016, Lin et al., 2018). Overall, it
was seen that RSM using CCD could be used to
optimize various heavy metal ion adsorption processes.
Additionally, to the best of our knowledge; it is the first
time to employ RSM using CCD to determine the
optimum conditions of Cu2+ adsorption by iron oxide
nanoparticles (GIO-NPs). Hence, in this research; the
optimization of the environmental conditions for Cu2+
adsorption onto the synthesized GIO-NPs (Ercan et al.,
2017) from marine algae Enteromorpha spp. extract,
grown on Mersin coast of the Mediterranean, was done
by RSM approach.

2. MATERIALS AND METHODS
Preparation of GIO-NPs and batch adsorption
studies were done like reported in our previous work
(Ercan et al., 2017).

2.1. Experimental Design and Optimization
using Response Surface Methodology
RSM using CCD with free Minitab 17 software
(Minitab Inc.) was employed to optimize the
environmental conditions such as contact time,
temperature, adsorbent concentration, initial Cu2+
concentration, and initial pH for Cu2+ adsorption onto
GIO-NPs. The ranges and levels of the independent
variables for the experimental design strategy were
presented in Table 1.
The experimental design for the effect of five
independent variables in 66 sets of experiments was
shown in Table 2.
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Table 1. The ranges and levels of the independent
variables
Independent
variable

Symbol
A
B
C
D
E

Low
(–1)
2
25

Initial pH
Temperature (oC)
Adsorbent
concentration (g/L)
Initial Cu2+
concentration (mg/L)
Contact time (min)

Coded levels
Center
High
(0)
(+1)
3.5
5
45
55

0.5

1.0

3.0

100

300

500

60

150

240

Y = b0 + b1A + b2B + b3C + b4D + b5E +b11A2 + b22B2 +
b33C2 + b44D2 + b55E2 + b12AB + b13AC + b14AD +
b15AE + b23BC + b24BD + b25BE + b34CD + b35CE
(1)
where Y represents the response of the adsorbed Cu2+
amount per gram of adsorbent at equilibrium (mg/g),
where b0 is intercept term, b1, b2, b3, b4, and b5 are linear
coefficients, b11, b22, b33, b44, and b55 are quadratic
coefficients, and b12, b13, b14, b15, b23, b24, b25, b34, and b35
are interactive coefficients and the independent variables
are coded A, B, C, D, and E. The interaction between the
independent variables and the responses was tested by
using ANOVA and the effect of the variables was also
evaluated with response surface graphs.

Table 2. The experimental design strategy
Run
order

Initial
pH

Temperature
(oC)

Adsorbent
concentration
(g/L)

Initial Cu2+
concentration
(mg/L)

Contact
time
(min)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

5
2
2
5
2
2
5
3.5
2
2
5
2
3.5
2
3.5
5
5
2
2
3.5
5
5
5
3.5
3.5
5
2
3.5
5
2
2
3.5
5
2
3.5
3.5
3.5
3.5
5
2
5
5
2
5
5
3.5
2
3.5
3.5
3.5
5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
2
3.5
3.5
3.5
3.5

55
55
55
25
55
25
55
40
55
55
25
25
40
25
40
25
55
25
25
40
25
25
55
40
40
25
25
40
25
55
55
40
25
25
40
40
40
40
55
25
55
55
55
55
40
40
40
40
40
40
40
40
25
40
40
40
40
55
40
40
55
40
40
25
40
40

0.5
0.5
3.5
0.5
3.5
3.5
3.5
2
0.5
3.5
0.5
0.5
2
0.5
2
3.5
0.5
3.5
3.5
2
3.5
0.5
0.5
2
2
3.5
0.5
2
0.5
0.5
3.5
2
3.5
3.5
2
2
2
2
0.5
0.5
3.5
3.5
0.5
3.5
2
2
2
0.5
3.5
2
2
2
2
3.5
2
2
0.5
2
2
2
2
2
2
2
2
2

500
500
100
500
500
500
500
300
100
100
500
500
300
100
300
100
100
500
100
300
100
100
100
300
300
500
100
300
100
500
500
300
500
100
300
300
300
300
500
500
100
500
100
100
300
500
300
300
300
300
300
100
300
300
300
100
300
300
300
300
300
300
500
300
300
300

60
240
240
240
60
240
240
150
60
240
240
60
150
240
150
240
240
240
60
150
240
60
240
150
150
60
240
150
60
240
60
150
60
60
150
150
150
150
60
60
60
240
60
60
150
150
150
150
150
60
150
150
150
150
150
150
150
150
240
60
150
150
150
150
240
150

In the optimization process, the responses can be
simply related to chosen factors by linear or quadratic
models. A quadratic model, which also includes the
linear model, is given as (Özer et al., 2009);

3. RESULTS AND DISCUSSIONS
The effects of environmental conditions such as
contact time, temperature, adsorbent concentration,
initial Cu2+ concentration, and initial pH for Cu2+
adsorption onto GIO-NPs were investigated by RSM
using CCD. The empirical relationship between the
independent variables and the adsorbed Cu2+ amount per
gram of adsorbent at equilibrium (mg/g) (Y) was given
in Eq. (2):
Y= -282.3 + 16.0A + 14.26B + 34.1C + 0.541D 0.707E- 3.31A2 - 0.2135B2 - 9.18 C2 - 0.000339 D2
+ 0.001424 E2 + 0.636AB - 2.16AC - 0.01356AD
+ 0.0093AE - 0.148BC - 0.000018BD + 0.00881BE 0.02201CD+ 0.0523CE- 0.000779DE
(2)
The statistical significance of the quadratic model
equation was evaluated by F-test for analysis of variance
(ANOVA) and the ANOVA results were presented in
Table 3.
Table 3. ANOVA results of the model
Source

Model
Linear
A
B
C
D
E
Square
AA
BB
CC
DD
EE
2-way
interaction
AB
AC
AD
AE
BC
BD
BE
CD
CE
DE
Error
Lack of fit
Pure error
Total
R2=0.9579

158

Degree of
freedom

Sum of
squares

Mean
squares

F-value

P-value

Remarks

21
5
1
1
1
1
1
5
1
1
1
1
1

148107
53574
10411
1449
17864
23688
162
61288
271
11283
2086
898
651

7052.7
10714.9
10411.5
1419.0
17864.3
23687.5
162.0
12257.7
270.9
11282.8
2085.8
897.6
650.7

31.65
48.08
46.72
6.50
80.17
106.30
0.73
55.01
1.22
50.63
9.36
4.03
2.92

<0.0001
<0.0001
<0.0001
0.014
<0.0001
<0.0001
0.399
<0.0001
0.276
<0.0001
0.004
0.051
0.095

Significant
Significant

10

22059

2205.9

9.90

<0.0001

Significant

1
.1
1
1
1
1
1
1
1
1
44
6
38
65

6562
757
529
51
354
0
4526
1395
1596
6289
9805
9769
36
1579.12

6562.0
756.9
529.3
50.8
353.6
0.1
4525.6
1395.1
1596.4
6288.9
59.3
117.3
1.4

29.45
3.40
2.38
0.23
1.59
0.00
20.31
6.26
7.16
28.22

<0.0001
0.072
0.130
0.635
0.214
0.983
<0.0001
0.016
0.010
<0.0001

Significant

84.26

<0.0001

Significant

Significant
Significant
Significant
Significant
Significant

Significant

Significant
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It was seen in Table 3 that F-values of the linear,
square, and 2-way interaction models were 48.08, 55.01,
and 9.90, respectively; and all P-values of the models
were lower than 0.0001, indicating that the linear,
square, and 2-way interaction models were statistically
significant. The variance analysis of the experimental
design stated that the linear model terms of A (initial
pH), C (adsorbent concentration), and D (initial dye
concentration), the square model term of BB, and the
interactive model terms of AB, BE, and DE were
significant (P < 0.0001). The value of the determination
of coefficient (R2) was found to be 0.9579 indicating
that 95.79% of the variability in the response was
explained by the model.
The relationship between the predicted qe values by
the model and experimental qe values was shown in Fig.
1. Accordingly, the points of data were close to a
straight line (R2=0.9579), which indicated a good
correlation between the predicted and experimental
responses. It was concluded that the chosen quadratic
model was acceptable for the experimental data of Cu2+
adsorption onto GIO-NPs.

predicted qe (mg/g)

180

120

60

0
0

40

80

120

160

experimental qe (mg/g)

Fig. 1. Plot of predicted qe values vs experimental qe
values
It is important to examine the residuals for
evaluating the suitability and availability of the model.
Fig. 2 represented the plot of the standardized residuals
vs predicted response. Accordingly, the plot exhibited
random distribution indicating no need for
transformation of the response variable. Also, the
distribution of data was observed between
approximately ±3.0. This outcome showed consistency
between the predicted and the experimental data.

Fig. 2. The plot of the standardized residuals vs
predicted response
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For Cu2+ adsorption onto GIO-NPs; in order to
investigate the interaction among the variables, 3D
response surfaces were plotted on the basis of the model
equation (Figs. 3.a-f). It can be seen that qe value
increased up to 42 oC, and it decreased with further
increase in temperature. It can be explained with the
endothermic nature of the adsorption process. So, the
optimum temperature was determined as 42 oC. Due to
having highest F value and lowest P value of initial Cu 2+
concentration, it had a statistically significant effect on
the adsorption. Also, qe value increased up to 400 mg/L
and then it remained nearly constant thereafter. It can be
explained with the saturation of the active sites on the
adsorbent surface with Cu2+ ions at high initial Cu2+
concentration. Furthermore, qe value increased with
increasing initial pH. It has been well known from the
studies in the literature that various iron nanoparticles
have negatively charged surface (Calatayud et al., 2014,
Zhang et al., 2017, Eslami et al., 2018). Also, it was
found in our previous work (Ercan et al., 2017) that
GIO-NPs surface had maximum negative charge at pH
5.01 (-33.7 mV). So, qe value was maximum due to
strong electrostatic attractions between Cu2+ cations and
negatively charged surface at initial pH 5.0. Therefore,
the optimum initial pH was obtained as 5.0. Moreover,
qe value decreased sharply with increasing adsorbent
concentration. The diminishment in qe value may be due
to particle aggregation at higher than 0.5 g/L adsorbent
concentration, that causing decrease in effective surface
area of the adsorbent and an increase in diffusional path
length. Therefore, the optimum adsorbent concentration
was determined as 0.5 g/L. As predicted from ANOVA
results, there was not significant change in the qe value
in the contact time investigated. Thus, by taking into
consideration of the process cost, the contact time of 60
min was optimized.
When interactive effects of independent variables on
Cu2+ adsorption onto GIO-NPs was examined, it could
be seen that the surface plot color changing from dark to
light indicated that the response value moves from low
to high. Accordingly, when temperature was 42 oC and
initial Cu2+ concentration was 500 mg/L (Fig. 3.a);
initial pH was 5.0 and initial Cu2+ concentration was 500
mg/L (Fig. 3.b); initial pH was 5.0 and adsorbent
concentration was 0.5 g/L (Fig. 3.c); initial pH was 5.0
and temperature was 42 oC (Fig. 3.d), the maximum qe
values and thus the whitest areas were obtained in the
3D response surface plots. However; since there was
insignificant effect of contact time on the adsorption, a
white line along the contact time axis was seen in Figs.
3.e and 3.d at the optimum value of the other
independent variable.

Cilicia International Symposium on Engineering and Technology (CISET2018)
Mersin University Engineering Faculty, 26-27 October 2018, Mersin, TURKEY

(e)

(a)

(b)
(f)

(c)
Fig. 3. 3D response surface plots
Fig. 4 presented the obtained model results for the
optimum environmental conditions of Cu2+ adsorption
onto
GIO-NPs.
Accordingly,
the
optimum
environmental conditions were obtained as 60 min
contact time, 42 oC temperature, 0.5 g/L adsorbent
concentration, 500 mg/L initial Cu2+ concentration, and
initial pH 5.0.

(d)
Fig. 4. Optimum environmental conditions obtained
from the model
At the obtained optimum environmental conditions,
the maximum adsorbed Cu2+ amount per gram of
adsorbent at equilibrium (mg/g) (Y) was predicted from
the model as 188.9 mg Cu2+/g GIO-NPs, which was in
accordance with the experimental result of 179.2 mg/g.

5. CONCLUSION
In this study, the optimization of the environmental
conditions for Cu2+ adsorption onto GIO-NPs was
successfully completed with RSM using CCD. A
quadratic model was established to present the
adsorption parameters by considering five controllable
factors including contact time, temperature, adsorbent
concentration, initial Cu2+ concentration, and initial pH.
Based on numerical optimization of the obtained
quadratic model, the optimum conditions for maximum
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qe (mg/g) value were found as 60 min contact time, 42
oC temperature, 0.5 g/L adsorbent concentration, 500
mg/L initial Cu2+ concentration, and initial pH 5.0. At
the optimum conditions determined, the maximum qe
value computed using the quadratic model was 188.9 mg
Cu2+/g GIO-NPs, which was in accordance with the
experimental result of 179.2 mg/g. Consequently, it can
be said that GIO-NPs synthesized in this study can be
effectively used as adsorbent for the removal of toxic
metals such as Cu2+.

“Effect of multifactors interaction on competitive
adsorption of Zn2+ and Cd2+ by response surface
methodology.” Environmental Earth Sciences, Vol. 77,
No. 6, pp. 244.
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ABSTRACT
Appraising spatial variability of quality parameters in a cement quarry can provide some information for
process and future planning like project decision making. If a constant variance is not satisfied for evaluating
the variability, use of generalized least squares analysis (GLS) is benefited instead of ordinary least squares.
GLS fitting can be conducted by residual maximum likelihood (REML) technique in which each
measurement is denoted additively using fixed and random effects. In this study, a residual-based evaluation
is performed on the cement quality parameters via the REML-based GLS analysis. By this way, the
inequalities of variance in the observations are considered and identified. The results are compared with the
conventional methods by some performance indicators.
Keywords: Spatial Evaluation, Cement Quarry, Least Squares, Residual Analysis.
* Corresponding author: Bulent Tutmez

for using the residuals derived from the linear
model (Stacey et al. 2006)
In this study, the relationship between the
thickness recorded by drill-holes and the SiO
content which is one of the important cement
production parameters has been appraised by the
REML method. A comparative assessment has
also been performed. Thus, the role of residual
analysis is revealed by the performances .
In the next section, cement production
parameters and the technique about quarry
evaluation will be stated. The scientific
methodology and statistical tools will also been
introduced. After that, a case study by a real data
set will be given. In the last section a brief
discussion and conclusion will be presented.

1. INTRODUCTION
Cement is one of the determinants used in
construction and building; therefore, it must have
certain qualities. While it is important to have the
correct proportions of calcium, silicon and
aluminum, the overall chemical composition and
structure of the individual raw ingredients can
vary considerably (Struble et al. 2011).
In a mine site and quarry evaluation, both
the spatial positions and the quality variables
should be considered for appraising the
regionalized variables. Generally, it can be
implemented using probabilistic tools like
geostatistical analysis (Wackernagel, 2003).
Geostatistics aims to reveal a structure of spatial
correlation for describing complexity and
irregularity.
One of the critical points in spatial data
analysis is to uncover the spatial relationships.
When the assumption of constant variance is not
satisfied, a data transformation and use of
generalized least squares regression (GLS) can be
required. As a regression technique, the GLS
considers the inequality of variance in the
observations. At this stage, modelling spatially
correlated errors gains importance (Tutmez and
Dag, 2013; Tutmez, 2017). As an alternative
solution, the residual maximum likelihood
(REML) method was suggested (Gleeson and
Cullis, 1987). The REML estimation is based on
the GLS fitting which ensures some possibilities

2. METHODOLOGY
2.1. Cement Quality Variables
In addition to the blaine (fineness)
parameter, the chemical composition has critical
importance on the behaviour and the strength of
cement. The raw materials employed for the
manufacture of cement mainly include lime,
silica, alumina and iron oxide. The relative
proportions of these oxide compositions are
responsible for influencing the different
characteristics of cement. One of the major
components in cement is tricalcium silicate
(Ca3SiO5), a phase consisting of a combination of
calcium oxide (CaO), and silicon dioxide (SiO2).
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(Lamond and Pielerd, 2006). In ordinary Portland
cement, the approximate silicon dioxide (SiO2)
composition ranges between 17-25%. Due to the
amount of silica in cement composition and its
critical role in the process, a reliable spatial
modelling for this parameter is entailed.

properties. The bivarite median is illustrated in
the Figure 1 and 2. The fences separate points in
the fences from points outside.

2.2. Residual-Based Evaluation
The conventional Ordinary Least Squares
(OLS) method uses constant variance, which is
the variability of a measurement is the same in
any case of the values of the explanatory variables
connected with it. On the other hand, a spatial
evaluation method should focus on the nature of
relationships that exist between variables. The
GLS method concentrates on the correlations and
unequal variances.
The OLS considers the residuals Ɛ are
independently and identically distributed with the
same variance 𝜎 2 :

Fig.1. Bivariate plot for coordinates.

𝒚 = 𝑿𝜷 + 𝜺, 𝜺~𝓝(𝟎, 𝝈𝟐 𝑰).
(1)
However, the errors should be considered as a
random variable η which has a covariance form:
𝒚 = 𝑿𝜷 + 𝜼, 𝜼~𝓝(𝟎, 𝑽).

(2)

where, V indicates a positive-definite variancecovariance matrix of the errors (Lark and Cullis
2004). Thus, rather than a single residual variance
𝝈𝟐 , to contain the spatial dependence implicit in
the variance-covariance matrix V the likelihood of
parameters is extended.
Each measurement is denoted additively in
terms of fixed and random effects. The REML
algorithm first estimates Ɵ without having to
known β. After that, covariance/variogram
function C, C𝑖𝑗 =C(𝑥𝑖 − 𝑥𝑗 ), and V is calculated.
Finally, the fixed-effects regression parameters
are estimated by
̂ 𝑮𝑳𝑺 =
𝜷

(𝑿𝑻

−𝟏

−𝟏

𝑻

−𝟏

𝑽 𝑿) 𝑿 𝑽 𝒚 .

