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PREFACE
"Current Research in Engineering and Architectural Sciences" offers an
academic forum for academics and researchers working in these fields.
Engineering and architectural research is an interdisciplinary by nature
since it covers several areas. In this book, the academics working in
different fields share their results with the scientific community. The
selected articles have been reviewed and approved for publication by
referees. It is hoped that this book will be of interest to academics and
researchers.
We would like to take this opportunity to thank all authors for their
efforts.
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CHAPTER I
DISCUSSING AN ICONIC ‘MODERN’ MOSQUE IN TURKEY
WITH REFERENCE TO MODERNITY AND KANT’S IDEA OF
ENLIGHTENMENT: TURKISH GRAND NATIONAL ASSEMBLY
MOSQUE
Ceren Katipoğlu Özmen*1
Introduction
It is a difficult and challenging task to specify the starting point of
modernity in the historical time line. In his book, Hughes asserts that
between 1880 and 1930, the world went under one of the major cultural
experiments in its history with the emergence of modernity enacted in
Europe and America (Hughes, 1982: 9). Some critics argue that the project
of modernity went parallel with the rise of the bourgeoisie during the 19 th
century. With the idea of rationalism, positivism and also enlightenment,
modernity was accompanied by the belief in scientific discourse and
progress. In Turkey’s case, it is a much more complicated task to situate
modernity in historical and theoretical context. Form a general perspective,
it can be easily said that modernization project in Turkey was launched
during the early twentieth century, after the Independence War (19191923) and also coincided with the establishment of the ‘secular’ Turkish
Republic. In parallel with the newly established ‘modern’ Republic, the
changes in the society can also be discussed as one of the parts of this
modernization project. (Bozdoğan & Kasaba 1997, Tekeli 2001). The
arguments on Turkey’s modernity project basically focus on two
contradicting positions; modern versus traditional and secular versus
religious (Sargın, 2004: 659). The transformation process of the society or the reform programs- started with the abolishment of the Caliphate in
1924, after the proclamation of the Turkish Republic. Within this one
hundred year, from the establishment of the Turkish Republic to our day,
the contradicting position of the modern vs. the traditional and the secular
vs the religious has been continued in many aspects of social and political
life. Inevitably, the production of architecture is directly affected from this
dichotomic political set of the country. Specifically, this controversial
position has been discussed many times on the tectonics of mosque
architecture or with Heidegger’s definition the way in which it ‘gathers the
fourfold’ (Heidegger, 1971). The expected questions within this
contentious issue can be raised as the ‘autonomy’ of the architecture and/or
architects, the autonomy that is underlined by the definition of Kant’s
*1(Asst. Prof. Dr.); Çankaya University, Faculty of Architecture, Department of
Architecture, Ankara-TURKEY, e-mail: cerenk@cankaya.edu.tr
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‘enlightened man’. Considering the relationship with the ‘modernity
project’ and the idea of Kant’s ‘enlightenment’, this paper aims to discuss
Turkish Assembly Mosque, as one of the ‘iconic’ projects of Turkish
Modern Architecture regarding its representation and connotations.
I. Modernity and Kant’s Enlightenment
Kant’s text (originally published in 1784) is crucial regarding its
contribution to the advancement of modernity and modern man. In a very
basic level, Kant defines enlightenment as “man’s emergence from selfimposed immaturity”. (Kant, 1983) He argues that if a person wants to
enlighten himself, he should be the one who thinks autonomously, without
accepting a dictate of an external authority. His emphasis on the
individual’s lack of courage and determination to use his reason is taken as
the major reason why man is imprisoned into “self-imposed immaturity.”
It is easier “to be immature.” If this immaturity is naturalized, man is
shackled to a “permanent immaturity.” Kant makes it clear that the public
can only arrive at enlightenment and “reform a manner of thinking” at a
snail's pace even at the face of a forceful revolution. Therefore, he asserts
that what is really needed for enlightenment is freedom, “the freedom to
use reason publicly in all matters.” (Kant, 1983). In the context of the 19th
century politics within which Kant has written these words, the
interrelation of the individual with the state and the church, which happen
to be the two most prominent symbols of authority, becomes very
important. He believes that the paternalism of all churches and states
should be eradicated for the freedom of the one’s intellect.
Depending on and Kant’s argument on enlightenment, in his essay
‘What is Enlightenment?’ Foucault invites us to rethink on the limits of our
own historical reason (Foucault, 1991: 32-50). While Kant supports
individual reason, Foucault reminds us the inevitable relation between
reason and power. He sets out discussion that modernity should be taken
as an attitude, rather than a historical period. He states that “it would be
more useful to find out how this attitude of modernity, ever since its
formation, has found itself struggling with attitudes of countermodernity”.
(ibid) In Charles Baudelaire essay (originally published in 1863),
modernity is defined as “the transient, the fleeting, the contingent; it is one
half of art, the other being the—eternal and the immovable” (Baudelaire,
1972). By making a distinction between the flaneur and man of modernity,
Baudelaire wants to argue the formative and changeable nature of
modernity. Jürgen Habermas, on the other hand, considers modernity as
‘an unfinished project’ and he emphasizes that post modernity decisively
presents itself as a form of Anti-modernity (Habermas, 1987). For
Habermas, the nihilistic practices of post structuralism have started a
counter-enlightenment which goes together with enlightenment itself. He
discusses that constructivists try to bring their negative interpretations of
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Enlightenment while they do not have any coherent constructivist
proposal. He draws attention to three major impasses concerning the
position and future of modernity as a project. The first attempt is to “take
leave of modernity,” secondly to reject enlightenment legacy, and finally
to consider poststructuralists’ critique of modernity as they have truthfully
identified its deficiencies.
II. Modernity and Enlightenment in Turkey
During the same period, when Kant has been writing his essay “What
is Enlightenment?” in 1784, Ottoman Empire underwent a reform process
which will be continued in the ‘long 19th century2’. Ottomans realized the
need for an urgent change regarding specifically military area. In his
article, Ersan summarizes this situation as follows:
“In 1792, Sultan Selim III asked scholars for their advice on the
appropriate course of action to the end the decline of the Empire. Some
argued for a return to the pure, orthodox Islam, others suggested that the
Empire stop resisting change, and seek inspiration in the forward-looking
institution of the West. Consequently, the Ottomans implemented reforms
which included the abolishment of the Janissaries (1826). After that, the
Reform Edict of 1839 obliged the Sultan to relinquish some of his powers.
Finally, in 1876, a new constitution established a parliament which enabled
the representation of non-Muslim subjects—whom Sheriat law did not
recognize as equal. A reactionary Sultan Abdulhamid cancelled the
parliament in 1878, reestablishing the Empire as an Islamic theocracy for
the next thirty years. During Abdulhamid’s reign, conservative intellectuals
promoted a return to classical Islam as a way to save the Empire.” (Ersan,
2007: 67)