Fig.2. Bivariate plot for non-spatial variables.
In Figures 1 and 2, the bags include 50% of all
observations. By this structure, the outliers can
also be displayed.
In the first stage of the residual-based analysis,
both the covariance and β should be estimated. In
REML analysis, 𝜽 = [𝝈𝟐 , 𝒔, 𝒂], i.e., the total sill,
nugget proportion, can be estimated without
having to know β. For this purpose, first an OLS
fitting has been performed and based on the
residuals of the OLS model a spatial
dependence
analysis
(variogram
fitting)
has been conducted. Figure 3 shows the results
of
the
variogram
modelling.

(3)

3. CASE STUDY
A cement raw material quarry in Adana was
considered. The quarry was placed was with
marl, marly-limestone and limestones. The data
employed belong to calcareous marl units 65
measurements including outlier values were
handled in the present study (Tutmez, 2014).
In addition to inputs (coordinates, thickness)
SiO2 concentration has been selected as the target
variable. The relationships between the variables
have been illustrated based on statistical
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Fig.3. Spatial variability of residuals.
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Fig.4. Performance Comparison.
For calculating the GLS relations using the
information derived from the residuals, the
maximum likelihood algorithm has been
implemented. Figure 4 illustrates the final
performances of the OLS and the REML model.
By comparing the Akaike Information Criterion

(AIC) values of two regression models, a
comparative summary has been given in Table 1.
As can be recorded from Figure 4 and Table 1, the
REML model outperforms the conventional OLS
model.
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Table 1. Performance of models.
Regression Model

AIC

OLS

336.28

REML

318.79

Tutmez, B., Dag, A., 2013. Mapping water chemical
variables with spatially correlated errors,
Environmental Ecological Statistics, Vol. 20, 19-35.
Tutmez, B. (2017). Residual-based evaluation for
spatially varying processes, IMCET 2017, Antalya.
Wackernagel, H. (2003). Multivariate Geostatistics,
Springer, Heidelberg.

4. CONCLUSIONS
The use of generalized least squares (GLS) is
utilized instead of ordinary least squares when a
constant variance is not satisfied for appraising
the variability. A residual-based assessment has
been conducted for appraising the cement quality
parameters via the REML-based GLS analysis.
By this way, the inequalities of variance in the
observations have been identified.
The REML method represented the system
additively using fixed and random effects. The
case study and comparative evaluation showed
that the performances of the residual-based
regression better that the conventional regression
analysis. It should be noted that the REML
algorithm is established on spatial dependence
and obtaining reasonable covariance parameters,
therefore there is no guarantee of the finding true
optimum in some cases.
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ABSTRACT
Mersin-Anamur D400 highway is one of the most important road in the East Mediterranean. When
existing road has become insufficient to the demands, the new road route has been projected. During the
alternative road construction, some instability problems are experience at the road slopes which weak-very weak
rock masses. In this study, the mechanism of the mass movements at the road slope at Yanışlı Site along the
Mersin-Antalya D400 highway was investigated. This movement developed at Lower-Middle Cambrian aged
Sipahili formation consisting of schist and chlorite-schist units. The slope is about 65 m high and consists of 4
benches with a slope angle of 2/3 (h / V). In addition to field observations, 3 boreholes drilling of 65 m with 2
inclined were drilled by 5th Regional Directorate of Highways. The physical and geomechanical parameters of
the rock material were determined on the standard core samples in the laboratory. Besides, in each of three
boreholes, pressuremeter tests were carried out to obtain modulus of elasticity, which is one of the input
parameters in the analysis. According to both in-situ and laboratory tests findings this unit exhibits heavily
fractured-jointed structure with weathered zone reaching depth of 5 m. Based on design parameters, GSI
(Geological Strength Index) was determined for the rock mass and critical slide surface was revealed by slope
analyses. Analyses show that the failure surface developed in weathered zone with factor of safety 1.43 and it is
below the requested limit value of 1.5 by General Directorate of Highways.
Keywords: Highway, Geological Strength Index (GSI), Mass Movement, Slope Stability, Schist
* Corresponding Author.
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ABSTRACT
Sediment geochemistry of Eocene-upper Oligocene Kırkgeçit marine clayey sediments at the northern vicinity of Elazığ
were investigated in this study. The basement of the studied sediments are Permo-Triassic Keban Metamorphics, upper
Cretaceous Elazığ Magmatics. Keban Metamorphic rocks are the oldest rock units, and are comprise marbles in the
studied area. The upper Cretaceous Elazığ Magmatics are represented by pyroclastic deposits and lavas with a
compositional spectrum from basalt to andesite. Kırkgeçit Formation consists of flysch formed mainly by sandstone,
clayey-limestone and conglomerate lenses. Clayey-limestone samples were collected from Şahinkaya section, and were
analyzed for major, trace and rare earth elements (REEs). In samples Sc, Ni, V, Cu are higher, Th, Zr, Ba are lower
contents of with respect to PAAS, which can be explained as the result of Kırkgeçit sediments derivation from more basic
source than the PAAS. La/Sc, Sc/Th, Co/Th ratios of samples are concordant with basalt and andesites. Chondrite
normalized of sample group show that REE patterns have low LREE/HREE ratios and no Eu anomalies, and different
from Post Archean Australian Shale (PAAS), showing the source of two samples groups have basic - neutral in character.
Samples fall in the oceanic island arc field in the plot of SiO2 vs. K2O/Na2O, La/Sc vs. Ti/Zr diagram. All these
geochemical show that Elazığ Magmatics are the main magmatic unit which could give material to the investigated
Kırkgeçit marine sediments.
Keywords: Kırkgeçit Marine Sediments, Sediment Geochemistry, Post Archean Australian Shale (PAAS), Oceanic island
Arc Field
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1. INTRODUCTION
The geochemical composition of clastic rocks is
widely used to understand the composition Geochemical
compositions of siliciclastic rocks significant
information on the provenance as well as tectonic setting
(Roser and Korsch 1988; Dabard, 1990; McLennan et al.
1993). Eocene Marine sedimentary basins are
widespread in Eastern Turkey. In the Elazığ region
Kırkgeçit Formation covers an E–W oriented area about
40 km wide and 100 km long and has been the subject of
many studies (Perinçek 1980a; Özkul and Üşenmez,
1986; Turan and Bingöl, 1991; İbilioğlu, 2011; Çelik,
2013). Studied area is a one of these basins. Previous
studies on the Kırkgeçit Formation around study area
have focused mainly on sedimentary environment and
paleogeographical analyses (e.g., İbilioğlu, 2011, Çelik,
1013). However, the detailed geochemistry of this
marine clayey deposit has not been studied yet. The
main purpose of this study is to evaluate the composition
and the geochemistry (major, trace, and rare earth
elements) of Kırkgeçit marine sediments at the northern
vicinity of Elazığ.

2. GEOLOGY
The study area is located in northern vicinity of
Elazığ (Figure 1). The basement of the studied
sediments are Permo-Triassic Keban Metamorphics,
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upper Cretaceous Elazığ Magmatics, (Figure 1). The
Kırkgeçit Formation overlies the Elazığ Magmatics and
the Harami Formation with angular unconformity
(Figure 1). The Neogene basaltic volcanics are at the top
of the marine sediments around area. The Quaternary
alluviums are the youngest units at this area.
The Permo-Triassic Keban Metamorphites forms
one of the basement units to the Cenozoic sediments
Figure 1. This unit, consisting of marbles, calc-phyllites,
calc-schists and meta-conglomerates, which have
undergone amphibolite greenschist facies metamorphism
and been thrust over younger formations aruund Elazığ
(Turan and Bingöl, 1991). Metamorphic rocks, are the
oldest rock units, and are comprise only marbles in the
studied area.
The upper Cretaceous Elazığ Magmatic Complex
consists of very varied lithological components in the
Hakkari area (Turan et al., 1993). Elazığ Magmatics
represented by pyroclastic deposits and lavas from basalt
to andesite in study the area (Figure 1). The geochemical
study indicate that the Elazığ magmatic rocks generally
belong to a calc-alkaline series and that they are the
products of island-arc magmatism (Yazgan, 1974;
Yazgan and Chessex 1991).
The Eocene-upper Oligocene Kırkgeçit Formation is
the one of the most widespread units in the Eastern
Taurus region.
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Figure 1. Detailed geological map of the study area (modified from Türkmen ve Esen, 1997)
.

Figure 2. General view of (a) bedded, sandstones, (b) white and beige limestones (c). grey white beige carbonated
claystone alternations, (d).gravels in conglomerates, north of Şahinkaya village, (e) gray massive claystones in Kırkgeçit
Formation, The lower level of Şahinkaya section (f). Karabakır Formation, north of Şahinkaya village.
This flysch unit formed mainly by gray limestone,
sandstone, siltstone, white- beige carbonated claystone,
and brown conglomerate lenses around study area
(Figure1, Figure 2a-e). It is interpreted as having been
deposited in a back-arc setting, behind the PermoTriassic Bitlis Massif (Çelik, 2013). The Kırkgeçit Basin
is thought to have occurred within an extensional
regime, caused by subduction of the Arabian plate under
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the Anatolian plate (Özkul 1988). These rocks are
unconformably overlain by upper Miocene-Pliocene
lava flows and tuffites are stuated at the top and consist
of basaltic to andesitic in composition (Figure 2f).
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3. MATERIAL AND METHODS

4.1. Geochemistry

Clayey-limestone samples were collected along
Şahinkaya section (Figure 3). The samples were named
as SK. The morphology of clays were examined by
using Zeiss EVOMA10
mark scanning electron
microscope (SEM). Analyses were performed on gold
coated samples. Whole rock chemical analyses of 10
representative samples were made at Acme Analytical
Laboratories Ltd. (Canada), using ICP AES for
determination of major and trace elements and ICP-MS
for REEs. Correlation coefficients were calculated from
the data set for geochemical analyses Accordingly, the
significance level is α = 0.05.

4.1.1. Major and trace element geochemistry

4. RESULTS
4.1. SEM Studies
The SEM studies show clays are present in SK5
Sample. Clay flakes show rounded outline,
with a
particularly small platy thickness, suggesting that clay
particles had undergone dissolution during weatheing.
Sample include chlorite cement and little illite clays.
Diagenetic chlorite has been observed as pore space
filling. Chlorite is surrounded by quartz and calcite over
growths. Chlorites is characterized by thin stacks,
pseudohexagonal and lath shaped plates with 3-5 µm
crystal thickness (Figure 4a). Illite particles have been
observed as ribbon-like particles (Figure 4b).

Major and trace element concentrations, average (ẋ),
standard deviations (St.D.) of the analyzed samples are
given in Table 1. The average data of Post-Archean
Australian shales (PAAS, data from Taylor and
McLennan, 1985) which represent the felsic upper
continental crust composition are taken as reference. In
studied samples, average concentrations of SiO2, Al2O3,
Fe2O3 and MgO are analyzed as 35.43 %, 9.35 %, 5.19
%, and 3.68 % (Table 1). Fe2O3 and MgO is higher, K2O
is lower than PAAS show that investigated sediment are
derived from a more basic source than the PAAS (Figure
5a). According to SiO2/Al2O3 vs. Fe2O3/K2O ratios in
Herron (1988) diagram samples are defined as Fe shale
(Figure 5b).
Correlation analysis can reveal the element
associations. Some correlation graphics for major and
trace elements are shown in Figure 6. Fe2O3, Na2O, TiO2
show high positive correlation with Al2O3, shows that
they are mainly concentrated in phyllosilicates (Figure 6
a,b,c). In Figure 6d, Rb displays strong positive
correlation with K2O showing a similar geochemical
behavior, K2O and Rb are probably supplied by detrital
components in samples (Figure, 6 d) (Plank and
Langmuir, 1998).
Th, Zr, U, Ba elements are enriched in felsic rather
than mafic rocks (Ullah et al. 2015). Sc is higher at the
arc-related mafic rocks (Mohamed and Hassanen, 1996).
Higher content of Cu, Sc, Ni, Cr, and V transition metals
with respect to PAAS can be explained as the result of
sediment derivation from a more basic source than the
PAAS (Cullers, 1995). The Ba content of igneous rocks
generally increases with increasing Si content Smith
(1999a). Th, Zr, Ba are lower, Cu, Sc, Ni, V are higher
contents of with respect to PAAS can be explained as
the result of sediment derivation from a more basic
source than the PAAS (Fig. 7).

4.1.2. REE geochemistry
The REE concentrations of the SK samples are
given in the Table 2. Total REEs show a positive
correlation with Cs, Nb, Rb, Th in two sample group,
which mean that REEs are associated with clay and
feldspars (Figure 8). Different studies McLennan
(1989); Condie (1991) suggest that clay and heavy
minerals are the most significant host of rare earth
elements in sedimentary rocks. The negative correlations
between total (REEs), CaO is coherent with the decrease
in REE content with increasing carbonate content.
Chondrite-normalized patterns are plotted in
Figure 9. Chondrite normalized of sample group show
that REE patterns have low LREE/HREE ratios with
LREE (La/Lu) = 4.03, and no Eu anomalies, and Eu/Eu*
values mean=0.85 respectively (Table 2). On the other
hand samples show different patterns relative to PAAS
(Figure 9).

Figure 3. Şahinkaya lithostratigraphic section, showing
the location of samples.
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Figure 4. a. The SEM images of K5 sample. (a) Rounded clay flakes pseudohexagonal and lath shaped chlorites plates
(b) Platy –like chlorite and ribbon-like illites.
Table 1a. Major elemental abundances of Şahinkaya samples (SK) and Average Post-Archean Australian shale (PAAS;
data from Taylor and McLennan, 1985), average values of Elazığ Magmatics (ELM) were given for comparison(from
Dönmez, n=15).

Elements

Samples
SK1

SK2

SK3

SK4

SK5

SK6

SK7

SK8

SK9

SK10

ELM

Average

PAAS

SiO2

40,35

27,67

23,69

37,36

21,97

47,08

45,69

45,79

29,11

35,62

55,9

37,29

62,40

Al2O3

15,64

6,92

4,97

9,66

5,14

12,77

12,3

12,06

6,67

7,37

14,86

9,85

18,78

Fe2O3

8,54

3,5

2,9

6,18

3,2

7,3

6,87

6,7

3,47

3,2

7,43

5,39

7,18

MgO

2,96

3,14

2,79

6,19

3,54

4,06

3,95

4,17

3,39

2,6

4,51

3,75

2,19

CaO

9,38

29,34

33,57

16,74

33,44

11,3

12,67

13,2

28,13

24,83

5,92

19,87

1,29

Na2O

0,19

0,3

0,43

0,31

0,1

2,22

2,07

2,05

0,63

0,88

4,26

1,22

1,19

K2O

1,59

1,33

0,68

1,81

0,71

1,14

1,15

1,11

0,79

0,85

1,04

1,11

3,68

TiO2

0,69

0,4

0,32

0,54

0,29

0,77

0,73

0,71

0,39

0,36

0,85

0,55

0,99

P2O5

0,05

0,07

0,06

0,18

0,06

0,07

0,07

0,08

0,06

0,04

0,11

0,08

0,16

MnO

0,05

0,07

0,06

0,09

0,07

0,11

0,11

0,12

0,05

0,04

0,14

0,08

0,11

Cr2O3

0,011

0,02

0,04

0,051

0,026

0,014

0,015

0,013

0,083

0,08

0,017

0,03

0,016

LOI

20,4

27

30,2

20,6

31,3

13

14,2

13,8

27,1

24

4,88

20,59

…

Sum

99,87

99,82

99,83

99,79

99,84

99,86

99,86

99,86

99,86

99,88

99,97

99,86

…

Al2O3/TiO2

22,67

17,3

15,53

17,89

17,72

16,58

16,85

16,99

17,1

20,47

17,48

17,87

18,97

4. DISCUSSION
The goal of provenance studies is to deduce
the characteristics of sediment source areas. The
composition of sediments is primarily controlled by the
composition of the source rocks Provenance studies of
clastic sedimentary rocks often aim to nature of source
regions (Roser and Korsch 1988; Dabard, 1990;
McLennan et al. 1993).The chemical compositions of
sedimentary rocks depend on their source rocks, the
geochemistry of sedimentary rocks and their provenance
has been investigated by many workers (Dickinson and
Suczek, 1979; Valloni and Mezzardi, 1984). Al2O3,
TiO2, La, Y, Sc, Cr, Th, Zr and rare earth elements
(REE) are very suitable for provenance studies because
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of their relatively low mobility during weathering,
transport, diagenesis (Mc Lennan, 1983).
Al2O3/TiO2 ratios of most clastic sediments
display the average composition of the source area.
Al2O3/TiO2 ratios generally increase with increasing
SiO2 content. Al2O3/TiO2 ratios range from 3 to 11 for
mafic rocks, 11-21 for intermediate rocks and 21-70 for
felsic rocks (Hayashi et al. 1997). According to the
average Al2O3/TiO2 ratios are 20.23 for Kırkgeçit
samples show intermediate source rock for these
samples (Table 1).
La/Sc, Sc/Th, Cr/Th, Co/Th ratios are
particularly sensitive to the composition of sediment
sources (Taylor and McLenan, 1985). In SK samples,
La/Sc, Sc/Th, Cr/Th, Co/Th ratios are compatible with
andesites and basalts (Table 3).
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Table 1b. Trace elemental abundances of Şahinkaya samples (SK) and Average Post-Archean Australian shale (PAAS;
data from Taylor and McLennan, 1985) for comparison. Average values of Elazığ Magmatics (ELM) were given for
comparison (from Dönmez, n=15).

Ba
Ni
Sc
Co
Cs
Ga
Hf
Nb
Rb
Sr
Th
U
V
Zr
Y
Mo
Cu
Pb
Zn

SK1

SK2

SK3

SK4

SK5

SK6

SK7

SK8

SK9

SK10

Average

ELM

PAAS

112
20
21
16,6
3,0
13,5
1,9
3,9
40,6
105,4
2,4
0,5
166
70,7
14,1
0,1
46,6
5,3
62

148
118
11
10,0
3,2
6,4
1,4
5,0
48,2
680,9
2,8
1,2
83
56,6
11,7
0,1
28,3
7,0
58

125
110
8
12,5
1,9
4,3
1,5
4,4
24,3
826,9
2,2
1,2
55
56,1
10,7
0,1
17,5
5,6
37

169
304
16
30,3
4,6
9,8
2,1
7,5
61,0
332,0
4,4
1,2
118
76,6
14,2
0,5
38,4
9,2
72

138
149
8
14,8
2,2
5,0
1,0
3,9
26,1
597,9
2,3
0,9
60
41,7
9,0
0,1
24,4
4,9
42

114
31
22
18,2
0,9
11,8
2,2
2,4
25,7
155,0
1,8
0,8
182
82,7
20,7
0,3
37,6
10,6
83

111
32
21
19,2
0,9
11,4
2,3
2,7
27,3
156,9
1,5
0,9
174
76,4
19,9
0,4
37,9
10,5
72

105
30
20
17,3
0,9
11,2
2,4
2,5
25,0
146,2
1,6
1,0
168
76,0
20,1
0,2
33,4
10,8
75

92
137
10
14,7
1,3
6,3
1,4
5,0
23,5
348,2
2,3
1,4
83
54,6
11,2
1,5
20,9
7,3
43

104
82
9
12,4
1,2
6,4
1,5
4,4
21,2
351,4
2,1
2,4
90
56,9
10,1
1,9
12,0
7,8
37

122
101
15
17
2
9
2
4
32
370
2
1
118
65
14
1
30
8
56

103,32
88,36
28
23,2
0,2
14,6
2,4
1,6
28,8
193,2
1,7
0,3
229
76,8
28,8
0,86
36,78
0,8
58

650
55
16
23,0
15,0
…
5,0
1,9
160,0
200,0
14,6
3,1
150
210,0
27,0
…
50,0
20,0
85

Table 2. Trace elemental abundances of Şahinkaya samples (SK) and Average Post-Archean Australian shale (PAAS;
data from Taylor and McLennan, 1985) and Average values of Elazığ Magmatics (ELM) were given for
comparison(from Dönmez, n=15).
SK1

SK2

SK3

SK4

SK5

SK6

SK7

SK8

SK9

SK10

Average

ELM

PAAS

La

9

11,4

9,2

14

8,6

6,6

6,4

6,4

10

9,5

9,1

10,5

38

Ce

17,7

20,8

17,1

26,4

14,3

13,3

12,1

13,4

17,8

15,5

16,8

23,3

80

Pr

2,35

2,5

2,18

3,19

1,82

1,91

1,82

1,86

2,28

2,19

2,2

3,32

8,83

Nd

9,3

9,1

8,3

12,6

7

8,9

7,8

7,8

8,7

8,6

8,8

15,2

33,9

Sm

2,21

1,97

1,65

2,47

1,4

2,36

2,32

2,29

1,9

1,79

2

3,9

5,6

Eu

0,72

0,57

0,47

0,67

0,4

0,86

0,78

0,8

0,51

0,53

0,6

1,22

1,1

Gd

2,61

2,13

1,75

2,5

1,59

3,11

2,97

2,95

1,99

1,93

2,4

5,07

4,66

Tb

0,45

0,34

0,27

0,4

0,23

0,56

0,51

0,52

0,31

0,31

0,4

0,9

0,77

Dy

2,64

2,04

1,7

2,35

1,37

3,46

3,28

3,34

1,92

1,92

2,4

5,06

4,68

Ho

0,57

0,4

0,35

0,5

0,31

0,8

0,74

0,75

0,34

0,39

0,5

1,24

0,99

Er

1,65

1,21

1,07

1,57

0,93

2,46

2,38

2,32

1,18

1,15

1,6

3,73

2,85

Tm

0,26

0,17

0,14

0,23

0,13

0,33

0,31

0,34

0,18

0,16

0,2

0,62

0,4

Yb

1,74

1,18

0,96

1,38

0,84

2,31

2,09

2,18

1,1

1,1

1,5

3,67

2,8

Lu

0,26

0,18

0,15

0,23

0,12

0,36

0,36

0,37

0,16

0,17

0,2

0,6

0,43

(La/Lu)N

3,01

5,51

5,33

5,29

6,23

1,59

1,55

1,5

5,43

4,86

4,03

1,5

7,7

(La/Yb)N

3,82

7,14

7,08

7,5

7,57

2,11

2,26

2,17

6,72

6,38

5,3

2,1

1,4

(La/Sm)N

2,66

3,77

3,64

3,7

4,01

1,82

1,8

1,82

3,43

3,46

3

1,75

4,42

Eu/Eu*

1,13

1,46

1,46

1,43

1,55

0,87

0,86

0,82

1,58

1,40

0,85

0,2

0,64
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Table 3. Elemental ratios of SK samples. Condie, (1993).
Granit

Ofiyolit

Basic
Rocks*

Silsic
Rock*

SK
samples

La/Sc

8

0.25

0.4-1.1

2.5-16

0.75

Sc/Th

0.28

56

20-25

0.05-1.2

7.07

Cr/Th

0.44

410

22-100

0.5-7.7

103.96

Co/Th

0.17

70

7.1-8.3

0.22-1.5

7.55

dioritic plutonic rocks at the base, through basaltic–
andesitic volcanics, volcaniclastics (Aksoy, 1993).
La/Sc, Ti/Zr ratios have been used to discriminate
sediments from different tectonic settings (Bahatia and
Crook, 1986). Samples plot in the fields are grouped as
arc related on the SiO2 versus K2O/Na2O diagram
(Herron, 1988). (Fig. 10a). In the plot of La/Sc vs. Ti/Zr,
SK samples fall in the oceanic island arc field (Figure
10b).
Many workers studied the Elazığ Magmatics around
study area (Bingöl, 1988; Aksoy, 1993,Yazgan and
Chessex, 1991). They defined that these magmatics are
typical in island arc tholeiites, and are formed in Late
Cretaceous aged island-arc related to the suprasubduction zone of the southern branch of Neotethys.
İbilioğlu (2011) stated that Elazığ Magmatics are the
important source rock of Kırkgeçit sediments. The
comformity of Sk samples with Elazığ Magmatics is in
accordance with this statement.

5.CONCLUSION
These first data of Sahinkaya samples from Kırkgeçit
marine clayey sediments are used to deduce following.
Figure 5(a) . PAAS-normalised distribution of major
oxide patterns of SK samples.b PAAS-normalizing
values are from (Taylor and McLennan,
1985).
(b).Chemical classification scheme for studied samples
(after Herron, 1988).

REE patterns have been used generally in
geochemical studies of sedimentary rocks. REE
are most suitable for the determination of
provenance and tectonic setting. The degree of
differentiation of LREE from HREE is a measure of the
proportion of felsic to mafic components in the source
region (Taylor and McLennan 1985). Enrichment or
depletion of LREEs and HREEs was quantified by the
ratio of (La /Yb)N (N: chondrite normalized; (data from
Sun and McDonough 1989).
Average (La/Yb)N is 5.28 and (Gd/Yb)N is 1.36.
These values are notcompatible with PAAS, showing the
source of two samples groups has basic-neutral in
character (Table 2). Average Eu/Eu* value is 0.85,
which is also support to a mafic-neutral source rocks
(McLennan et al. 1993; Cullers, 1995). These findings
show the source of sample groups have basic-neutral in
character. This source rock must be Elazığ Magmatics
which consists of vertical sequence from gabbroic–
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1. The basement of the studied sediments are PermoTriassic Keban Metamorphics, upper Cretaceous Elazığ
Magmatics.
2. Rounded clay flakes show in scanner electron
microscope (SEM). SK samples includes chlorite
cement and little illite clays.
3. According to SiO2/Al2O3 vs. Fe2O3/K2O ratios, SK
samples are mainly defined as Fe shale.
4. Average Al2O3/TiO2 ratios of SK samples show
intermediate source rock.
5. Th, Zr, Ba are lower, Cu, Sc, Ni, V are higher
contents with respect to PAAS. This show that
investigated sediments are derived from a more basic
source than the PAAS.
4. La/Sc, Sc/Th, Cr/Th, Co/Th ratios are coherent with
andesites and basalts in samples.
5. REE geochemistry of SK samples shows basic-neutral
character.
6. SiO2 versus K2O/Na2O and La/Sc vs. Ti/Zr diagrams
show that SK samples fall in the oceanic island arc field.
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Figure 6. Correlation coefficients between a. some major oxides and Al 2O3, b.Rb and K2O elements.

Figure 7.
PAAS-normalized distribution of trace
element patterns of samples. PAAS-normalized values
are from (Taylor and Mc Lennan, 1985).

Geochemical properties are concordant with
stratigraphy of area. As mentioned earlier Keban
Metamorphics, Elazığ Magmatics are prevalent at the
basements of Kırkgeçit marine sediments. Keban
Metamorphics has marble and could give only carbonate
solutions to the Kırkgeçit marine environments. Elazığ
Magmatics are the main magmatic unit which could give
material to the Kırkgeçit sediments. The similarity of
Elazığ Magmatics and stuided Kırkgeçit samples support
this phenomena. This first geochemical analyses of SK
samples presents the initial findings based on a limited
number of samples from Kırkgeçit Formations.
Provenance and tectonic reconstruction could be made
by detailed geochemical analyses coupled with
mineralogic- petrographic descriptions on vast number
of samples collected from different parts of Kırkgeçit
marine basins in Eastern Anatolia.

Figure 8. Some element correlations with total REE.
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ABSTRACT
The purpose of this study is to estimate strain ratio and determine deformation characteristics of PalaeozoicMesozoic aged rocks using the metaconglomerate. Marbles, metaclastics and metamagmatics of Silurian-Lower
Triassic Sızma Complex are the oldest rocks of the region and they are deformed by pre-Alpine orogeny. This
assemblage is overlain unconformably by Triassic-Cretaceous Ardıçlı Group consisting mainly of metaclastic,
marble and metachert. Miocene-Quaternary aged continental and volcanic rocks form the unmetamorphosed
cover rocks of the region. Both the Sızma Compleks and Ardıçlı Group were deformed, folded, cleaved and
metamorphosed during the Alpine orogenic events. In the both rock units, metaconglomerates are commonly
encountered. The pebbles of metaconglomerates were flattened paralel to the cleavage surface and their long
axes were oriented. Metaconglomerates vary greatly in origin according to the composition of the gravel and
size, binding materials and textural characteristics. For this reason, strain variations were observed in the rocks.
In order to reveal these variations, Rf/φ’ method was used for clast strain and Fry analysis for whole rock strain.
The clasts plot within the fields of apparent flattening and apparent constriction and are characterized by kvalues between 2.39-0.31 on the Flinn diagram. Plot on the Nadai (Hsü) diagram shows that Strain magnitude-Ɛs
and Lode’s parameter-ⱱ values of metaconglomerate ranges between 0,5 -1,5, +0,5 -0,5 respectively. In other
words the shape of the pebbles range from oblate or pancake to the cigar-like shape. According to the
composition, pebbles of quartz and quartzite are least deformed while the pebbles of originally pelitic rocks are
deformed the most. The long axes of the pebbles developed both parallel and perpendicular to the earlieast fold
hinges. Similarly, some of the long axes of the pebbles are parallel to the north-south trending tectonic
transport directions, where as others are perpendicular.
Keywords: Strain analysis, Deformed Pebbles, Konya, , Rf/φ’ Method, Fry Method
* Corresponding Author.
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ABSTRACT
In this study, it is aimed to make geometrical classifications and analysis of mesoscopic folds of PaleoceneEocene aged units using the dip isogons, thickness variations and Fourier analysis, in the north of Nevşehir
region. In the region the basement is made up of Paleozoic-Mesozoic high-grade metamorphic rocks of Kırşehir
Massif. These rocks are covered unconformably by the Paleocene-Middle Eocene aged continental and marine
rocks of the Ayhan group. Oligocene-Quaternary rocks rest on the over the older units with angular
unconformity. The rocks of Ayhan Group which originally represented a back-arc settings were deformed and
gained thrusted-imbricated and poly-phase folded structures before the Middle Miocene time. The dimensions of
the folds vary from outcrop to the map scale. The first phase of the deformation generated sheath folds and Type
3 refolded folds which are typical for shear zones, in the Paleocene-Eocene aged rocks. According to the layer
thickness variations, the folds are generally Class 1C flattened parallel folds and Class 2 similiar folds in shape.
Rarely, Class 1A and Class 1B folds are also present. The flattening ratio (ʎ2/ʎ1)1/2 of Class 1C folds varies
from 0.25 to 0,71. According to the Fourier analysis, it is observed that the folds shapes in the region mostly
change from the sinousidal to the chevron form, and although it is rare the box fold can be observed. The b 1 and
b3 Fourier coefficients values vary from 4,14 to 0, and from -0,61 to 0,02, respectively. The Dip Isogonal
Classification of Folds has shown that the folds in the competent rocks (limestone and sandstone) generally are
Class 1B and 1C, and in the incompetent rocks (Mudstone, shale and siltstone) are Class 1C and 2.
Keywords: Nevşehir, folds, Dip isogons,Paleocene-Eocene, Fourier Analysis
*Ramazan Demircioğlu
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ABSTRACT
Glass fiber reinforced polymer (GFRP) composites are more preferred in many industrial applications due to
their superior mechanical properties compared to conventional materials. Although GFRPP composite parts
are produced close to the desired shape, they usually require edge milling. Damage is caused by the tendency
of the layers to be separated from the layered structure of the glass fiber reinforced polymer composite materials
during milling. The selection of the appropriate milling process parameters is very important in order to reduce
the damage in the glass-fiber reinforced polymer composites. In this study, the effect of rotational speed,
progression and cutting depth on delamination damage and surface roughness of the GFRP composite materials
during milling were investigated. Experimental design was designed with Taguchi design method to examine
the processing properties of GFRP composite materials. We performed 27 experimental data using a stereo
microscope to calculate the delamination factor of each experimental data. The effect of three parameters was
determined by taking surface roughness and delamination measurements into consideration. It was observed
that the spindle speed had a significant effect on delamination.
Keywords: Milling, GFRP, Delamination, Taguchi’s method
* Corresponding author
1. INTRODUCTION
Glass fiber reinforced polymer (GFRP)
composites are more preferred in many industrial
applications due to their superior mechanical
properties compared to conventional materials.
GFRP composite materials, which have a wide
range of applications, are suitable for use with
machining methods such as cutting, drilling, milling
and turning.
Among the various industrial processing
processes of GFRP composites, milling is a basic
processing method. However, in the case of
composite materials, the milling layer structure is
difficult due to high structural rigidity and low
thermal conductivity of plastics. Because of the
processing of the material in these values,
undesirable conditions such as roughness,
delamination and fiber breakage occur in the
material. They reduce the useful life of the material.
The delamination and surface roughness of
GFRP composites are the properties that can affect
the dimensional accuracy, the performance of the
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mechanical parts and the cost of production. In
order to reduce the negative consequences and
obtain a better surface, many studies have been
carried out to optimize the cutting parameters in the
milling process. Looking at these studies;
Jenarthanan and Jeyapaul have used Taguchi
L27 orthogonal sequence to create experimental
design and to determine the effect of cutting
parameters on surface roughness. They determined
that delamination would be reduced by the lower
feed rate, fiber angle and helix angle selection in the
study they evaluated with delamination factor
calculation and surface roughness (Jenarthanan and
Jeyapaul, 2013).
Ghalme et al. have focused on determining the
cutting parameters in the form of optimum cutting
depth, feed and cutting speed to achieve the desired
surface quality. They reported that they measured
the low roughness value in their studies with low
cutting speed (Ghalme et al., 2016).
Azmi et al. GFRP tested materials for tool wear
in the milling of composite materials. They
evaluated the test data according to the Taylor’s
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equation and stated that the cutting speed had a
significant effect on the tool life (Azmi et al., 2012).
In another study, they have concluded that the feed
rate has the greatest effect on surface roughness by
processing in different experimental parameters
(Azmi et al., 2013).
Prasanth et al. produced a milling study in order
to evaluate the cutting parameters of the GFRP
composite parts for the delamination factor and
surface roughness. They observed the increase in
delamination factor and surface roughness by
increasing the spindle speed and feed speed as a
result of their work with carbide end mills (Prasanth
et al., 2017).
Erkan et al. GFRP used Artificial Neural
Networks for the detection of damages in the
milling of composite materials. They experimented
with different helical angles, cutting and feed
speeds, and found that increased cutting and feed
rates increased plastic deformation. They also stated
that they had a very low error rate between the
program outputs and the experimental data they
developed with MATLAB software (Erkan et
al.,2013).
Jenarthanan et al. have experimented with the
experiment to change the processing power in the
milling of GFRP composite materials using
different helix angle, fiber orientation, cutting and
feed speeds. They stated that the processing power
is inversely proportional with the fiber orientation
and feed rate, the helix angle and the cutting speed
(Jenarthanan et al.,2017).
Kumar et al. They used different fiber angles,
cutting depth, feed and cutting speeds in order to
compare the delamination factor to the
experimental and Artificial Neural Network data.
The two data values were determined to be close to
each other and the rate of progression was the most
effective parameter in delamination (Kumar et
al.,2016).
Studies about GFRP composite materials
mentioned above mentioned fiber orientation, helix
angle, depth of cut, speed and the effects of progress
on delamination and surface roughness. The aim of
this study was to investigate the delamination of
GFRP composite materials and to determine the
optimum values of cutting depth, cutting and feed
rates in order to obtain better surface quality.
2. MATERIALS
PROCEDURE

AND

EXPERIMENTAL

2.1. Material

Table 1. Properties of resin and hardener used
in glass fiber reinforced composite production
Material

Trade name

Epoxy Resin

POLİPOL
3455
A 60

Hardener

Weight
percentage
100
10-12

Milling was performed on a TAKSAN CNC
vertical machining center milling machine. The
maximum speed is 8000 rpm. Mitotoyo vibratory
vibrator was used to measure the vibration during
processing. The experimental setup is shown in
Figure 1.