In an Islamic empire, this reform process echoed drastically in the
beginning of the 20th century. ‘Borrowing technology from the West, and
preserving the tradition of Islam’, a catchphrase coined by Niyazi Berkes
(Berkes 1964), has become the cultural doctrine of the Islamists worldwide
as their reaction to the challenge of European modernity in the 19th century
Ottoman world and also for today’s Turkey.
The reform process is continued with the newly established Turkish
Republic. The ideological backbone of the reform movements went hand
by hand with the idea of ‘being modern’ (Bozdoğan, 2011). Thus,
modernity in Turkey can be considered as an explicit and public project,
which was launched during the early twentieth century, and is still in
progress. Apparently, reform movements were a sharp turn from a
totalitarian and Islamic empire to an independent, secular republic.
Modernity, deeply affected the traditional habits and customs regarding the
change on every level of the society.
2 Here the term ‘long 19th century’ is used referring İlber Ortaylı’s book (Ortaylı, 2017)
in which he gives a clear scene for the radical changing course of the Ottoman Empire.
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While the ‘project of being modern’ has been continued by Turkish
Republic, the architecture of the mosques has begun to be a controversial
issue. The tension between the modern and the traditional and also secular
and religious have created a dilemma in mosque architecture of Turkey
starting from 1930’s and continue within different sounds. The curious
point in the debates of ‘modern mosque architecture’ is not limited with
the tension between twentieth century’s modern architectural type and
traditional form of the mosques. Inevitably the debate begins with the
question; what is the “tradition” for mosque architecture in Turkey? Since
in 1930’s, the ‘golden age’ of the Turkish art and architecture is defined as
Architect Sinan’s era by historians and art historians3, the answer is easily
given as Sinan’s mosques. 16th century’s architectural typology in Istanbul
are taken as the highest point of Ottoman mosque practice. On the other
hand, the 18th and 19th century examples are commonly discarded since
they are believed a represent to corruption parallel with the Westernization
movements.
During Early Republican Era, there wasn’t a major program for mosque
architecture in the country except a few proposals by Burhan Arif Ongun,
Seyfi Arkan and Sedad Hakkı Eldem in the beginning of the 1930’s
(Tanyeli, 2018: 60). However, in 1950’s, with the ascent of Democrat Party
and the migration from rural to urban areas, the demand for the
construction of the mosques increased, especially in the uncontrolled
‘gecekondu’ areas (Balamir, 1994: 9). With the increasing demand, the
dichotomy of tradition and modernity started to manifest itself within the
the architectural design and typology of mosques. Uğur Tanyeli states that
the poor conditions of mosque architecture have never been a problem of
morphology in Turkey during 1950’s. As he quotes from Şerif Mardin, it
was the result of a change in the mentality starting with the proclamation
of Tanzimat Edict in 1839. Together with the adoration of western
ideologies such as secularization, individualization, the sophisticated
culture of ‘palace-state-religious man interaction’ has been replaced by
“Qur’an-Course” centered-Islam rising from provinces. As the upper strata
began to isolate themselves from communal religious practice, and pay
attention to ‘the creator individual’, their demand for mosque designs has
decreased. Thus, without the intellectual background, the need to build a
mosque would be fed by the subconscious of rural masses (Tanyeli, 1984:
84-7).
From Tanyeli’s point of view, the issue of constructing a ‘modern
mosque’ can be considered as a matter for the ‘enlightened’ and ‘modern’
individual. Regarding Kant’s and Foucault’s definitions for enlightenment
3 In the Bozdoğan’s and Necipoğlu’s article, the argument on the historiographic
approaches during early republican era is discussed (Bozdoğan & Necipoğlu, 2007).