Figure 1. Experimental setup

TIME-TR200 hand surface roughness tester was
used to measure the surface roughness values of the
milled specimens. The measurement accuracy of
the TIME TR-200 is 0.01-0.04 μm and the
measurements are 0.25, 0.8 and 2.5 mm.
2.2. Design of experiments
10 mm diameter carbide end mill was used in
the experiments. The milling parameters and values
used in the tests without the use of coolant are given
in Table 2.
Table 2. Milling parameter
No
Feed
Spindle
(mm/rev)
speed (rpm)

Cutting
depth (mm)

1

0.1

750

1

2

0.15

1000

2

3
0.2
1250
Mitutoyo vibrator was used to examine the
vibration values of tool vibrations according to
cutting parameters.
3

2.3. Delamination Factor (FD)

In order to investigate the delamination in
milling of GFRP composite materials, a composite
material of 30x50 and 14 mm thickness was
produced by manual deposit. The properties of the
material are shown in the table (Table 1).
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The following correlation is used for the
delamination measurement after milling in
composite materials:
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𝑭𝑫
=

𝑾𝒎𝒂𝒙
𝑾

Figure 2. The delamination factor diagram in
milling of glass fiber reinforced polyester
composites
The desired milling size W here represents the
maximum delamination width formed in the W max
milled area.
2.4. Design of experiments
In order to reduce the delamination that will
occur during milling of the glass fiber reinforced
polymer composite material, the A-speed, B-feed
and C-cutting depth are determined as different
cutting parameters. Three different values were
taken from each of the specified cutting parameters
and experiment design was carried out with Minitab
package program. Table 3 shows the experimental
design.

Table 3. Experimental Design
Experiment No
A
B
1
1
1
2
1
1
3
1
1
4
1
2
5
1
2
6
1
2
7
1
3
8
1
3
9
1
3
10
2
1
11
2
1
12
2
1
13
2
2
14
2
2
15
2
2
16
2
3
17
2
3
18
2
3
19
3
1
20
3
1
21
3
1
22
3
2
23
3
2
24
3
2
25
3
3
26
3
3
27
3
3

C
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

3. RESULTS AND DISCUSSIONS
Milling tests were performed to evaluate the
effect of the cutting parameters on the delamination
of the glass fiber reinforced polymer composite

a) Sample with a cutting depth of 1
mm, a feed of 0.15 mm / rev and a
revolution of 1000 rpm

materials. The test specimens were detected with a
20x magnification stereo microscope. 27 samples
were examined by microscope.

b) Sample with 2 mm cutting depth,
0.15 mm / rev feed and 1000 rpm speed
Figure 3. Microscope images of samples
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c) Sample with 3 mm cutting depth,
0.15 mm / rev feed and 1000 rpm speed
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Image Using the Focus Alpha software, the
actual area of each sample and the area where
delamination occurred were measured (Figure 4).

Figure 4. Measurement of the delamination width
of the image taken from the microscope

Delamination factor (FD) was calculated by
determining the maximum width at which the
normal width and delamination occurred (Table 4).
Table 4 shows the effect of cutting parameters on
the delamination factor in milling glass fiber
reinforced polymer composite materials.
As a result of the experiments, it is observed that
the increase in the amount of progress increases the
delamination. The reason for this is thought to be
the effect of increasing progress and increasing of
the progressive force. As a matter of fact, vibration
values increased and this increased delamination by
increasing the amount of progression according to
the values in the vibration graph (Table 5).
As the number of revolutions increases, there
will be heat increase and softening occurs around
the milled area. In addition, the diameter of the
diameter will be more affected by the increase in the
diameter of the diameter of the delamination effect.
Increased delamination of large diameters is
observed.

Table4. Experimental results

Experiment
No

Feed
(mm/rev)

Spindle Speed
(rpm)

Cutting depth
(mm)

Maximum
Delamination
Width
(mm)

Delamination
Factor
FD

1

0,1

750

1

11,39

1,14

2

0,15

750

1

11,96

1,20

3

0,2

750

1

12,13

1,21

4

0,1

1000

1

10,73

1,07

5

0,15

1000

1

11,01

1,10

6

0,2

1000

1

12,47

1,25

7

0,1

1250

1

10,78

1,08

8

0,15

1250

1

11,02

1,11

9
10

0,2
0,1

1250
750

1
2

12,80
11,01

1,28
1,10

11

0,15

750

2

11,30

1,13

12

0,2

750

2

12,89

1,29

13

0,1

1000

2

10,93

1,09

14

0,15

1000

2

12,27

1,23

15

0,2

1000

2

13,10

1,31

16

0,1

1250

2

10,58

1,06

17

0,15

1250

2

12,22

1,22

18

0,2

1250

2

11,25

1,13

19

0,1

750

3

13,95

1,40

20
21
22
23
24
25
26
27

0,15
0,2
0,1
0,15
0,2
0,1
0,15
0,2

750
750
1000
1000
1000
1250
1250
1250

3
3
3
3
3
3
3
3

16,07
17,45
17,10
17,58
17,64
15,33
15,48
15,87

1,61
1,75
1,71
1,76
1,76
1,53
1,55
1,59
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1 mm

2

and roughness values were evaluated and the
following results were obtained:
• The amount of delamination was affected by
the number of rotations, feed and depth of cut,
respectively.
• The machined quality of the machined surfaces
is greatly influenced by the number of revolutions,
followed by the progress amount. It was determined
that the increase of the cutting area at the cutting
depth increased the surface roughness.
The selection of the number of revolutions to
minimize the amount of delamination has the most
important effect. As a result of our experiments,
1250 rpm speed, 0.1 mm / rev.

2mm

Frekans (Hz)

1,5
1

0,5

1
10
19
28
37
46
55
64
73
82
91
100
109
118
127
136
145

0
Zaman (sn)

Table 5. Vibration values on the work piece
when milling is performed
35
3
m…

PÜRÜZLÜLÜK DEĞERİ

30
25
20
15
10
5
0
1

2

3
4
5
6
7
DENEY NUMUNELERİ

8

9

Table 6. Roughness values of test samples
The effects of the milling machining parameters
of the glass fiber reinforced polymer composite on
the Ra surface roughness are as in table 6. It is seen
that the depth of cut and the number of rotations
have a significant effect on the surface roughness.
The effect of the cutting depth is largely due to the
increase in the cross section area and the number of
fiber layers to be cut. It is seen in the vibration graph
where the forces formed by the increase of the
cutting area increases. The increased speed caused
a reduction in deformation by maintaining the
machined surface of the material at the work tool
interface during the cutting process. The increase in
the number of revolutions thus resulted in a lower
surface roughness. However, the depth of cut
increased the vibration of the cutting tool. These
high vibration values create tool wear by increasing
the cutting force in the processing of gfrp
composites. Therefore, any changes in these
parameters significantly affect the amount of force
that the cutting tool is subjected to during
machining.
4. CONCLUSION
In order to investigate the delamination of glass
fiber reinforced polymer composite materials,
experiments were carried out extensively with a
carbide end mill in different machining parameters.
The integrity of the treated surface, vibration graphs
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ABSTRACT
Rapid urbanization, population growth and industrialization in the world accelerated the increase of
household waste and industrial waste. These rapid increases have become the problem of the world, out of
the problems of cities and even countries. One of the most fundamental causes of these problems is
unconscious and overuse as fossil fuels will never be consumed. Environmentally friendly and unexploited
energy sources have become a necessity as an alternative to these unconscious fossil fuels that are a major
threat to the environment. Turkey in terms of renewable energy sources, although a lot luckier than their
European located far behind and are particularly benefiting enough from solar and wind energy. In the study;
The wind speed and solar radiation potential for energy production purposes were determined and analyzed
in Aydıncık İlçesin, Mersin. Within the established measuring station; There are 1 wind speed measurement
sensor at 5 meters and 3 wind speed measurement sensors at 10 meters and 1 wind direction measurement
sensor at 15 meters. In addition to these sensors, a 5 temperature meter, a pressure meter, a relative humidity
meter, and a 10-meter pyramid meter were installed. First, potential identification studies were conducted
with the data received and the results were analyzed according to the month. According to the analysis
results; solar radiation and wind speeds have been found to be acceptable enough. Solar and wind hybrid
energy production can be done around the measurement station.
Keywords: Renewable Energy, Wind Speed, Solar Radiation
* Corresponding author

1. INTRODUCTION
Despite the ever-increasing energy demand,
fossil fuels will be inadequate in the future. Due to
the rapid growth of the industrialists and the fact
that their energy needs are largely met by fossil
fuels environmental pollution is increasing
significantly (Zile, 2004). The health of human
beings and other living beings is threatened.
Existing energy production and consumption
systems can be used to produce air, water and soil
at local, regional and global scale pollution (Zile,
2005). The resulting pollutants resulting from the
use of fossil fuels cause global warming and,
consequently, climate change. This brings new
energy sources to the forefront. For this purpose,
renewable energy such as solar, wind, geothermal,
biomass
and
hydropower
(Zile,
2008).
Investigations are being carried out in order to
apply the resources in different sectors. It should
determine as much as possible the energy potential
and problems of the near past and present of any
settlement (Zile, 2011). Potential developer
workshops should be undertaken. All details of
climate and meteorological data should be known
and studied in order to find solutions and suggest
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alternatives (Zile, 2013). Climate parameters are
being studied in many parts of the world and in our
country. Determination of weather conditions,
sunshine intensity and wind power potential in
Aydıncık District of Mersin Province work has
been done. Solar energy is very high, wind energy
is water can be used to pump electricity and meet
the electricity needs of small businesses (Zile,
2013, Zile, 2016). The aim of this study is to
determine the renewable energy potential by
examining the air parameters such as pressure,
temperature, humidity, wind speed, sunshine
intensity and sunrise duration of Aydıncık District
using linear regression models. It is to provide a
preliminary idea of the thefts to be theoretically or
experimentally in these issues in the coming years
(Zile, 2018).
2. RESEARCH METHOD
The wind speed and solar radiation potential
for energy production purposes were determined
and analyzed in Aydıncık Districts of Mersin
Province. Within the established measuring
station; there are 1 wind speed measurement
sensor at 5 meters and 3 wind speed measurement
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sensors at 10 meters and 1 wind direction
measurement sensor at 15 meters. In addition to
these sensors, a 5 temperature meter, a pressure
meter, a relative humidity meter, and a 10-meter
pyramid meter were installed. Sunrise and wind
speed measurements were made at an average
speed range of typically 10 minutes to 60 minutes.
This is due to the fact that the configuration is easy
to accomplish with many standard evaluation
programs. The C sharp software was used to store
the data from the measuring station. The software
collects the incoming signals and records them in
daily and monthly files in the form of 10 minute
averages. The 12-month sunshine, wind speed and
direction information in the area being measured is
stored in separate data groups. Through software
and data analysis modules, data processing
(preparation of frequency and cross tables,
drawing of graphs, calculation of descriptive
statistics, regression and correlation analysis,
multivariate analysis, compatibility analysis, time
series analysis, explanatory data analysis and
quality control analysis can be done.. Potential
identification studies were conducted with the data
received and the results were analyzed according
to the month.
3.
INSPECTION
PARAMETERS

OF

CLIMATE

Measurement station location is shown in
Figure 1. The station where the wind and sun data
is taken is located in Aydıncık District with a bird's
eye view 2 km and a distance of 3 km in the north
upper region. The measurement station is located
at 36.167627 and 33.308912 latitude and
longitude.

Fig. 2. Wind speed/solar radiation measuring
station.
The wind speed/solar radiation measuring
station is shown in Figure 2. In order to select the
most suitable place for the measurement station,
the direction is taken according to the structure of
construction, natural obstacle and the structure of
the land. Care has been taken to ensure that the
station is not damaged, is close to an electrical
power source, and has a low cost of installation,
maintenance, and observation. The pyranometer
used in the measuring station is shown in Figure 3.
A pyranometer is a type of actinometer used for
measuring solar irradiance on a planar surface and
it is designed to measure the solar radiation flux
density (W/m 2 ) from the hemisphere above
within a wavelength range 0.3 μm to 3 μm.
However, recent technical development includes
use of electronics in pyranometers, which do
require (low) external power.
The anemometer used in the measuring station
is shown in Figure 4. An anemometer is a device
used for measuring the speed of wind , and is also
a common weather station instrument. The speed
of rotation of the anemometer should be
proportional to the wind speed, because the force
produced on an object is proportional to the speed
of the fluid flowing past it, but other factors
influence the rotational speed, including turblence
produced by the apparatus, increasing drag in

Fig. 1. Measurement station location
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opposition to the torque that is produced by the
cups and support arms, and friction of the mount
point. The temperature meter used in the
measuring station is shown in Figure 5.

included in data recorders. A standard data line is
required for this connection.

Fig. 6. Datalogger panel

Fig. 3. Pyranometer

Fig. 4. Anemometer

Fig. 5.Temperature Meter
The datalogger panel used in the measuring
station is shown in Figure 6. The datalogger panel
is an access tool that records the measurements
made and allows the data to be transmitted to the
user over the internet in places where physical
access is not possible. All sensors in the station are
collected in seconds and the 10-minute averages,
standard deviations, maximum and minimum
values are recorded. At the end of one day
measurement period, 150 lines of data are recorded.
With remote access modules, many options such
as remotely accessing the measurement station,
monitoring instantaneous values, downloading
data are possible thanks to advanced software

186

The pressure of water vapor in the air and the
weight that the gases exert on the bodies are called
pressure. Solid, due to their liquid and gaseous
weights they apply a force to the surface. The
warming air expands and rises. As a result, the
pressure decreases. The cooling air becomes heavy
and it descends. As a result, the pressure increases.
As you go up the heights, the density of the
atmosphere decreases. The result is pressure as it
gets higher, it decreases. The pressure with the
altitude is inversely proportional. As the average
increases every 10.5 meters, the pressure decreases
by 1 mb. A tool for measuring elevation by
utilizing this pressure reduction has been
developed. This is called an altimeter. Density is
the ratio of water vapor and gases in the
atmosphere. As the density increases, the pressure
increases. The weight of the air is a work of
gravity. For this reason, gasses are involved. Due
to the shape of the world, the attraction in the poles
is greater. In high pressure areas; there is a
declining air movement. For this reason no
precipitation occurs. Air movement is right around
the center. The weather is usually open. For this
reason, the heat loss of the place is high. In low
pressure areas; there is a rising air movement. The
rising air cools and releases rain. The air is right
around the center of the movement. The weather is
usually off. For this reason, the heat loss of the
place is low. The source of heat on earth is the sun.
The amount of heat the earth receives from the sun
is called temperature. During cold and stagnant
weather, the cold weather collapses on the floor.
Hot weather also rises above it. Thus, as the
temperature rises, the temperature increases
somewhere. This is called temperature sickness.
This event further increases air pollution in urban
areas. As the fall angle of the heat is smaller, the
road in the atmosphere extends. Eclipse increases.
The temperature is reduced. With the effect of
latitude, the falling angle of the sun's rays shrinks
towards the poles and the temperature decreases.
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The temperature decreases by 1 °C every 200 m.
as it rises. The temperature increases by 1 °C every
200 m. Humidity prevents a place from
overheating and cooling down. In a place where
you have a lot of humidity, the air gets late, it gets
cold. The temperature difference is low. If
humidity is low; the air gets warm quickly, it cools
down quickly. The difference in temperature is
high. The humidity decreases as you go out to
higher altitudes. For this reason, the air quickly
heats up in a high place, it cools down quickly.
Winds from areas close to the arctic region will
reduce the temperature, while those from nearby
areas will increase the temperature. The winds
blowing from the sea are refreshing and cool in
summer. Humidity is a very important element in
the development and continuation of living things
on earth. It is also very important in terms of
weather and climate conditions. Above all, the
source of water is water vapor. Water evaporates at
every temperature. For this reason, there is a
constant amount of moisture in the atmosphere.
This is called atmospheric humidity. The meter
measuring the humidity is also called the
hygrometer. Absolute moisture, 1 m3 of air
contained in the air as the weight is called. The
amount of water vapor is never the maximum
amount of air maximum humidity, maximum
amount of moisture that 1 m3 of air can carry under
a certain temperature and pressure. As the
temperature increases, the volume of the air
expands and the amount of moisture it can get
increases. When the air cools, the volume shrinks
and the humidity that it can absorb is reduced.
Relative Humidity is the ratio of the amount of
moisture contained in a mass of air at a given
temperature to the maximum amount of moisture
that can be absorbed at that temperature. The
relative humidity decreases as the temperature
increases. The reason is that the volume of
warming air expands. The humidity that can be
absorbed increases. As the temperature decreases,
the air volume shrinks. The humidity that can be
absorbed is reduced. So the humidity of the air is
reduced. So the relative humidity increases. The
evaporation increases as the relative humidity
decreases. Evaporation is reduced as the relative
humidity increases. Wind is the direct air
movement from high pressure to low pressure. The
first event to be seen in case of a temperature
difference in two nearby centers is that the wind
starts to blow. In any place, the direction of the
wind that dominates the most favorable direction
of the wind in the year is called the wind direction.
It is called an anechoic anemometer that measures
the speed of the wind. As the speed of the wind
increases, the internal heat becomes colder. The
temperature increases. The humidity of the air
grows its prominence. While the winds give
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direction to the ground, they also affect the speed.
For example, in a rough area, the speed of the wind
is reduced. The order, the throats, the deep and
long valleys change the true direction of the winds.
As the pressure difference increases, the speed and
the intensity of the wind increase. The winds
always run straight from high pressure to low
pressure. The period of the sun's heat, how much
of the sun's day is passing, is called the heliograph.
The heliograph tool records the direct solar heat
from the sun on a diagram. The temperature
increases as the duration of sunshine increases. If
the sunshine duration is high in summer, the
temperature values are high. The radiation
measurement is measured by an actinography. The
actinography is an instrument that records the total
radiation intensity coming from a horizontal
surface onto a calorie diagram.
4. DETERMINATION OF WIND SPEED
AND SOLAR RADIATION POTENTIAL IN
AYDINCIK DISTRICT
Sensor measurement ranges; the temperature
sensor is 0,1%, the wind speed sensor is 0,3-98
m/s, the humidity sensor is 0-100%, the direction
sensor is 0,2 m/s wind speed. The wind direction
measurement sensor gives the directions in 3600 as
the starting point will be exactly north of the
direction. The radiant intensity meter is mounted
in the south direction to give the measurement
results in W/m2. The datalogger uses a solar panel
of 25 cm. x 25 cm. for the energy it needs during
recording. Aydıncık District has an important
place in terms of solar energy and wind potential.
Because of this feature, it is understood that solar
and wind energy production is evaluated in the
best way and important work should be done in
this respect. The data obtained from the measuring
station throughout the year are given in Table 1.
Table 1. The data obtained from the measuring
station