4

and modernity, the demand of the enlightened individual has to be the
driving force for the search of the modern typology for mosque
architecture. The next chapter will discuss one of the most significant
modern mosques in Turkey holding the position for the demand of Kant’s
and Foucault’s ‘enlightened’ individual.
III. The Mosque Complex of the Turkish Grand National
Assembly in Ankara
The mosque complex of Turkish Grand National Assembly (1989),
designed by Behruz and Can Çinici, is considered as one the significant
buildings of Turkish modernism. The project won Aga Kahn Award for
Architecture in 1995. The 6400 m2 complex, which has a prayer hall for
450 worshippers, an ablution space, an imam room and a small library,
consists of three parts as forecourt, prayer hall and a garden. As a part of
National Assembly Complex (1938-1961), the mosque was sited on a
sloping area on the south of the complex. Based on the technical review
written by Al-Asad in 1995, one of the challenges for the project was
connecting the qibla axis (southeast) with the axis of surrounding fabric
and the other structures of the complex that oriented along the North-South
axis Al-Asad, 1995). With the triangular plan of the forecourt which
pointed towards the South-North axis, the structure itself was oriented
along the layout of the Assembly Complex. (Figure 1) The triangular
courtyard was surrounded in its two sides with the porticos of the mosque
and library. The third side was defined with a pool and remaining part
merges with the pedestrian path. (Figure 2) In the corner of the two
porticos, a stair rises to upper platform where two balconies and a tree are
placed as a symbolic representation of the minaret. There is a two-level
prayer hall inside of the mosque. (Figure 3) While the upper level along
the northern side is designated for women, the lower, main prayer hall is
ended with a sunken cascading pool and a garden with a fountain in the
center. (Figure 4) The projecting large window in the mihrap wall allow
direct sunlight inside the hall. The mosque is covered with a pyramid-like
roof made of reinforced concrete where a dome usually placed. The
complex has a unique brutalist effect with its exposed concrete finishing
element.
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Figure 1. Site plan of the Grand National Assembly Mosque Complex.
(Source: Çinici, 1995a)

Figure 2. The forecourt with porticos on two sides and triangular pool
of the Grand National Assembly Mosque Complex. (Source: Çinici,
1995b, Photographs by Reha Günay, 15.04.1995)

Figure 3. The main prayer hall and the mihrap of the Grand National
Assembly Mosque Complex. (Photographs taken by the author,
14.11.2015)
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Figure 4. Sunken pool on the mihrap façade of the Grand National
Assembly Mosque Complex. (Photograph on the left taken by Reha
Günay, 15.04.1995, source: Çinici, 1995b; photograph on the right taken
by the author, 14.11.2015)
The unique and bold departure of the mosque from the constraints of
past prototypes for mosque architecture is clearly a new interpretation of
the ‘traditional elements’ seen in Ottoman architecture. As it was explained
in the report written by the architects for Aga Khan jury, the main layout
of the complex is formed with the reorganization of Şehzade Mosque
Complex in İstanbul which is the most iconic example of the plan typology
of Sinan. (Çinici, 1995b) (Figure 5) Furthermore, the historical
developments of well-established, symbolic elements of a mosque, such as
the place of the minaret, the layout of the open and semi-open courtyard,
the spatial arrangement of the main prayer hall were studied and reinterpreted. The absence of a traditional dome, minaret, solid qibla wall or
a rectangular symmetric courtyard are not considered as a deviation from
past prototypes or traditions, instead a serious analysis of the tradition
itself, in the way how a modernist architect needs to be done. With its
architectural language, the mosque proves that it is possible to design a
modern mosque without creating a conflict ground between
modern/secular and traditional/religious.

Figure 5. The sketch drawn by the architects to show the relation with the
layout of Şehzade Mosque and the Grand National Assembly Mosque
Complex. (Source: Çinici, 1995b)
Concluding Remarks
Even though the example of the mosque complex of the Turkish Grand
National Assembly is seen as a successful modernist mosque in terms of
achieving the goal of resolving the conflict between modern/secular and
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traditional/religious, the general objective and the client of the project
should be discussed. The mosque complex is not an official congregational
mosque, or required for the needs of a large believers in a public part of
the city, instead it is situated in a heavily guarded complex where its entry
is strictly controlled. The mosque is designated just for the parliament
members and the administrative staff. Within this point of view, the heavy
burden of the architects can be anticipated since they had to build ‘a
mosque’ in the most symbolic place of the secular Turkish Republic. If we
are turning back to Tanyeli’s point of view (Tanyeli, 1984: 84-7), as the
issue of constructing a ‘modern mosque’ has to be demanded by the
enlighten individual, and this demand has to be the driving force for the
search of the modern typology for mosque architecture; the dilemma in the
mosque complex of Turkish Grand National Assembly can be seen. The
‘driving force’ for the construction of this modern mosque, was not the
enlightened individual, but rather the continuing influence of the same
state-sanctioned ideology of the governing intelegencia who has started the
‘modernity project’ all those decades ago during the establishment of the
Turkish Republic.
References
AL-ASAD, Mohammad, (1995), “Mosque of the National Assembly”,
Grand National Assembly Mosque on-site Review Report, edited by
Aga
Khan
Award
for
Architecture,
retrieved
https://archnet.org/sites/781/publications/965, accessed 28 October
2018.
AL-ASAD, Mohammad, (1999), “The Mosque of the Turkish Grand
National Assembly in Ankara: Breaking with Tradition”, Muqarnas,
Vol. 16, pp. 155-168.
BALAMİR, Aydan, (1994), “Architecture and the Question of Identity:
Buildings for Dwelling and Prayer in (Post) Modern Turkey,” paper
presented at the conference Rethinking the Project of Modernity in
Turkey, March 10–13, 1994, MIT, Boston, Massachusetts.
BAUDELAIRE, Charles, (1972), Selected Writings on Art and Literature,
trans. by Charvet, P., E, Viking, New York.
BERKES, Niyazi, (1964), The Development of Secularism in Turkey,
Hurst&Company, London.
BOZDOĞAN, Sibel, (2001), Modernism and Nation Building: Turkish
Architectural Culture in the Early Republic, University of Washington
Press, Seattle.
BOZDOĞAN, Sibel and KASABA, Reşat, (1997), Rethinking Modernity
and National Identity in Turkey, University of Washington Press,
Seattle.

8

BOZDOĞAN, Sibel and NECİPOĞLU, Gülru, (2007), “Entangled
Discourses: Scrutinizing Orientalist and Nationalist Legacies in the
Architectural Historiography of the" Lands of Rum", Muqarnas, Vol:
24, pp. 1-6.
ÇİNİCİ, Behruz and ÇİNİCİ, Can, (1995a), “Mosque of the Grand
National Assembly, Ankara Turkey” in Architecture Beyond
Architecture, ed. by Davidson, C., and Serageldin, I., Academy
Editions, London.
ÇİNİCİ, Behruz and ÇİNİCİ, Can, (1995b), Mosque of National Assembly
– Ankara, Report submitted to the Aga Khan Award for Architecture by
the architects of the project as part of the nomination shortlist process
retrieved
from
http://archnet.org/system/publications/contents/8617/original/DTP101
116.pdf?1389264115 (2), accessed in 28 November 2016.
ERSAN, Gökhan, (2007), ‘Secularism, Islamism, Emblemata: The Visual
Discourse of progress in Turkey’, MIT Design Issues, Vol. 23, Issue 7,
Spring 2007, pp. 66-82.
ERZEN, Jale and BALAMİR, Aydan, (1996), ``Kocatepe Mosque,
Ankara'', in Architecture of the Contemporary Mosque, ed. by.
Serageldin, I. and Steele, J., Academy Editions, London, pp. 109-110.
FOUCAULT, Michel, (1991), The Foucault Reader, ed. by. Paul Rabinow,
Penguin Books, London.
HABERMAS, Jurgen, (1987) The Philosophical Discourse of Modernity,
Twelve Lectures, trans. By. Frederick Lawrence, Cambridge, Mass.:
MIT Press.
HEIDEGGER, Martin, (1971), “Building Dwelling Thinking” Poetry,
Language, Thought, translated by Albert Hofstadter, Harper Colophon
Books, New York.
HUGHES, Robert, (1982), The Shock of The New, New York, Alfred A.
Knopf.
KANT, Immanuel, (1983), Perpetual Peace, and Other Essays on Politics,
History, and Morals, translated, with introduction by Ted Humphrey,
Hackett Pub. Co., Indianapolis.
ORTAYLI, İlber, (2017), İmparatorluğun En Uzun Yüzyılı, Timaş Yay.,
İstanbul.
SARGIN, Güven Arif, (2004), ‘Displaced Memories, or the Architecture
of Forgetting and Remembrance’, Environment and Planning D:
Society and Space, vol: 22, pp: 659-680.

9

TANYELİ, Uğur, (2018), “Dosya: Cami ve Güncel Mimarlık: Bu Konuyu
Ne Kadar Tartışabiliyoruz?”, Arredamento Dekorasyon, 320, p. 60.
TANYELİ, Uğur, (1994), “Türkiye’de Çağdaş Cami Mimarisi: Bir
Olanıksızlığı Tartışmak”, Arredamento Dekorasyon, no: 64, pp. 84-87.
TEKELİ, İlhan, (2001), Modernite Aşılırken Kent Planlaması, İmge
Kitabevi, Ankara.