According to the measurements made, the total
amount of solar energy measured in Aydıncık
District is 1525 (kWh/m2). The average amount of
solar energy is 127 (kWh/m2). The duration of
sunshine per year is 3005 (hours/year). Annual
wind speed average value (km/hour) measured in
Aydıncık District is 38 km/hour. The temperature
(oC) measured in Aydıncık District during the year
is shown in Figure 3.
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Fig. 3. Temperature (oC) in Aydıncık District
during the year

Fig. 4. The sunhine duration (cal/m2) in Aydıncık
District during the year

Fig. 5. The amount of solar radition (kwh/m2) in
Aydıncık District during the year

Fig. 6. The wind speed values (km/hour) measured
in Aydıncık District during the year
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The sunshine duration (cal/m2) measured in
Aydıncık District during the year is shown in
Figure 4. The amount of solar radition (kwh/m2)
measured in Aydıncık District during the year is
shown in Figure 5. The wind speed values
(km/hour) measured in Aydıncık District during
the year is shown in Figure 6. Established
measurement station Solar radiation, wind speed
and direction data were obtained for 12 months
between July 2017 and July 2018. Criteria such as
the high area to be measured and the absence of
high obstacles nearer than 10 times the height of
the obstacle have been evaluated when the
measurement station is selected. In the
determination of the equipment to be used in the
measurement of the sun / wind, the "Communiqué
Related to Wind and Solar Measurements", which
was published by the Official Gazette dated
11/10/2002 and numbered 24903, was taken into
consideration. The positioning of sun/wind
measurement stations and wind turbines is crucial
for obtaining accurate measurements and for
efficient energy production. The project planning
and economics of the sun/wind power plant
depends mainly on the amount of energy that can
be generated from the selected plant site. For this
reason, the appropriate spot sun/wind observation
station should be established considering the
tomographic structure of the land. The area where
the station will be installed should be selected in
areas where there is no obstacle to influence the
dominant wind direction.Otherwise, the wind
speed may be too far away from the true value due
to turbulences. Measurements such as wind speed
and wind direction made in accordance with the
standards with measuring instruments placed on
the station measurement pole will be used to
evaluate the data that are later stages of the
sun/wind power plant project, to determine the
amount of energy production and to select the
wind turbine. In particular, sensitivity to wind
speed and direction for energy purposes is required
to be high. The sun/wind energy potential of a
zone. The wind speed is proportional to the
cuboid. The measurement error, which can be
made in wind speed measurements, is very
influential on the accuracy of determining the wind
energy potential. The sun/wind measurement data
should be continuous, intermittent and incomplete
as much as possible. The missing data in the
measurement series can be up to 10% of the total
data. The losses above this ratio do not allow a
sensitive evaluation. So, the measurement values
obtained should be canceled. Since station
measurement
equipment
operates
under
completely natural atmospheric conditions have a
shorter economic life than other equipment
operating in closed areas. Due to factors such as
rusting, corrosion, corrosion, abrasion and icing,
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wind measurement values of wind equipments are
normally removed rapidly. Because of this, wind
measurement equipment and recording systems
and electrical circuits must be frequently checked,
maintained and calibrated, absolutely in
accordance with the standards and in the technical
manuals of the instruments.

measurements were made at wind speeds of 5, 10
and 15 meters. With these measurements, firstly
the potential determination work has been done. It
is reached that it is a suitable zone for producing
wind/solar hybrid energy.
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ABSTRACT
Renewable energy systems have a great future in electrical power production because of sustainable resources
like wave. Study on wave energy converters (WEC) experimentally bring some difficulties especially in
offshore. Numerical studies require less material sources and manpower than experimental studies. Also
numerical study can provide preliminary knowledge. Commercial WEC are designed to generate electrical
power at wave characteristic which are average of the year. However, wave characteristics can vary even during
in one day. There is no chance to utilize from wave energy potential under predicted wave height. Wave energy
harvester piezo-electric patches mounted on can generate electrical power even at lowest wave heights. Piezoelectric materials can convert mechanical energy to electrical energy by using pressure chances caused from
wave motion. In this study, modeling and investigation of wave energy harvester piezo-electric patches mounted
on is made numerically. Computational Fluid Dynamics (CFD) software module Fluent is used for Transient
analysis to receive variable pressure values acting on the system for one period time of wave. The harvester is
placed as near as free water surface in simulation. Structural module is used to find transient buckling values of
harvester plate. The generated electrical power is calculated from the Root Mean Square (RMS) equation by
using buckling values. The smallest RMS value is more than 0.33W at 1m wave height, 16m water depth and
water period of 6s. Increasing in water depth means very little increase in output power. As a future work,
experimental studies can be made with planned geometrical structure of wave energy harvester.
Keywords: Wave Energy Harvester, Computational Fluid Dynamics, Fluent
* Halil İbrahim Yamaç.
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ABSTRACT
Nowadays, knee joint prostheses are widely used in surgical operations due to traffic accidents and sports
injuries, especially cartilage structures that arise in the knee joints of the persons. However, the lifetime of the
knee prosthesis used is unknown. For this reason knee simulators are required. In this study, a knee simulator
simulating knee movements was designed and manufactured to observe faulty conditions in the UHMWPE
(ultra high molecular weight polyethylene) component, one of the prosthetic components that make up the knee
joint. The design was implemented in the CAD environment to implement the motion variations specified in
the ISO 14243 standard. Afterwards, machining of the parts which were created with CAD models was carried
out. As a result of the study, a device was developed that can apply 4 different pairs of opposing movements
of the knee joint.
Keywords: Knee, Knee prosthesis, Knee simulator
* Corresponding author: Ender Emir

1. INTRODUCTION
The knee joint is the largest joint in the human
body in terms of its anatomical structure (Dieter,
2013). A large part of the body weight carries this
joint (Dieter, 2013). During daily movements,
dynamic forces are under the influence of different
directions (Gilbert et al, 2014). After a certain
period of time, however, problems begin in the knee
joint. The most important of these problems is the
erosion of the cartilage tissue, which is part of the
knee joint. As a result of wear, the knee joint causes
damage to the joint surfaces, which prevents the
person from performing daily activities. These
injuries, knee joint prostheses made of metal and
polyethylene material which can simulate joint
movements by surgical intervention are attached to
the person. However, the knee joint prostheses used
are subject to wear due to repeated loads after a
period of time. For this reason, it is important to
know in advance the conditions of wear that can
occur in the prosthesis before surgical interventions.
In order to make this prediction, knee prosthesis
wear test simulators are needed which can simulate
knee joint movements in an individual way. The
primary utilized resource for wear test simulators is
the ISO 14243 standard. In this standard, there is
force and displacement values that take place during
a step in the knee joint.
Various studies have been done in the literature
in order to observe wear conditions of knee joint
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prostheses. In these studies, designs were made in
accordance with the motion profiles in ISO 14243
standard and systems designed to apply different
motion variations apart from the standard. Walker
et al. (2008) applied the shear force, torque
combinations and axial load values in the system
they designed at a bending angle of 0-120°,
representing a range of functional functions.
Computer controlled pneumatic actuators have
applied 1,000 N axial force, 200 N tibial torque and
5 Nm tibial torque. In addition, in order to exhibit
soft tissue behavior in the work they do, they move
using springs in a fixed system with plates on both
sides. In this regard, the femur has both a limiting
role during anterior/posterior movements and aims
to exhibit soft tissue behavior. Schwenke et al.
(2009) have designed a knee joint simulator to meet
ISO 14243 standards. They have designed the
device to work in both load and displacement mode.
Simulator movements are provided by hydraulic
closed loop control. In this study, they used springs
in tibial rotation to accurately reflect the soft tissue
reality. They used horizontal actuators to study
against arcs. AMTI Knee Wear Test Simulator is
designed to meet special requirements of
biomechanical application and wear test or to
evaluate knee prosthesis materials. It is capable of
multiplying movements related to daily life
activities such as running, bending and even playing
golf (Romeo, 2015). The Instron Biolups knee
simulator is designed to provide forces and
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movements in accordance with ISO 14243
standards. They used a bumper system made from
springs to mimic both anterior/posterior movement
of the knee joint and soft tissue constraint on the
tibial rotation (Campbell, 2008).
In some of the studies on knee simulators, tests
are carried out using the body fluid or in the
environment where fluids emulate body fluid. The
test environment created with liquids mimicking
body fluid is called in vitro, and the work done in
body fluid is called in vivo test environment. When
the literature is examined, it is seen that studies are
performed in an in vitro test environment.
Calliess et al. (2014) developed a device for
examining the force changes in the 4-headed muscle
(quadriceps tendon) while performing the index
flexion movement in the study they performed.
Unlike other studies in terms of the mode of
delivery of the movement systems, they gave the
index flexion movement from the tibial bone. Wang
et al. (1999) designed a knee simulator with a dual
axis contact line. The simulator they designed can
provide the application of index flexion, axial force
and tibial rotation.
In some of the studies it has been done to meet
the standard values of ISO 14243 and it has been
seen that it is designed and manufactured in
accordance with the test in vitro.
Abdel-Jaber et al. (2015) designed and
manufactured the knee wear simulator they
designed to implement motion variations according
to ISO 14243 standards. They simulated the stair
climbing movement to observe the erosion of the
prosthetic components in the system they created.
Liu et al. (2015) have created a system that can
apply axial force, bending, tibial rotation, forward
and backward movement, right and left movement
and inward-outward movement to the knee joint.
However, the values of motion limit values are
outside the ISO 14243 standard. They used sliding
load cells and springs to control the loads and
displacements they apply. The EndoLab GmbH
Knee Simulator is based on four independent servo
hydraulic controllers to ensure precise and
repeatable test conditions during the test. The
device is designed to simulate the daily movements
of the knee joint or to make different motion
variations (Romeo, 2015). The system also allows
testing in vitro. The Instron - stanmore simulator is
a four - station knee simulator with six degrees of
freedom. It is specially designed for the
development of ISO-14243 standards (ISO-14243,
2009, ISO-14243, 2014). Tampons are used to
simulate passive soft tissue restriction. They also
used a pumping system that continuously supplies
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fluid to allow the test medium to take place in the
body fluid (Campbell, 2008). The Kansas Knee
Simulator, designed at Kansas University
Mechanical Engineering, is a servo-hydraulic
dynamic tester that can apply string loads. The
simulator has 5 axis controls, including the
hydraulic drive system, which performs the
function of the quadriceps muscle, called the 4headed muscle. In the designed system, a vertical
load is applied to the hip bone to simulate the body
weight of the person. On the tibia base, they created
a system that allows the flexion and rotation of the
ankle (Romeo, 2015).
In this study, it is aimed that the design and
manufacture of the knee prosthesis wear simulator
according to the test conditions stated in ISO 14243
standards, the design and manufacture of the system
which can determine the life span of the prosthesis
after the production and the error mechanisms can
be found out.
2. MATERIAL AND METHOD
2.1. Material
In this study, sheet metal and profile iron were
used in the main frame parts of the device. Except
for the main structure of the system, in general, it is
preferred to use a deep material with high
dimensional stability, high elasticity and superior
strength, both of which are used extensively in
medical applications. One of the motion variations
in the ISO 14243 standard, the compression spring
was used because it had the energy storage feature
by compression in the application of axial force.
When examined in studies performed, it was
reported that springs were used because they
exhibited similar behavior with soft tissue behavior
(Schwenke et al., 2009; Campbell, 2008; Lui et al.,
2015).
Other materials, electronic components and
motors used for the manufacture of the knee joint
simulator are as given in Table 1.
Table 1. Used materials
Material Type
Consumption Material

Electronic Tool
Motor and Actuator

Name
Profil Iron
Polythene
Steel
PLC
Limith Switch
SMPS (Power source)
AC Servo Motor
Linear Actuator
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Fig.3 the design image for each of the two
separate motion pairs is given in the CAD
environment.

2.2. Method
2.2.1. Knee Joint Simulator Design
In this section, the system designed for the
application of 4 motion pairs given in ISO 14243
standard has been presented in separate parts in
CAD environment. Fig. 1 shows the system
designed to simulate the flexion and
anterior/posterior motion of the knee joint. In this
system, the bending motion is provided by a servo
motor and the forward and backward motion is
provided by a linear actuator.
Servo motor

Linear actuator

Fig. 3. General assembly view

2.2.2. Knee Joint Simulator Manufacture
During the design phase, he then realized the
production of the parts designed on the sawed
production machines. As a result of assembling
parts which are manufactured and ready for
ordering from the outside, The knee joint wear test
simulator shown in Fig. 4.

Fig. 1. Assembly image in CAD environment of the
system designed for bending and anterior/posterior
motion

In Fig. 2, the general view of the system
designed to simulate axial force and tibial rotation
movements in the knee joint is given. In this design,
the axial force is provided by linear actuator and the
tibial rotation motion by servo motor.

Spring
Servo motor
Linear actuator
Fig. 1. Knee Joint Wear Test Simulator

2.2.2. Motor Control
Both servo motors were controlled by PLC. With
the WinProladder PLC programming software
supplied from the company that carried out the PLC
sales, the servo motors were operated according to
their standard values. Status page where standard
values for servo motors are given Fig. 5.

Fig. 2. Assembly image in CAD environment of system
designed for axial force and tibial rotation motion
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Fig. 2. PLC Status Page
Fig. 3. Tibial rotation motion profile

Control of the other actuators, linear motors,
which were used, was carried out based on constant
movement between the two specified distances.
Limith switches were used to achieve this
movement, as shown in Fig. 6.

Fig. 8. Flexion motion profile

Since the linear actuators used for axial force
and anterior/posterior motion are not able to take a
correct return from the force and position
information under control, the movements at stroke
distances specified in ISO 14243 standard have
been realized.

Fig. 6. Limith Switch

3. RESULT AND DISCUSSION
3.1. Testing of Experimental Parameters

5. CONCLUSION
After the design and manufacturing phases, it
was tested whether the selected servo motors
provided the displacement values given in the ISO
14243 standard. Thanks to this preliminary test, it
has been observed how much deviation from the
standard values by allowing each motor to be
controlled separately. Fig. 7 shows the difference
between the motion profile of the servomotor
performing the tibial rotation motion during the test
and the motion profile of the standard. It has been
observed that a maximum of 1% deviation from the
standard values of the test values is obtained in the
obtained results.
The graph showing the difference between the
standard values and the test values in the flexion
motion, which is another motion profile, is as
shown in Fig. 8. This movement profile also
showed a maximum deviation of 1% between the
standard and test values.

In this study, the knee simulator was designed
and manufactured in order to determine the failure
mechanisms of the biocompatible materials used in
the knee prostheses in the repeated cyclic result with
specific force and displacement values.
Studies on knee simulators are generally
proceeding in order to apply more challenging
movements, other than daily movements. This
tester also has the ability to rotate with the necessary
adjustments to perform movements in different
daily activities.
Due to limited financial support, the precision
motors required for all motion variations have not
been used. Therefore, the standard values are not
exactly provided. However, this study will be a
reference to future knee simulator studies.
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ABSTRACT
Knee joint prosthesis components used as a result of damage to the knee joint have high hardness values. As a
result of the high hardness value, loads of different sizes are formed in the knee joint, resulting in different
magnitudes of stresses. Stretching of different sizes coming from the square is an important influence which
causes the called aseptic loosing. In this study, two different tibia components made from CoCrMo and
Ti6Al4V materials were coated with finishing elements using hydroxyapatite (HAP) materials. The stress
distributions resulting from the tests were examined. As a result of the analyzes made, tensile distributions
were seen in both the tibia component and the tibial bone to be seen as appropriate.
Keywords: Tibial component, Coating, Stress, FEM
* Corresponding author: Serdar Koluaçık

1. INTRODUCTION
Knee joint prostheses are widely used nowadays.
However, in addition to this increase, some
problems also arise. One of these problems is that
aseptic loosening occurs in the tibia component,
which is one of the knee add prosthetic components,
as a result of the formation of different pressure
values under load. This aseptic loosening, the knee
joint loosens from where the prosthesis is attached
and a second surgical operation is required. As a
result, it is aimed to reduce the pressure
distributions coming to the square. Studies in the
literature are proceeding in this direction. When the
studies are examined, coatings made on the knee
joint prosthetic components produced from
CoCrMo material are remarkable (Totea et al.,
2015).

significantly reduces the formation of scratches on
the surface. Ntsoane et al. (2016) HAP coating on
Ti6Al4V alloy. As a result of the study, it was stated
that the HAP coated specimens were more
uniformly distributed under load. Asri et al. (2016)
performed HAP coating on 316L stainless steel with
600 °C air sintering and 800°C vacuum. As a result
of the study, they reported that the uniformly
distributed HAP coating was well bonded to the
surface (Ayu et al., 2017; Harun et al., 2018;
Ntsoane et al., 2016; Asri et al., 2016).
In this study, pressure distributions between the
tibia component and the tibia bone were layered
using the finite element method with different
properties. The changes in pressure distributions
and contact pressure occurring under load in the
result of the layering process are investigated.
2. MATERIAL AND METHOD

It is observed that the HAP coating is made
especially for the enhancement of the
biocompatibility and the performance of the
prosthesis (Ayu et al., 2017). It is also known that
HAP material reduces the release of harmful metal
ions and is resistant to corrosion (Ayu et al., 2017).
Harun et al. (2018) said that the HAP material is an
idiomatic material because of its similarity to the
chemical composition and conformity with bone
texture. Ayu et al. they have studied the surface
properties of CoCrMo alloy coated with HAP. As a
result of the study, HAP said that the coating
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Computed tomography (CT) images taken from
the patient during the study were processed in the
MIMICS program (Fig.1). In the next step, the tibial
bone CAD model given in Fig.2a and the CAD
model of the tibia component given in Fig.2b.
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Table. 1 Properties of materials in the analysis [6]
Modulus of
elasticity (MPa)

Poisson’s
ratio

a) Ti6Al4V

113800

0.342

b) CoCrMo

208000

0.3

Cement

2150

0.46

Hidroxyapatite
(HAP)

40000

0.3

Material
Tibial
Component

Fig. 1 Bone image processing

3. RESULT AND DISCUSSION
(a)

(b)

3.1. Investigation of Von-Mises Stress
Distributions

Fig. 2 a) Tibia Bone CAD Model
b) Tibia Component CAD Model

The assembly to be performed for analysis is as
given in Fig.3. Cement material was used between
the tibia component and the tibia component. The
surface between the cement and the tibia component
is the material to be coated. The mechanical
properties of the materials used in the analysis are
as shown in Table 1.