10

CHAPTER II
SOIL IMPROVEMENT BY USING
JET GROUT METHOD: A CASE STUDY
Fatih Yılmaz & Mustafa Ercan

Introduction
Soil improvement can be described as the treatment of properties of
soils for an intended engineering application using different biological,
chemical or physical methods. The purposes of soil improvement can be
listed as; increasing the bearing capacity of poor soils to the desired extent,
reducing the total settlement to the desired value, lowering the water
permeability, accelerating the consolidation, minimizing the risk of soil
liquefaction, providing additional strength to the retaining walls, and
increasing the stability of the slopes [1].
The jet grout method, one of the soil improvement methods, started to
be applied in Japan at the beginning of 1970's and usage of it became
widespread rapidly [2]. The fact that the panel jet-grouting system made
up to the beginning of the 1970s was not of sufficient thickness and that
the fracture strengths were very low, have resulted a rotary jet grout system
in Japan [3].
When applying the jet grouting method, the mechanical, chemical and
geological changes that may occur after the jet grout implementation
should be considered. The jet grouting method provides superiority over
other methods in that it causes minimal deformation, non-harmful
vibration, allows to perform in limited construction sites, and can heal up
to the desired depth [4]. In addition to these, it is an environmental friendly
method and can be applied to almost all types of soils. The volume
improved by the jet grout method also improves the properties of the
nearby sites of untreated soil. Thanks to this effect of the jet grouting
method, the SPT values of the unimproved soil rise by 20-25% compared
to the natural poor soil [5].
In order to increase the number of safety against the risk of liquefaction,
the jet grout columns carry a portion of shear stresses formed in the
foundation which provide limiting the displacements that may occur
around and under the structure during the earthquake [6].
The jet grout treatment can be performed using 3 different methods; Jet
1 (Single fluid system), Jet 2 (Double fluid system) and Jet 3 (Triple fluid
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systems), which are preferred according to soil and site conditions [7].
Previous studies have reported the significance of jet grout method in soil
stabilization [8-15]. Akan et. al. [16] investigated multiple regression
model for the prediction of unconfined compressive strength of jet grout
columns. Yuan et. al. [17] proposed a new horizontal jet grouting
equipment and in-situ quality of of this equipment was found to be good
according to the results of unconfined compressive strength and cone
penetration tests. Güllü [18] analysed rheological models for jet grout
cement mixtures with different stabilizers.
As Ni and Cheng [19] remind us, there are several case histories with
jet grout method. Olgun and Martin [20] evaluate the pre- and postconditions of the soil after Kocaeli earthquake on 17 August 1999. It was
observed that the foundation improved by to jet grouting provided effective
resistance to earthquake damage and migration.
The location of this study is Erzurum Metropolitan Municipality
Wastewater Treatment Plant. This case study seeks to examine the
changing of engineering properties of poor soil through jet grout method.
Materials and Method
Study area is a waste water treatment facility site and located within the
Aziziye district of the province of Erzurum. Topography of study area is
flat, therefore there is no slope stability problem. In study area upper
horizon of soil consists mixture of clay, sand and gravel. Under this
horizon, the soil consists of greyish blue inorganic clays and in some areas
black inorganic clays. The last horizon, which is under of these two
horizons consists greyish blue claystones that belongs to Gelinkaya
formation.
This study consists of two phases; in-situ tests and laboratory tests.
During the in-situ tests stage, standard penetration tests (SPT) have been
carried out in the boreholes at regular intervals and drilling logs were
obtained. Boring studies was done by Crealius XCH-90 type rotary system
boring machine mounted on a truck. Firstly, surface geology of the study
area was observed and 7 boreholes, totally 210 meters that each hole was
30 meters of depth was done for determining the underground features of
the field. Soil consistency and soil liquidity was determined by standard
penetration tests in each 1.5 meters of depth. Soil index was found and
disturbed samples was taken. After boring work, a PVC perforated pipe
was placed inside borehole to determine if there would be ground water.
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Table 1. Waste water treatment facility structures
No
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

Structure
Inlet pumping station and screen building
Coarse screen
Fine screen
Grit and grease removal tank
Blower for grit and grease removal
Primary sedimentation tank
Primary sludge pumping station
Intermediate pumping station
Distribution chamber for aeration tank
Aeration tank
Biological p-elimination (option)
Distribution chamber for secondary clarifier
Secondary clarifier
Floating sludge chamber
Effluent measurement
Return sludge pumping station
Excess sludge pumping
Primary sludge thickener
Storage tank for digested
Sludge thickening
Polymer station for sludge thickening
Sludge dewatering
Polymer station for sludge dewatering
Sludge liquor pumping station
Anaerobic sludge digester
Anaerobic tank (2. extension stage)
Gas holder
Gas flare
Biogas treatment
Service water station
Blower station / power supply building
Heating system
Digestion equipment building
Administration, workshop and garage building
Guard house
Bio filter inlet pumping station
Bio filter sludge treatment
Sludge cake storage
Combined heat power station
Emergency power supply

Structure load (kPa)
60
60
60
60
60
60
60
90
85
85
60
70
60
70
70
105
105
140
25
50
50
50
50
50
190
190
25
25
25
70
35
190
190
50
50
60
60
45
190
35