As a result of the obtained Von-Misses tensile
values, a maximum of 7,0348 MPa was obtained
when using tibia component material CoCrMo alloy
and HAP material as coating material (Fig.4).
Another result is; the tibia component material
Ti6Al4V and the coating material when HAP was
used, a pressure value of 7,1305 MPa was obtained
(Fig.5). Uncoated tibial component analysis results
as shown in Fig. 6.
The pressure distributions along the y-axis in the
tibia bone and tibia components as a result of the
analyzes made using coating materials mentioned
above are given in Fig.7 and Fig.8.

Fig. 3 Shematic wiev of analysis

Fig. 4 CoCrMo alloy HAP coating FEM image
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Fig. 9 Uncoated tibia component stress

Fig. 5 Ti6Al4V HAP coating FEM image

3.2. Investigation
Distributions

of

Contact

Pressure

As a result of the obtained contact force values,
a maximum of 4,2016 MPa was obtained when
using tibia component material CoCrMo alloy and
HAP material as coating material. Another result is;
when HAP was used, the tibia component material
Ti6Al4V and the coating material obtained a
pressure value of 4,6368 MPa.
4. CONCLUSION
As a result of the analysis, it was seen that the
tibia component with HAP coating absorbed the
stresses well under load. This feature has been
shown to reduce the rate of aseptic loosening. It is
thought that the lifespan of the prosthesis will be
increased.

Fig. 6 Uncoated tibial component FEM image

On the other hand, examining the distributions
in contact pressure values, similar results were
obtained with Von-Mises stress distribution. In the
obtained data, results in increasing prosthesis
lifespan.
Fig. 7 CoCrMo alloy tibia component

Movement of this work done by the finite
element method will be useful to know the
correctness of the results to be obtained. Therefore,
a real model of the work done is required. Tests can
be performed on the knee simulators of the coated
tibia component to compare the results.

Fig. 8 Ti6Al4V alloy tibia component

The tension that the uncoated tibia component
causes in the tibial bone is as shown in Fig.9.
According to the obtained results, it is seen that
tensile values in the tibia component without
coating are higher than those in the coated
components.
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ABSTRACT
In this study, product development study was performed on clutch disc torque characteristic in order to solve the noise
problem in idle speed of light commercial vehicles.
As a result of the torque tests of the problem product, it has been determined that the torque characteristic of the pre damper
spring group has a hard characteristic with respect to the incoming motor torque. A new spring design has been studied in
order to reduce the rigidity of the pre damper mechanism. New design springs are specially manufactured and a new pre
damper mechanism is created. As a result of the torque tests for the new designed disc, it is seen that the rigidity of the pre
damper mechanism has been reduced.
After the torque tests, the vehicle tests were performed. According to feedback from the vehicle tests, it was concluded that
the noise problem in idle speed was prevented.
Keywords: Clutch System, Clutch Disc, Damper Mechanism, Torque Characteristic.
* Corresponding author
1. INTRODUCTION

1.2.3 Clutch Releaser

In this study, the noise problem in the idle speed of light
commercial vehicles was investigated and studied on
solution methods.

The clutch release bearing assembly is a part of the clutch,
which actuates by pushing or pulling the diaphragm spring
in the clutch cover assembly that provides disengagement.

1.1 Clutch Systems
The clutch is a sub-system that provides the transmission
and cutting of the drive torque to the gearbox [1].
It consist of three main components. These are clutch
pressure plate, clutch disc and clutch releaser.

It is foreseen that the noise problem in the idle speed of
the light commercial vehicles is due to the fact that the
fluctuations in the torque characteristic of the motor which
are not sufficiently absorbed in the pre damper
mechanism. The studies that performed according to this
idea were explained in following sections in detail.

1.1.1 Clutch Pressure Plate

2. METHOD AND DESIGN

Clutch pressure plate is a mechanism that fix the disc part
to the flywheel surface and disengage when necessary. It
includes main parts like clutch cover, diaphragm spring
and pressure plate as V.B. Bhandari (2008) mentioned [3].

In this study, the force calculation of the springs used in
the pre-damper mechanism of the clutch disc was made
using theoretical methods. The torque capacity calculation
was tried to be verified by torque tests. ± 10% tolerance
limits were accepted between the theoretical calculation
and the test result. After the verification, the new design
disc was sent to the vehicle test.
The theoretical approach, test studies and vehicle tests
were investigated to determine whether the results were
appropriate in each other.
2.1 Spring Design
The torque capacity of the pre damper mechanism in
clutch discs is determined by the characteristic of the
springs in the pre damper mechanism. In this direction, the
most important parameters are the force and the stiffness
of the springs.

Figure 1. Clutch System [2]
1.1.2 Clutch Disc

The force value is calculated by the following formulation.

[4]

Clutch disc is a component that transmits and blocks
torque from the motor by friction. Thus, it makes possible
to gear shifting.

4

3

F=[(L0- Ln).(G .d ) / (8.Dm .IF )]+4
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F= Spring force (N)
L0= Length of unloaded spring (mm)
Ln= Working length of spring (mm)
G= Shear modulus (N/mm2)
d= Wire diameter (mm)
Dm= Mean diameter (mm)
IF= Number of active coil

2.4 Vehicle Tests
Field performance of the new design products is controlled
by vehicle tests. In this way, the correlation between the
theoretical calculations, test performance results and
vehicle tests are determined.
3. RESULTS AND DISCUSSION

The rigidity value is calculated by the following
formulation.

In this section, the differences between existing design and
new design are examined by theoretical calculations and
test performances.

C=(F-Fo)/(Lo-Ln)
F0= Pre load (N) (Assumed to be zero).

3.1 Theoretical approaches results
2.2 Torque Calculation
In this section, the differences between existing design and
new design are examined by theoretically.

The torque value is calculated by the following
formulation.

T=F.r.N

3.1.1 Effect of spring design on torque characteristic

F= Spring force (N)
r= Radius of pre damper mechanism (mm)
N= Number of spring

In clutch discs, the characteristics, which are shown in
Figure 4, of the springs are the main factor to determine
the torque capacity of the disc damper mechanism. Since
the springs used in the current damper mechanism show a
stiff characteristic, the force and stiffness reduction studies
were made in the spring design.

2.3 Torque Test

The effect of the change in the force and stiffness values
of the springs on the torque capacity is theoretically
examined.

Figure 2. Torque Test Machine
This test machine as shown in Figure 2 measures the
performance characteristics of the damper mechanism of
the clutch disc as shown in the Figure 3. According to the
maximum and minimum limit values of these performance
characteristics, the product is divided as acceptance or
rejection.

Figure 4. Symbolization of the spring

Figure 5. Properties of the existing spring
According to Figure 5, the spring force, rigidity and the
disc torque value are calculated by the following formulas.
4

3

F=[(L0-Ln).(G.d ) / (8.Dm .IF )]+4
4

3

F=[(31,5-25,5).(78500.1,7 ) / (8.8,2 .8,8 )]+4
Figure 3. Torque Test Result

F=105 N

With these tests, the new design products can be verified
and the mass production products can be controlled.

C=(F-Fo)/(Lo-Ln)
C=(105-0)/(31,5-25,5)
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C=17,5 N/mm

3.2 Comparison of the torque test results
In this section the torque performance tests of the existing
product and the new design prototype product were made.
With the data obtained, it is aimed to verify the theoretical
studies and compare the torque characteristics of the
products. Data obtatained from test machine can be seen in
Figure 8.

T=F.r.N
T=(105).(49).(3)
T=15,4 Nm
Based on these data, a new spring design has been studied
to reduce the torque value of the pre-damper mechanism
of the disc.

Figure 6. Properties of the new design spring
According to Figure 6, the spring force, rigidity and the
disc torque value are calculated by the following formulas.
4

Figure 8. Torque test result of the existing clutch disc

3

F=[(L0-Ln).(G.d ) / (8.Dm .IF )]+4
4

3

F=[(31,5-25,5).(78500.1,4 ) / (8.8,5 .10 )]+4
F=41 N
C=(F-Fo)/(Lo-Ln)
C=(41-0)/(31,5-25,5)
C=6,8 N/mm
T=F.r.N
T=(41).(49).(3)
T=6 Nm
Figure 9. Torque test result of the new clutch disc

As seen in the calculations, the torque values of the pre
damper mechanism that created with the new design
springs have been greatly reduced.

As can be seen from Figure 9, the rigidity of the predamper mechanism of the existing disc has been reduced
by change in the spring design.

After the theoretical studies, a prototype product was
created to verify these studies. It can be seen in Figure 7.

When the torque values obtained from the theoretical tests
and performance tests are compared, the results are
observed to be consistent. After verification of the
theoretical studies by performance tests, vehicle
performance tests of the new design product were
performed.
3.3 Vehicle Test
In this section, it has been investigated whether the noise
problem in the idle speed has been prevented by
performing vehicle tests of the prototype product. In this
respect, prototype products were subjected to field
performance tests at specified kilometer values.
The feedback from the vehicle tests revealed that the noise
problem in the idle speed was prevented.

Figure 7. Prototype disc with the new damper mechanism
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4. CONCLUSION
In this study, the noise problem in the idle speed of the
clutch discs is eliminated by changing the torque
characteristic of the disc pre damper mechanism. The
theoretical approaches were verified by torque tests and
vehicle tests.
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ABSTRACT
In iron and steel industry, the crude steel products, such as billets, slabs, blooms and ingots, are the semifinished products which are the basis of manufacturing in shipbuilding, automobiles, construction, machinery,
tools, and other industrial and domestic equipment. These products are obtained from continuous molten
liquid metal by using a continuous-casting machine. One of the significant role of the machine is to produce
these products in the desired sizes. Due to the extremely high temperature of molten liquid metal and being
massive structures, it is difficult to obtain accurate measurements. In the current technology, there have been
no appropriate sensors working under such level of temperature. In the present study, a new method is
proposed for the continuous-casting machine to obtain more correct sizes of the products. The method is
based on the speed of molten liquid metal. The cutting process with the defined size is provided by a
sensorless application of PLC which is the main advantage of the proposed method. The proposed method is
applied in a continuous-casting machine in a crude steel production line in a real plant. The measurements
showed that the accuracy of crude steel sizes are acceptable as compared to the desired values. The increase
in the accuracy of the product size has also reduced the amount of energy consumed for the reprocessing of
faulty products.
Keywords: Continuous Casting Machine, Billet Cutting Machine, PLC, Sensorless Cutting.
* Corresponding author
1. INTRODUCTION
The iron and steel industry (ISI) has been
growing exponentially every year since its semifinished and final products are the bases of other
industries where ships, automobiles, constructions,
machines, tools and other domestic tools are
manufactured (Tang et. al., 2014). For example,
37.5-million-ton steel was produced in 2017 in
Turkey (Technical Report, 2018). In the same year,
the steel production of the ISI in the world
increased by 5.3% to 1.69-billion-tons (Technical
Report, 2017). Since such amount of steel is used
for manufacturing other industrial equipment, the
quality of the products of ISI is highly important.
The final products of ISI are massive products
in the form of block or rounded shapes and their
manufacturing operation includes a sequence of
processes which are grouped as follows:
 Casting processes,
 Joining and assembly processes,
 Deformation processes,
 Material removing processes,
 Heat treating processes,
 Finishing processes.
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Billets, slabs, blooms and ingots are the semifinished products which are separated from each
other according to their shapes. Since they are
suitable for secondary processes for other
industrial products, the dimensions and shapes of
them should be matched with the desired values.
Modern iron products manufacturing processes
starts with melting iron ore and scrap into liquid
form. Melting process is generally carried out by
means of an electric arc furnace or an induction
furnace. Then, the molten metal is taken into
casting process in which it is poured into
continuous-casting machines (CCM) to form
billets, slabs, blooms and ingots usually based on
the desired size and shape. Ignoring some chemical
operations, after this step of casting process, the
semi-finished products are obtained.
Since, the semi-finished products are used for
other
industries,
matching
the
desired
qualifications with the products is the one of the
important requirements. This paper is mainly
focused on the accuracy of the sizing of such crude
steel and reduction of faults. Because of the
extremely high temperature of the metal at the
output of the CCM, cutting of the metal in desired
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values is difficult. If the sizes of final shape of the
crude steel are out of the tolerable limits, then the
product is sent to melt again resulting large
amount of energy consumption unnecessarily.
Because of this reason, a new method is improved.
Without using any sensor, the size of the crude
steel at the output of the CCM can be obtained
with nearly zero-error.
The organization of the paper is as follows.
Operation principle of the CCM is explained in
section 2. Then, the problem statement and current
solutions are given in section 3. In section 4,
proposed method is given and finally results are
concluded in the last section.

discharged from tundish into mould cooled with
water continually. The flow rate of the molten
metal is controlled with a stopper rod located at the
bottom of the tundish (Liu et al, 2014).
The tundish is able to remove inclusions during
the process of casting. The output dimensions of
the mould varies according to the desired values of
the product. This part of the process is illustrated
in Fig. 2.

2. OPERATION PRINCIPLE OF CCM
A continuous-casting machine is used to
produce semi-finished metal having different
shapes such as billet, bloom, slab and ingot
(Bertelli et. al., 2015). Since the production
process is continuously performed, it is named as
continuous-casting. A typical view of the CCM is
illustrated in Fig. 1.

Fig. 2. Moulds of a CCM
The outer surface of the moulds are cooled
with water to solidify the liquid metal. An
oscillation system is also adopted to the CCM in
order to prevent sticking of the solidified metal the
mould. The transition from liquid state to solid
state results that the volume of the metal decreases.
The solidified metal strip is continuously driven to
withdrawal & straightener unit in order to flatten in
desired dimensions. A real view of the unit is
shown in Fig. 3.

Fig. 1. An illustrated view of a CCM
There are four main lines of the CCM as
follows:
• Casting Moulds and Oscillation System,
• Withdrawal & Straightener System,
• Billet Cutting Machine,
• Rolls and Billet Roller Table.
An important characteristic of the CCM is that
the molten metal is continuously processed. The
recycled steel or metal material is melted by means
of electric arc furnace or induction furnace at
certain temperature of 15900-16000C (Hussain et.
al, 2014). After some chemical and filtering
processes, the molten metal is put into ladle to
ensure its chemical compositions as desired
degrees. Then, the molten liquid metal is poured
into tundish mechanism upto ¾ of the tundish.
Meanwhile, the molten metal in the tundish is
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Fig. 3. A view of withdrawal & straightener unit of
CCM
The straightening process of the solidified
metal is performed by applying pressure in the
range from 30 bars to 50 bars. After this step of the
process, depending of the different cross sections
of the metal strip, slabs, blooms or billets are
formed.
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In the present study, a new method for billet
cutting without using any sensor is proposed. A
billet cutting machine (BCM), in Fig. 4, is used to
cut metal strip at the desired lengths, such as 3m,
6m or 12m.

The final product is pushed to remove from
BCM by means of the rolls to a billet roller table
as shown in Fig. 5.

Fig. 4. Billet cutting machine

Fig. 5. Rolls and billet roller table
3. PROBLEM STATEMENT
Although the products of ISI are highly
massive and they require large amount of energy
while producing, the size of the products is
critically important for post-processing by other
industries. Hence, this step determines one of the
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important specification of the product. The semifinished products are cut in the pieces in desired
lengths such as 3m, 6m or 12m for billets and then
they left to be cool. Since the product on the roller
table is still too hot, the cutting process in desired
lengths is difficult. Different methods are used to
perform cutting operation explained as follows.
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3.1. Counter Method
This method is implemented with a counter
module added to the PLC and a sensor placed on
the gear unit or relay in the withdrawalstraightener unit.
The sensor continuously sends data of the
detected metal to the counter module. The module
counts and waits for the operator to enter the
length of the system, and commands the PLC to
cut product when it reaches the desired length.
There are a few critical issues when
implementing the counter method as:
• The failure of the sensor in the area may
cause cutting at wrong length of the billet.
Since the CCM environment is very hot,
there is a high probability of fault with the
sensor.
• If the gear or rheometer to which the sensor
has detected has jammed or a gap has been
created, the excess or missing run will cause
the billet to be cut incorrectly.
• Malfunction of the counter module in the
PLC results cutting process incorrectly.
• The material cost used in the field and the
module cost used in the PLC are
disadvantages of the counter method.
3.2. Contact Plate Method
This method is applied by mounting a limit
switch in front of the BCM in such a way that the
length of the billet is set in front of the BCM and
cutting command is given when the billet hits the
switch.
Contact plate method is rarely preferred in
CCM. Because, the switch mounted in front of the
BCM causes breakdowns frequently because of the
high billet temperature. For example, deformation
of the operating head of the limit switch is highly
possible which causes the billet passing without
cutting.
4. CASTING SPEED METHOD
The casting speed varies according to the mold
dimensions and the oscillation frequency used in
CCM. Casting speeds of the billet are in the range
of 2.8–3.5m/min for 100mm width and 0.9–1.1
m/min for 200mm width. The level of the moulded
liquid is set by the steel level casting operators or
by the automatic level system. In both cases, when
the liquid steel level is increased, the casting speed
is increased, and when the liquid steel level is
decreased, the casting speed is decreased. The
operator adjusts the level of the liquid steel by

208

using a potentiometer mounted on the casting level
panel. The casting speed changed by the
potentiometer actually changes the frequency of
the oscillation motor drive. In fact, the casting
speed is directly proportional to the frequency of
the oscillation motor drive. The proposed method
is based on the relation between the casting speed
and the frequency of the oscillation motor drive.
Let us define frequency of the motor drive as
f m and the corresponding measured casting speed
as Vr .