Seismic refraction and multichannel analysis of surface wave studies
was done in 4 seismic lines for determining layer thickness and dynamic
elastic parameters of soil of sewage treatment plant area. OYO McSEIS
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1125M model seismograph and RTC seismic recorder that has 4.5 Hz
geophones with 24 channel and a hammer for producing seismic waves as
source was used at the field. The standard penetration test is an in-situ test
in which a thick-walled sample tube is used, with an outside diameter of
50 mm and an inside diameter of 35 mm, and a length of around 650 mm.
This is driven into the soil at the bottom of a borehole by blows from a
slide hammer with a weight of 63.5 kg falling through a distance of 760
mm. The sample tube is driven 150 mm into the ground and then the
number of blows needed for the tube to penetrate each 150 mm up to a
depth of 450 mm is recorded. The sum of the number of blows required for
the second and third 150 mm. of penetration is termed the "standard
penetration resistance" or the "N-value". Laboratory tests consists of sieve
analyses, natural soil unit weigh, water content , direct shear and triaxial
test.There are 40 structures within the scope of wastewater treatment plant.
The structures of the wastewater treatment plant and the loads from the
construction are presented in Table 1.
Results and Discussion
The groundwater level of the investigation area is found in 0.5 m depth
and general soil freezing depth in the region is 1.2 m. There is no surface
water drainage system in study area. 7 boreholes -total of 210 m depth,
each hole was 30 m of depth- was drilled in the land area of Sewage
Treatment Plant in Erzurum province Aziziye district for determining soil
features by standard penetration tests in every 1,5 meters of depth. The SPT
and corrected SPT values obtained from 7 different As it can be seen from
relevant tables, according to the results of the standard penetration tests the
fine grain soil (MH-high plasticity silt) SPT N60 values range from 7 to
15.
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Table 2. SPT values of borehole 1- SK1

CN CE CB C R CS

No
SK-1

SPT/N
Number of
blows
correction
factors
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Table 3. SPT values of borehole 2- SK2

CN CE CB C R CS

No
SK-2
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Table 4. SPT values of borehole 3- SK3

CN CE CB C R CS

No
SK-3

SPT/N
Number of
blows
correction
factors
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Table 5. SPT values of borehole 4- SK4

CN CE CB C R CS

No
SK-4
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Table 6. SPT values of borehole 5- SK5
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Table 7. SPT values of borehole 6- SK6

CN CE CB C R CS

No
SK-6
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Table 8. SPT values of borehole 7- SK7

CN CE CB C R CS

No
SK-7

Based on this study, the P wave velocity data of the project site and the
dismantlement of soils and rocks are shown in Table 9. By the spreading
of S waves, deformations may occur in the rocks. The reason for this is that
the direction of the vibration of the particles is perpendicular to the
direction of wave propagation. Table 10 shows the S wave velocities
obtained for the 4 lines in the area and the classification of soils according
to these velocities. Strength of rocks based on elastic modulus and the
elasticity modulus results of the project site is given in Table 11. Table 12
presents the experimental data on shear modulus of investigation area.
Modulus of compressibility of 4 lines are set out in Table 13. Poisson ratio
value of the investigation area are summarized in Table 14.
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Table 9. P wave velocity results and dismantlement in study area
Line
Line-1
Line-2
Line-3
Line-4

Layers
1. Layer
2. Layer
1. Layer
2. Layer
1. Layer
2. Layer
1. Layer
2. Layer

P wave velocity (m/sn)
231
1122
250
1003
208
1061
217
998

Dismantlement
Very easy
Medium
Very easy
Medium
Very easy
Medium
Very easy
Medium

Table 10. S wave velocity results
Line
Line-1, 2, 3, 4

Layers
1. Layer
2. Layer

S wave velocity
63 m/s
292 m/s

Soil classification
D
C

Table 11. Classification of soil resistance of study area according to
the modulus of elasticity
Line

Layers

Line -1
Line -2
Line -3
Line -4

Resistance

1. Layer
2. Layer
1. Layer
2. Layer
1. Layer
2. Layer

Elastic modulus
(kN/m2)
13729
438455
14023
423451
13238
431002

1. Layer
2. Layer

13435
422764

very weak
weak
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very weak
weak
very weak
weak
very weak
weak

Table 12. Classification of soil resistance of study area according to
the shear modulus
Line
Line -1
Line -2
Line -3
Line -4

(kN/m2)

Layers
1. Layer

Shear modulus
4707

Resistance
very weak

2. Layer

149747

medium

1. Layer

4805

very weak

2. Layer

145628

weak

1. Layer

4609

very weak

2. Layer

147688

medium

1. Layer

4609

very weak

2. Layer

145432

weak

Table 13. Bulk modulus and compressibility of study area
Line
Line -1
Line -2
Line -3
Line -4

Layers
1. Layer

Bulk modulus( kN/m2)
56878

Compression
low

2. Layer

2011834

medium

1. Layer

69038

low

2. Layer

1524247

weak

1. Layer

43737

low

2. Layer

1753232

medium

1. Layer

48739

low

2. Layer

1505320

medium

Table 14. Poisson ratio of the soil in investigation area
Line
Line -1
Line -2
Line -3
Line -4

Layers
1. Layer

Poisson ratio
0.46

Stiffness
Very loose

2. Layer

0.46

Very loose

1. Layer

0.47

Very loose

2. Layer

0.45

Very loose

1. Layer

0.45

Very loose

2. Layer

0.46

Very loose

1. Layer

0.45

Very loose

2. Layer

0.45

Very loose

Table 15 presents the bearing capacity and settlement results obtained
from the in-situ test of investigation area. Following the obtainment of
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seismic data, laboratory experiments were undertaken. Natural unit volume
weight, water content, sieve analysis and consistency limit results are given
in Tables 16, 17, 18 and 19, respectively.
Table 15. Bearing capacity and settlement results of study area
Line

Layers

Line -1

1. Layer
2. Layer
1. Layer
2. Layer
1. Layer
2. Layer

Bearing
(kN/m2)
76
523
78
509
74
516

1. Layer
2. Layer

75
508

Line -2
Line -3
Line -4

capacity Settlement
(cm)
8.15
1.75
8.12
1.77
8.21
1.76
8.19
1.77

Table 16. Results of natural unit volume weight
Borehole

Depth ( m )

SK - 1
SK - 1
SK - 2
SK - 2
SK - 3
SK - 3
SK - 4
SK - 4
SK - 5
SK - 5
SK - 6
SK - 6
SK - 7
SK - 7

7.00- 7.50
25.00 – 27.00
7.50 – 8.00
27.00 – 28.00
4.50 – 5.00
28.00 – 29.50
6.00 – 6.50
28.50 – 30.00
6.00 – 6.50
25.50 – 27.00
7.00- 7.50
27.00 – 28.50
4.50 – 5.00
28.00 – 29.50

Natural unit volume weight (kN/m³
)
19.2
20.9
19
21.1
18.9
20.7
19.1
21.2
19
20.5
18.8
21.2
19.2
20.8
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Table 17. Results of natural water content
Borehole

Depth (m)

Natural water content (%)

SK – 1
SK – 1
SK – 1
SK – 1
SK – 1
SK – 1
SK – 1
SK – 2
SK – 2
SK – 2
SK – 2
SK – 2
SK – 2
SK – 2
SK – 3
SK – 3
SK – 3
SK – 3
SK – 3
SK – 3
SK – 3
SK – 4
SK – 4
SK – 4
SK – 5
SK – 5
SK – 5
SK – 6
SK – 6
SK – 6
SK – 6
SK – 6
SK – 7
SK – 7
SK – 7
SK – 7
SK – 7

3.00- 3.45
4.50- 4.95
6.00- 6.45
7.00- 7.50
9.00- 9.45
10.50- 10.95
12.00- 12.45
7.50- 8.00
13.50- 13.95
15.50- 15.95
16.50- 16.95
18.00- 18.45
19.50- 19.95
21.00- 21.45
4.50- 5.00
11.00- 11.45
12.50- 12.95
14.00- 14.45
15.50- 15.95
17.00- 17.45
18.00- 18.45
6.00- 6.50
12.50- 12.95
15.50- 15.95
6.00- 6.50
13.50- 13.95
15.50- 15.95
3.00- 3.45
6.00- 6.45
7.00- 7.50
9.00- 9.45
13.50- 13.95
4.50- 4.95
9.00- 9.45
14.00- 14.45
16.50- 16.95
19.50- 19.95

45,0
59,0
41,7
68,2
54,4
57,6
46,4
56,1
44,5
63,9
31,1
57,8
32,0
52,1
74,2
60,9
59,9
55,1
59,6
50,9
51,3
77,6
60,1
55,4
66,2
61,3
54,9
44,3
56,8
63,7
60,1
58,6
47,3
56,9
62,7
56,2
50,1
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Table 18. Sieve analysis results
Borehole

Depth (m)

SK – 1
SK – 1
SK – 1
SK – 1
SK – 1
SK – 1
SK – 1
SK – 2
SK – 2
SK – 2
SK – 2
SK – 2
SK – 2
SK – 2
SK – 3
SK – 3
SK – 3
SK – 3
SK – 3
SK – 3
SK – 3
SK – 4
SK – 4
SK – 4
SK – 5
SK – 5
SK – 5
SK – 6
SK – 6
SK – 6
SK – 6
SK – 6
SK – 7
SK – 7
SK – 7
SK – 7
SK – 7

3.00- 3.45
4.50- 4.95
6.00- 6.45
7.00- 7.50
9.00- 9.45
10.50- 10.95
12.00- 12.45
7.50- 8.00
13.50- 13.95
15.50- 15.95
16.50- 16.95
18.00- 18.45
19.50- 19.95
21.00- 21.45
4.50- 5.00
11.00- 11.45
12.50- 12.95
14.00- 14.45
15.50- 15.95
17.00- 17.45
18.00- 18.45
6.00- 6.50
12.50- 12.95
15.50- 15.95
6.00- 6.50
13.50- 13.95
15.50- 15.95
3.00- 3.45
6.00- 6.45
7.00- 7.50
9.00- 9.45
13.50- 13.95
4.50- 4.95
9.00- 9.45
14.00- 14.45
16.50- 16.95
19.50- 19.95