Since

these

two

parameters

are

proportional, the ratio between them is constant as:

 100 

fm

(1)

Vr ,100

where Vr ,100 is the casting speed of the billet
having 100mm width in m/min and f m is in Hz.
For

example,

fm  50Hz

if

and

the

corresponding measured casting speed of the billet
having 100mm width at that frequency is

Vr ,100  3.12m / min , then
 100 

50 s

1
1

 16 s min/ m  962m

1

(2)

3.12m / min

Using Eqs. (1) and (2), one can found casting
speed at 50Hz as:

Vr ,50 Hz 

fm

 100



50 s 1
962m 1

 0.052ms 1

(3)

The result in Eq. (3) shows the casting speed of
the billet in 1s when the oscillation frequency is
selected as 50Hz. Furthermore, the speed of the
1

billet in ms provides more accurate cutting
when using PLC without any additional
equipment. If the desired length of the billet is 3m,
then the operator can know the necessary time to
cut the billet at that speed. The time, T3m ,50 Hz can
be found easily by using Eq. 4:

T3 m ,50 Hz  3m / Vr ,50 Hz  58s

(4)

In order to implement the proposed method
with PLC, one can follow the block diagram as
shown in Fig. 6. Corresponding PLC ladder
diagrams are given in Figs. 7-9.
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Fig. 6. Block diagram of the proposed method for PLC implementation

Fig. 7. Corresponding segment in PLC ladder diagram for the proposed method
In Fig. 7, OSI_SET is the current oscillation
frequency input adjusted by the operator. MD204
output of the division block gives the velocity of
the billet in m/min with respect to OSI_SET. Then,
it is divided by 60 with second division block to
obtain the velocity in m/s.
In Fig. 8, MD200 is the memory variable which
stores velocities of the billet at each second. The
value stored in MD200 represents the current
length of the billet. The M216.1 allows MD200
value to be reset when BCM is activated.

MD200 is compared with desired length in
MD212 by CMP block in Fig. 9 at each second.
Whenever the condition MD 200  MD 212 is
satisfied then the BCM is activated by using output
of the MOVE block named M216.2. MD216.2 is a
bit-type variable that is used to send cut command
to BCM. Meanwhile, zero value is assigned to
MD200 to start measurement of new billet. This
procedure repeats every second by the PLC.

Fig. 8. Additional PLC ladder diagram
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Fig. 9. Comparison in PLC Ladder Diagram
The advantages of this method can be
summarized as follows:
 Since there is no equipment in the field, the
fault caused by the field has been reduced.
 Since the entire system is managed by PLC
only, there will be no additional module cost.
 Since the PLC does not need modules such as
counter modules, there will be no
communication problems between them.
 Since there is no equipment connected to
BCM such as gearbox, relay, wrong cutting
caused by these has been prevented.
5. RESULTS AND CONCLUSION
In the present study, a new method for PLC
based cutting operations of billet more accurately
without using any sensor or any additional PLC
modules. Since the cutting operation is performed
under high level of temperature and the high level
of wrong cutting cost, it is very important to
operate BCM correctly. When using proposed
method in real applications at CCM in the ISI, the
accuracy of the cutting is highly increased such as
the error between desired length and the product
length is decreased to ±1cm for 3.15m billet which
is very acceptable. In addition, the proposed
method decreases the interruptions of production
line since no additional equipment such as sensors,
limit switches or PLC modules is used.
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ABSTRACT
Hexagonal boron nitride (h-BN) has a layered structure just like the graphite and some properties of h-BN are
similar to the properties of the graphite. In h-BN, the boron and nitrogen atoms are arranged like a honeycomb
and form a two-dimensional layer by means of being bonded with sp2 bond. Boron nitride nanosheets (BNNS)
are believed to have potential to ﬁnd applications in optoelectronic devices and heat-releasing composite
materials, since they are electrically insulating, besides being as thermally conductive and mechanically
robust as graphene [1]. Recently, the two-dimensional structure of boron nitride sheets and suspended
membranes via a micromechanical cleavage technique [2] and via a chemical solution-derived method starting
from single-crystalline hexagonal boron nitride have been reported [3]. Liquid-Phase Exfoliation method is
inexpensive and easy a method. In this study, BNNSs were synthesized via Liquid-Phase Exfoliation method.
Hexagonal boron nitride powders (h-BN)(Merck, 99.5%) were used as the starting material. The powders were
mixed by using a magnetic stirrer in the saturated acid mixture composed of H 2SO4 and HNO3 for 12 hours in
order to obtain a homogenous mixture. The powder mixture filtered from acid mixture was washed with distilled
water until pH was neutralized. The powder obtained from the acid process was heated at 950 oC. The powders,
which were exposed to thermal process in order to obtain BNNs layers, were mixed by using an ultrasonic
homogenizer in the N-Methyl-2-Pyrrolidone (NMP). High-resolution transmission electron microscope
(HRTEM) was used to investigate the microstructure of BNNS samples. BNNSs were successfully synthesized.
In figure 1, TEM image of synthesized BNNSs was given.
Keywords: Boron nitride nanosheet, Liquid-Phase Exfoliation
* Corresponding Author.

Figure 1. TEM image of synthesized BNNSs
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THE PRODUCTION OF GRAPHENE BY USING SODIUM DODECYL SULFATE
SURFACTANT IN SOLVENT EXFOLIATION
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Graphene, discovered by Geim and Novoselov [1-2] in 2004 for the first time, is a single-layer (with a
thickness about 0.34 nm) of sp2 hybridized carbon atoms (covalently bonded to three other atoms) arranged in a
honeycomb lattice with a unique series of structural, mechanical, and electrical properties [2–4]. From the
technological viewpoint, what makes graphene so attractive is that it has a great potential not only to replace the
existing electronic industry materials, but also to serve as an innovative platform for future nanoelectronics [5–7].
In order to utilize graphene for device applications, it is necessary to develop methods to produce whole wafers of
low-defect graphene. Until now, graphene preparation has been achieved by three principal methods, exfoliation
[1,3], chemical vapor deposition (CVD) [2], and thermal decomposition of silicon carbide (SiC) [11]. But, most
of the methods are either expensive or difficult for graphene production.
We think that the most method for large scale graphene production is to peel off from graphite. For such
a production, solvent exfoliation methods are very suitable. So, in this study, Hexagonal graphite is used as a
starting material whose bonding forces hold the parallel graphene-sheets by weak van der Waals forces. Graphite
powders are dispersed in a surfactant by ultrasonication to obtain graphene. In contradistinction to literature, in
this study, sodium dodecyl sulfate surfactant was used instead of classical solvents. Graphenes were successfully
synthesized. In figure 1, graphene dispersions in ethanol were given. The samples were stable even after 90 days.
Keyword: Graphene, nanosheet, exfoliation, surfactant,
* Corresponding Author.

After 1 day

After 60 days

Figure 1. The change with time of graphene dispersions in ethanol
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INVESTIGATION OF TOPOGRAPHICAL FACTOR IN IRRIGATION PROJECTS
BY USING GEOGRAPHICAL INFORMATION SYSTEM
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ABSTRACT
The topography factor, which is among land classification criteria in the activities carried out in planning stage
of irrigation projects, is important in terms of classification and evaluation of agricultural areas according to
slope. The topographic status of land is to be considered in the investigation of slope characteristics of land in
the project area in terms of determination of irrigable areas, downstream conditions of the facilities, irrigation
methods, basin condition and drainage activities. In addition to investigating distribution of slope grades, erosion
effected areas can be examined by investigating the change in topography. In this study, the use of digital
elevation models obtained by digitization of contour curves of 1/5000 scaled maps of the service area of
irrigation projects by using Geographic Information Systems (GIS) technique as a basis for GIS supported
irrigation management system is being investigated by an application. In this study, it is aimed to examine the
contribution of GIS in monitoring and evaluation activities in irrigation systems with an example.
Keywords: Irrigation Management, Water Resources Management, Geographical Information System
* Corresponding Author.
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ABSTRACT
This study was carried out monthly in 5 stations selected to represent the lake in January and December
2015. Physico-chemical water quality analyzes were carried out in order to determine water quality parameters
of Karkamış Dam Lake. Water temperature, dissolved oxygen, dissolved oxygen saturation, pH, electrical
conductivity parameters were measured in situ. The total turbidity, chemical oxygen demand (COI), sulfate
(SO4-2), florür (F) and bromüre (Br2), calcium (Ca+2), magnesium (Mg+2), total hardness, (TS), potassium (K+
1), sodium (Na+ 1), silicon (Si+ 1), nitrite (NO2-1), nitrate (NO3-1) and orthophosphate (O-PO4) were analyzed
by titrimetric and spectrophotometric methods in the laboratory. On the average of the measured parameters in
the obtained findings; water temperature, 14.3 °C.; dissolved oxygen, 10.05 mg/L; pH, 7.95; electrical
conductivity was determined as 332 μS / cm. On average, the turbidity level of the lake water was 5.9 m;
chemical oxygen demand (COD), 4.0 mg/L; sulfate concentration 34.7 mg /L; ortho-phosphate concentration
0.034 mg / L; ammonium (NH4 + 1) concentration 0.009 mg/L; total nitrogen (TN) concentration 1,154 mg /L;
nitrite (NO2-1) concentration of 0.002 mg/L; nitrate (NO3-1) concentration of 2.29 mg / L; total phosphorus
0.009 mg / L; flüoride 0.14 mg/L; calcium (Ca + 2) 43.1 mg / L; magnesium (Mg + 2) 14.5 mg/L; potassium (K
+ 1) 2.82 mg / L; 9.57 mg / L of sodium (Na + 1) and 0.022 mg/ L of bromide (Br). As a result of the study, it
was determined that Karkamış Dam Lake surface water and water column between 0-8 depth water quality
management class I grade is in high quality water class according to quality criteria according to classes in terms
of general chemical and physico-chemical parameters of continental surface water resources. The spatial and
temporal variation of the parameters monitored in the stations where the monitoring was carried out did not show
statistically significant difference, indicating that this is a spatial homogeneity in the dam reservoir. According to
the Regulation on Management of Surface Water Quality, the Karkamış Dam Lake exhibits mesotrophic
character. It was also determined that phosphorus was the limiting nutrient in the Karkamış Dam Lake with the
data obtained from 0-8 m water column.
Keywords: Karkamış Dam Lake, ammonium, monthly change, physico-chemical parameter
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ABSTRACT
In this study, a total of 94 fish, including 51 Acanthobrama marmid, 17 Chondrostoma regium, 13
Luciobarbus mystaceus, 9 Oncorhynchus mykiss, 2 Capoeta capoeta umbla and 2 Aspius vorax, were captured in
the Karakaya Dam Lake Battalgazi and Arguvan region. It was observed that 76 of the examined fish were
infested with Diplostomum sp. There were 1969 parasites from infestant A. marmid and the prevalence was
0.98; 302 parasites in C. regium, prevalence 0.65; Eight of the L. mystaceus were infested with Diplostomum sp.
and the number of parasites was 99 and the prevalence was calculated as 0.61. Only one fish parasite was found
in the trout and the prevalence was 0.11, while 54 parasites were detected in C. c. umbla and the prevalence was
recorded as 1.0.
Keywords: Karakaya Dam Lake, diplostomum sp. parasite spread
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ABSTRACT
This study was carried out to reveal the physicochemical properties of Ozluce Dam Lake located in the
borders of Elazığ and Bingöl provinces. Work at the dam lake was planned between January-December 2015,
but due to security reasons it could be done between January-June 2015. Among these dates, water samples were
collected from Ozluce Dam Lake at 5 different stations on a monthly basis. Measurements were made from the
surface of all stations and also from various depths of the 4th station in stu. Dissolved oxygen and secchi discs
were measured in the field for 6 months. Chlorophyll a, maximum chlorophyll a, total nitrogen and total
phosphorus analyzes were carried out in our institutes. As a result of the study, Ozluce Dam Lake surface water
and 4th station water column were evaluated as mesotrophic in surface water and 4th station water column
according to three different trophic state indexes (Carlson, OECD, Surface Water Quality Regulation). The
research is important because it is the first study conducted at Ozluce Dam Lake.
Keywords: Chlorophyll a, Ozluce Dam Lake, Secchi diski, Trophic level
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ABSTRACT
By the end of the 1960s, with the lean production techniques, the basic features expected from the equipment used in the
automotive industry started to change. Cutting tools, dies etc. used during production equipment must have good
toughness values as well as good fatigue life and abrasion resistance.
Dies used in production in the automotive sector are generally made of steel. When choosing steel, parameters such as
production figures, workpiece, processing speed, wear behavior should be considered. Because dies material directly
produced part shape, part surface quality, production losses affect. For this reason, one of the measures taken is to coat
the die surfaces and to improve the die properties.
In the present study, PVD (Physical Vapor Deposition) method was investigated from the coatings made to improve the
tribological properties of the die surface. Thanks to this method, the surface hardness is very high and the properties
expected from the dies are obtained by obtaining the thick materials. TiC, TiN, TiCN, TiAlN, TiZrN and TiAlVN are
used as coating material.
In the scope of the proposed study, CrN, TiN and TiAlN surface coatings were applied on ISO 2379 steels in order to
investigate the effect of coating materials on wear behaviors of flanging dies used in Toyotetsu Automotive. The samples
were tested in Salt Spray Test, the hardness measurements were made with Vickers Hardness Measurement and the
coating adhesion of the samples were measured with VDI 3198 standard and the test results were interpreted.

Keywords: industrial wear, surface coating, PVD coating, dies, automotive.
* Ebru Barut

1. INTRODUCTION
Automotive industry; is a dynamic sector that is
constantly developing in the direction of increasing
demands in our country and in the world. Through
the transition from 'Labor Intensive Production'
technologies to 'Serial Production' and 'Lean
Production' technologies, production capacities are
increasing and lower costs are being created.
Thanks to the added value it creates, the
automotive sector gives the opportunity to
revitalize other sectors that make a great
contribution to the country's economy and is the
driving force of the industry [1], [3].
Considering the production intensity in the
automotive sector, molds, equipment, etc. used
during production are expected to be suitable for
series production and to absorb certain strength
values. Wear of machine elements or equipment
used intensively in mass production is an
inevitable result, so in addition to the toughness
values of molds, which are usually produced from
steel materials used during production, wear
behaviors at high temperatures are expected to be
good [1], [2], [5]. For steels with excellent
toughness values at high temperatures, which find
wide application in the manufacturing industry,
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surface coatings have been developed that can
withstand both wear and hardness values expected
from the surface [5], [6].
Surface coatings are surface treatments in
which the surface structure can be altered to
provide properties such as high hardness, thermal
stability, chemical inertness and good corrosion
resistance [7]. Steel mold surfaces with good
toughness values are generally hard ceramic coated
with hardness. The most preferred coatings in
surface coatings are PVD coatings. PVD coating
method; evaporation of materials under vacuum or
splitting of atoms from the surface by sputtering
and deposition on the surface of the desired surface
by atomic or helium deposition [4].
Hard material coatings such as nitride coatings
by PVD method can generally be made with
materials such as Ti, Cr and Al to improve
corrosion and wear behavior [7]. In particular,
ceramic coatings such as CrN and TiN have a low
coefficient of friction as well as high hardness and
abrasion resistance to the cutting tools [8]. Coating
conditions are also important to obtain maximum
yield from these coatings which have a positive
effect on corrosion and wear behavior. The surface
roughness must be low and the surface must be
clean for good adhesion and homogeneous
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deposition of the coating. Figure 1 shows some
products made of PVD coating. As a result, the
substrate and coating material to be coated is also
an important parameter affecting the coating
properties [9].

3. RESULTS AND DISCUSSIONS
For samples with PVD coating on the surface,
coating thickness measurements and adhesion
measurements were made by Ionbond, Salt Spray
Test by Tübitak and microhardness measurements
by Toyotetsu. Figure 2 shows the samples coated
with the PVD surface.

Figure 1: Samples of covered with PVD coating
[10]
This scope of work; the effect of different PVD
coatings on the die surfaces and the performance
on wear behaviors were examined and the results
were tested and compared.

3.1. Coating Thickness Measurements
Coating thicknesses of the samples measured
using the 19 ball diameter and 100 m/s Abrasion
Rate and the results are given in Table 2:

2. MATERIAL AND METHOD
In the present work, the steel material used as a
base to which PVD coatings are applied is
obtained from Uddeholm. The chemical
composition of this steel with AISI D2 standard is
1.55% C, 0.3% Si, 0.4% Mn, 11.3% Cr, 0.8% Mo,
0.8% V and Fe. Steel with a hardness of 62 HRC is
known as the commercial name Sverker 21.
Before the coating, the samples were cut into a
circular shape with a diameter of 68mm, and the
surface was polished to be smoothed by
grinding.
The specimens specified in Table 1
have been prepared by Ionbond to make CrN, TiN
and TiAlN coatings.
Table 1: Test Specimens
1
2
3
4

Figure 2: Samples Coated with PVD Surface

Uncoated Sample
Sample Coated with TiN
Sample Coated with TiAlN
Sample Coated with CrN

Coating thicknesses of the coatings formed on
the surface of the Sverker 21 steel were measured
and HF adhesion measurements were made by
applying 150 kg test load in accordance with VDI
3198 standard using Rockwel C. Microhardness
measurements were made using the Mitutoyo HV
100 brand device and Vickers hardness tester. The
corrosion and abrasion tests of the samples were
carried out for 6 hours according to ASTM B11716 standard.
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Table 2: Coating Thickness Results
Sample
(2) TiN
(3) TiAlN
(4) CrN

Coating Thickness (µm)
3,4
3,2
3,6

As it is seen in the table 2; Sample 4 have
maximum coating thickness among others.
3.2. Coating Adhesion Tests
Adhesion measurement tests of samples were
made according to Daimler Benz Adhesion Test
Standards. This test determines the adhesion
strength of the coating to the base material in
comparison with the standard patterns shown in
Figure 3 for coating flaws and coating spoolings
around the HRC traces formed on the surface.
While the HF1, HF2, HF3 and HF4 patterns shown
in Figure 3 are accepted, the HF5 and HF6 images
are not accepted as positive test results.
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3.3. Vickers Hardness Measurements
The samples to be hardened by Vickers
Hardness Measurement Method with EN ISO
6507-1:1997 Standard were kept under specific
load for 15 seconds under Mitutoyo HV 100 brand
device and the hardness values of the samples were
read out from the device by measuring the
permission to remove the pyramidal tip and
applying the load. The experimental hardness
values of the device shown in Figure 7 are given in
Table 3 in comparison.

Figure 3: Daimler Benz Test Standards [11]
In the direction of Figure 3, the test result
image of sample 2 is given below Figure 4:

Figure 4: Sample 2 Adhesion Test Result
Looking at the test result image in Figure 4, it
is seen that the result is like HF1. According to the
test standard HF1 is accepted for adhesion.
At the same way, Figure 5 shows the test result
image of sample 3 and Figure 6 shows the test
result image of sample 4.

Figure 7: Vickers Hardness Test Device
Table 3: Vickers Hardness Measurements
Results
Sample
Vickers Hardness (HV)
(average)
(2) TiN
732.55
(3) TiAlN
684.17
(4) CrN
756.95
It is known that Vickers hardness value 740
HV for sample 1, which is uncoated sample, can
be said to affect the hardness values of the coating
processes applied to the samples. The coating with
the most positive effect on the hardness values is
CrN coated sample 4 as shown in Table 3.

Figure 5: Sample 3 Adhesion Test Result

3.4. Salt Spray Test

Figure 6: Sample 4 Adhesion Test Result
Looking at the test result image in Figure 5 and
Figure 6, they are seen that the results are like
HF1. According to the test standard HF1 is
accepted for adhesion test. All samples are
accepted for adhesion test with Daimler Benz
Adhesion Test Standards.
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The most important test to determine the
abrasion behavior of the samples is the salt spray
test. This test was carried out according to ASTM
B117-16 test standards, with the samples kept in
salt bath for 6 hours. The test results and the posttest conditions of the samples are shown in the
following figures.
Figure 8 shows that the uncoated sample 1.
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Figure 11: Sample 4 with coated CrN

Figure 8: Uncoated Sample 1
On the uncoated sample 1 surface, very dense
red rust formation was observed in the form of
flows covering the entire surface from top to
bottom. Figure 9 shows that the TiN coated sample
2.

More dense rust formation was observed at
the upper part of the specimen, and less frequent
rusting occurred at the lower part. There was
mainly red rust formation at spot form.
When looking at the whole of the samples,
rust formation is most prominent on the uncoated
sample surface. The formation of rust is observed
intensely in specimens 2 and 3, whereas minimum
rust formation is observed for specimen 4. In
addition, while all the surface of the sample is full
of rust formation, sample 4 surface has small size
rust formation.
4. CONCLUSION

Figure 9: Sample 2 with coated TiN
On the whole surface of the sample, very
dense red rust formation was observed in short
streams. Figure 10 shows that the TiAlN coated
sample 3.

Figure 10: Sample 3 with coated TiAlN
On the whole surface of the sample, dense
short flows were formed and very dense red rust
formation was observed around the hole. And
finally Figure 11 shows that the CrN coated
sample 4.

221

In this study, the effect of different PVD
coatings (TiN, TiAlN and CrN) on the die surface
was examined and the performance on wear
behaviors of different coating materials and test
results were compared.
Firstly, if we look the samples’ coating
thickness when compared to the tests done; the
most thicker coating on the sample surface was
realized with CrN material. The coating adhesion
measurements of the samples were out of the
acceptable limits for all samples. When we look at
the applied Vickers Hardness Tests, the highest
hardness value is achieved with CrN coating. The
CrN coating is one of the test results that can result
in a harder surface than the uncoated sample
surface. In the final salt spray test, rust formation
was observed in both uncoated and coated
samples. However, rust formation in the CrNcoated sample was less frequent than in the other
samples and in small dimensions.
As a result of the tests and analyzes made, it
can be said that the CrN coating material has
higher abrasion resistance and higher hardness
values than the other materials tested in the study.
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ABSTRACT
Demand for carbon emissions reduction, less fuel consuming vehicles and 100% electricity vehicles in the
automotive sector has accelerated weight mitigation efforts in the automotive sector. In this context, the
automotive industry has begun to investigate and use materials that are lighter but at the same time pass the
required strength tests successfully. The results of this, aluminum is at the head of the most used materials in
automotive. Aluminum with a specific weight (Al: 2,73 g / cm³, Steel: 7,85 g / cm³) is approximately 1/3 of
the steel weight.
In this study, the joining techniques of aluminum materials and steel materials increasing in use in the
automotive sector have been examined. Literature review has been done on different joining technologies and
riveting and spot welding have been used for joining aluminum and steel materials. After different
combinations of samples from aluminum and steel materials with different strength values and different
alloying elements were combined with riveting and spot welding. The mechanical properties of samples were
determined by pull test and the microstructure properties were examined by cut check analysis to determine
optimum sample composition and joining technique.
Keywords: Joining technic, Riveting, Spot welding, Aluminium, Steel, Automotive.
* Ebru Barut.

1. INTRODUCTION
Emissions of vehicles with less fuel consumption
expectations have become more important in the
automotive sector, especially in terms of carbon
emissions reduction. At this point, the orientation
towards alternative materials has increased. The
use of alternative materials, which have a low
specific gravity and a light weight in the
automotive sector, have given rise to some
anticipation. In addition to being lightweight, the
materials used must also provide various strength
values. Taking all of these into consideration, the
use of aluminum materials and the use of different
materials have increased in recent years.
Aluminum materials with low specific gravity
values, especially with steel, and applications of
steel materials have been in the forefront and
innovative joining methods have become
inevitable [1].
In the near future it is important to develop multimaterial constructions and to use different
materials together so that the expected 30% weight
reduction from the automotive sector can be
achieved. Since the melting points of these
materials are very different from each other in the
case of using steel and aluminum materials
together, mechanical joining methods; it is more
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suitable than metallurgical joining methods such as
welding. For example, the riveting method may be
used as a suitable method for joining high strength
steel and aluminum sheets [1, 2].
The process of joining two or more layers with a
connecting element called a rivet is called riveting.
Although the riveting method, also known as Self
Piercing Riveting, was first used in the 1960s, it
has been used for the past 25 years, especially for
the automotive industry to combine lighter
aluminum structures. Geometric factors, material
factors and technological factors should be taken
into account for the positive result of the riveting
process. Compared with other joining methods, the
aluminum body structure combined with riveting
used in automotive has many different advantages.
Examples are advantages such as minimum edge
flange, minimum connection clearance, good
process speed and cost value. With riveting
technology, it is not possible to combine with other
joining techniques, and it is possible to combine
low-weldability, non-identical samples. Riveting;
fast and environmentally friendly technology.
Fume or heat does not occur during the process
and this technology with low emission rates is
more environmentally friendly [1], [3], [4].
The self-piercing riveting process can be described
by the following four steps:
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clamping (step I), the blank holder
presses the two sheets against the die, and
now the rivet is gradually pressed into
aluminum sheets
piercing (step II), the punch pushes the
rivet into the top plate,
flaring (step III), the material of the
lower sheet flows into the die and the
rivet shank begins to flare outward,
forming a mechanical interlock between
the upper and lower substrates,
release of the punch (IV step), finally,
once the punch is retracted, the finished
joint is achieved with the fastener
properly seated in the sheets
1 shows that Self Piercing Riveting process

Table 1: The Sample Combinations
SAMPLES
1a

2.0mm Aluminum 1050 + 1.4mm Steel 1180 FeC

1b

1.4mm Steel 1180 FeC + 2.0mm Aluminum 1050

2a

0.9mm Aluminum 5182 + 1.4mm Steel 980feC

2b

1.4mm Steel 980feC + 0.9mm Aluminum 5182

3a

0.9mm Aluminum 5182 + 1.4mm Steel 1180 FeC

3b

1.4mm Steel 1180 FeC + 0.9mm Aluminum 5182

4a

0.9mm Aluminum 5182 + 1.4mm Steel 590 FeC

4b

1.4mm Steel 590 FeC + 0.9mm Aluminum 5182

5a

1.0mm Aluminum 1050 + 2.0mm Aluminum 1050 +
1.4mm Steel 1180 FeC

5b

1.4mm Steel 1180 FeC + 2.0mm Aluminum 1050 +
1.0mm Aluminum 1050

Figure 1: Self Piercing Riveting Process [3].

6a

2.0mm Aluminum 1050 + 1.4mm Steel 590 FeC

Spot welding is an important welding process that
is frequently used in the automotive industry. Spot
welding technology that responds quickly to
component tolerance changes is economical and
robust. When steel sheet and aluminum alloy sheet
are combined with spot welding as two different
materials, a fragile structure is formed at the
interface during welding. This structure adversely
affects the strength values. For this reason, it is
more advantageous to use mechanical joining
techniques such as riveting instead of metallurgical
joining technique [2], [5], [6].

6b

1.4mm Steel 590 FeC + 2.0mm Aluminum 1050

7a

2.0mm Aluminum 1050 + 1.4mm Steel 590 FeC +
1.4mm Steel 980feC

7b

1.4mm Steel 980feC + 1.4mm Steel 590 FeC +
2.0mm Aluminum 1050

8a

0.9mm Aluminum 5182 + 1.0mm Aluminum 1050 +
1.4mm Steel 1180 FeC

8b

1.4mm Steel 1180 FeC + 1.0mm Aluminum 1050 +
0.9mm Aluminum 5182

2. MATERIAL AND METHOD

9a

1.0mm Aluminum 1050 + 1.4mm Steel 1180 FeC

In the present study, aluminum and steel materials
with different properties were combined by two
different methods, spot welding and riveting, and
the optimum sample combination was examined
by comparing the strength tests and the
microstructure analyzes.

9b

1.4mm Steel 1180 FeC + 1.0mm Aluminum 1050





Figure
steps:

During the sampling process; Aluminum (5182series), which is preferred in the automotive
industry, and 1050 series Aluminum, used for
industrial purposes, are supplied for the next
generation of high-strength steels (steels with 590
MPa, 980 MPa and 1180 MPa based steels) the
specified combinations of materials have been
created and Table 1 shows that sample
combinations.
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Samples for riveting were sent to Henrob -is a
pioneer and market leader in self-pierce riveting, a
mechanical fastening process suitable for joining
aluminium and also mixed materials that cannot be
reliably welded-. Since it is important that the
material is below or above the rivet direction in the
riveting method, 9 samples in Table 1 are replaced
as upper and lower, and riveting for 18 samples in
total is completed. Two specimens were prepared
from each sample, in which the locations of the
sheets were changed, a and b. As a result of the
experiments, the spot welding Toyotetsu has been
applied to the samples giving the most healthy
result. The testing process was completed in
Toyotetsu Turkey site.
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2.1 Samples Combined with Riveting Method
The images of the samples joined by the riveting
method and by the Henrob firm are given with the
following explanations:

9a.

9b.

9a. Not suitable, during the riveting cracks in the
underlying steel are formed.
9b. Not available, rivet collapsed.
2.2 Samples Combined with Spot Welding
Method
1.

2a.

2b.

Figure 2: 1. Sample1 is suitable for the method
2a. Sample 2a is not suitable, riveting in the
bottom sheet of steel. There was a crack during.
2b. Applied, but the thickness of the lower sheet is
reduced.

3b.

4b.

3b. Applied, but the thickness of the lower sheet is
reduced.
4b. Applied.

For the different sites of the 9 different samples
prepared, negative results were obtained for some
specimens after the riveting experiments were
done on the Henrob company and they were
separated. For this reason, the samples giving the
best results in the riveting experiments are
separated and only the samples are welded in order
to avoid the loss of efficiency in time and cost
when spot welding is done. For aluminum and
steel specimens welding operations were carried
out in accordance with the following parameters. It
is seen that the best result is obtained by giving
double current in the welding experiments made.
Table 2: Spot Welding Parameters
Force: 4200 N
Compression Stroke: 30
Cycle
Welding
Time-1:
8
Cycle
Welding Current-1: 8 kA

5a.
5b.
6a.
6b.
5a. Not suitable. The sheets did not join together.
5b. Not suitable. The sheets did not join together.
6a. Applied, but the joining is not enough.
6b. Applied.

Cooling Time: 2
Cycle
Welding Time-2: 15
Cycle
Welding Current -2:
12 kA

The drawings and images belonging to the samples
of the spot welding are seen in the following
figures 3 and figure 4.
120

40
120

Figure 3: Sample sizes made by spot welding
7a.
7b.
8a.
8b.
7a. Applied, but the joining is not enough.
7b. Applied, but the thickness of the lower sheet is
reduced.
8a. Not Applied.
8b. Not Applied.
Figure 4: Samples prepared by spot welding
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After riveting, the test results are found to be
suitable and the samples of spot welding are 7
pieces. Sample explanations are given in Table 3:
Table 3: Samples prepared by spot welding
Figure 7: Samples 2b and 4b

SAMPLES
1a

2.0mm Aluminum 1050 + 1.4mm Steel 1180feC

1b

2.0mm Aluminum 1050 + 1.4mm Steel 1180feC

2b

1.4mm Steel 980feC + 0.9mm Aluminum 5182

3b

1.4mm Steel 1180feC + 0.9mm Aluminum 5182

4b

1.4mm Steel 590feC + 0.9mm Aluminum 5182

6a

2.0mm Aluminum 1050 + 1.4mm Steel 590 feC

7b

1.4mm Steel 980feC + 1.4mm Steel 590 FeC +
2.0mm Aluminum 1050

The remaining 3b and 6a samples did not make cut
check analysis because they were separated during
the analysis after welding. The core diameter for
sample 2b was measured to be 4.59 mm and the
core diameter for sample 4b was measured to be
4.26 mm.
3.2. Tensile Test Analyses
When tensile tests are carried out, it is aimed to
make a reference by making a tensile test on 1050
Aluminum and 5182 Aluminum materials in
accordance with TS EN ISO 6892-1 standards.
Subsequently, specimens 1a, 1b, 2b, 3b, 4b, 6a and
7b, which were spot welded, were subjected to
tensile analysis.

3. RESULTS AND DISCUSSION
Cut-Check analyzes and Tensile-Failure tests were
applied to the samples 1a, 1b, 2b, 3b, 4b, 6a and 7b
prepared in the scope of the project and positive
results in riveting process in Toyotetsu.
3.1. Cut Check Analyses
The core images of the welded samples are
examined with the microstructure analyzer in our
company. Figure 5 shows the state of the samples
before the cut check analysis.

Figure 8: Tensile Test Machine

Figure 5: Samples Before Cut Check Analyses

Figure 6: Samples 1a and 1b
As it is seen in the figure, there is no core diameter
in sample number 1a. The core diameter from
sample number 1b is measured as 3.92 mm.
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Figure 9: Sheet1) Aluminum 1050 sample
Sheet2) Aluminum 5182 sample
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Figure 10: 1) Sample 1a, 2) Sample 1b, 3) Sample
2b, 4) Sample 3b, 5) Sample 4b, 6) Sample 6a

Figure 11: Tensile Test Result of Sample 7b
The sample 7b shown in Fig. 11 does not give
good results with the spot weld even though it
gives the best result when subjected to tensile test
with rivet. Since 3 different materials are used for
spot welding, it is considered that the test sample
is not homogeneous and this effect is effective.
The tensile test result graphs for some of the
specimens subjected to riveting operations in the
Henrob are as follows:

Figure 13: Based on the stress-strain graph of
sample number 2b, it was found that 16.4 j of
energy absorbed under a maximum load of 2.75
kN.

Figure 14: Based on the stress-strain graph of
sample number 3b, it was found that 32.0 j of
energy absorbed under a maximum load of 4.24
kN.

Figure 15: When the stress-strain graph of sample
number 4b is taken into consideration, it has been
found that 11.5 j of energy absorbed under a
maximum load of 3.52 kN.
Figure 12: Looking at the stress-strain graph of
sample number 1b, 23.1 j of energy absorbed
under maximum 4.65 kN load, that is, the
toughness value is reached.

227

Cilicia International Symposium on Engineering and Technology (CISET2018)
Mersin University Engineering Faculty, 26-27 October 2018, Mersin, TURKEY

Figure 16: Looking at the stress-strain graph of
sample number 6a, it was found that 6.4 j
absorptions under maximum 4.46 kN load were
absorbed.

Figure 19: When we look at the stress-strain graph
of sample number 7b, we have found that 61.3 j of
energy is absorbed under a maximum of 6.16 kN
load.
When all the results are examined, it is seen as
Sample 7b, which absorbs 61.3 joules of energy
and has the highest toughness value. However, this
sample is expected to give higher values because it
is composed of three different sheet metal
combinations. Besides, the strength values of the
samples combined with the spot weld are very low.
4. CONCLUSION

Figure 17: Given the stress-strain graph of sample
number 6b, it was found that 23.7 j of energy
absorbed under a maximum load of 4.93 kN.

In this study, the results obtained by combining
reaction of aluminum-steel hybrid materials with
riveting method and spot welding were compared.
The tensile tests were applied to the prepared
samples and the behaviors of the materials were
examined and the strength values and percentage
elongation amounts were determined.
Aluminum-Steel spot welding could not be done
with the existing methods, although the core
diameter was obtained after welding the
Aluminum-Steel specimens with the spot welds as
a result of the analyzes made, and the tensile test
results were too low. Experiments have shown that
riveting method is more reliable than spot welding
method.

Figure 18: Looking at the stress-strain graph of
sample no. 7a, it was found that 11.9 j of energy
absorbed under a maximum load of 7.70 kN.
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ABSTRACT
In this study, double and single-sided joints have been performed to glass fiber reinforced composite plates wıth
elliptical damaged and patches by using DP460 adhesive material. Under bending loads stress behaviors and
damage loads have been investigated experimentally and numerically. ANSYS 19.0 has been used for numerical
analysis in this study. Damage loads have been found for each specimen with different layer (2 Layer ,4 Layer ,6
Layer) and angle [(0-90), (0-0), (45-(-45)), (90-90)] and σx, σy, σz, σeqv, τxy, τxz stress distributions have been
investigated by defining the critical lines on glass fiber reinforced composite plates and DP460 adhesive material.
Numerical damage loads and experimental damage loads have been compared and %93 percent convergence
have been observed.
Keywords: Stress Distributions, Failure Loads, Composite Patch, Double-Sided Joints, Adhesives
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