+Sieve
No:10
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
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-Sieve No:200
92,7
91,7
93,4
94,3
92,5
93,3
95,4
93,3
92,3
91,4
89,3
90,4
92,6
91,4
90,5
91,4
87,3
95,8
93,6
91,8
92,9
92,9
82,6
88,3
87,6
81,4
78,6
93,6
96,4
92,7
85,6
88,9
93,7
87,4
83,2
96,4
90,1

Table 19. Consistency limit results of boreholes
Borehole Depth (m)

LL (%)

SK – 1
SK – 1
SK – 1
SK – 1
SK – 1
SK – 1
SK – 1
SK – 2
SK – 2
SK – 2
SK – 2
SK – 2
SK – 2
SK – 2
SK – 3
SK – 3
SK – 3
SK – 3
SK – 3
SK – 3
SK – 3
SK – 4
SK – 4
SK – 4
SK – 5
SK – 5
SK – 5
SK – 6
SK – 6
SK – 6
SK – 6
SK – 6
SK – 7
SK – 7
SK – 7
SK – 7
SK – 7

59,8
68,2
63,7
78,9
65,5
66,4
58,6
68,9
54,8
73,9
66,2
74,7
68,4
64,5
86,1
74,3
72,6
64,9
72,1
68,5
66,4
84,1
72,3
68,9
73,2
76,8
64,1
64,1
69,5
78,4
72,6
65,4
62,7
68,3
79,6
72,1
63,4

3.00- 3.45
4.50- 4.95
6.00- 6.45
7.00- 7.50
9.00- 9.45
10.50- 10.95
12.00- 12.45
7.50- 8.00
13.50- 13.95
15.50- 15.95
16.50- 16.95
18.00- 18.45
19.50- 19.95
21.00- 21.45
4.50- 5.00
11.00- 11.45
12.50- 12.95
14.00- 14.45
15.50- 15.95
17.00- 17.45
18.00- 18.45
6.00- 6.50
12.50- 12.95
15.50- 15.95
6.00- 6.50
13.50- 13.95
15.50- 15.95
3.00- 3.45
6.00- 6.45
7.00- 7.50
9.00- 9.45
13.50- 13.95
4.50- 4.95
9.00- 9.45
14.00- 14.45
16.50- 16.95
19.50- 19.95

Soil
Behaviour Compression
PL (%) PI (%)
Type Index İndex (Cc)
(Ic)
39,7
20,1
0,7
0.54
48,6
19,6
0,9
0.61
44,9
18,8
0,8
0.57
59,5
19,4
0,6
0.71
47,6
17,9
0,6
0.59
48,2
18,2
0,5
0.6
39,6
19,0
0,7
0.53
49,5
19,4
0,6
0.62
34,1
20,7
0,5
0.49
46,7
27,2
0,4
0.66
36,4
29,8
1,2
0.59
48,7
26,0
0,7
0.67
44,6
23,8
0,7
0.61
42,1
22,4
0,5
0.58
48,4
37,7
0,3
0.77
52,6
21,7
0,7
0.67
49,9
22,7
0,6
0.65
38,7
26,2
0,4
0.58
46,8
25,3
0,5
0.65
46,2
22,3
0,8
0.62
44,9
21,5
0,7
0.6
66,7
17,4
0,9
0.76
54,1
18,2
0,7
0.65
52,6
16,3
0,8
0.62
52,3
20,9
0,4
0.66
47,3
29,5
0,5
0.69
44,9
19,2
0,5
0.58
42,9
21,2
0,9
0.58
47,7
21,8
0,5
0.62
52,1
26,3
0,6
0.7
49,5
23,1
0,5
0.65
40,9
24,5
0,3
0.59
45,3
17,4
0,9
0.56
50,1
18,2
0,8
0.61
56,4
23,2
0,7
0.72
47,7
24,4
0,7
0.65
42,1
21,3
0,6
0.57

As a result of consistency limits of the samples taken from the
investigation area, the fine-grained soil behaviour type index is “soft” and
“semi-stiff”. Compared to the values obtained from compressibility of the
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samples taken from the study area, the soils in study area is classified as
“high compressibility”. The cohesion and internal friction angle, which
are the shear strength parameters of the soil under investigation, were
determined on the basis of triaxial and direct shear tests. Soil settlement of
the waste water treatment facility structures are presented in Table 20.
Table 21 and Table 22 show the direct shear test and the triaxial test results
of the boreholes, separately.
Table 20. Soil settlement of the waste water treatment facility
structures
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Structure
Settlement (cm)
Inlet Pumping Station And Screen Building
Grit and Grease Removal Tank
0.9
Primary Sedimentation Tank
13.6
Intermediate Pumping Station
11.4
Aeration Tank
27.1
Distribution Chamber For Secondary 2.6
Clarifier
Secondary Clarifier
14.5
Effluent Measurement
1.8
Primary Sludge Thickener
21.9
Storage Tank For Digested
1
Sludge Thickening
5.4
Anaerobic Sludge Digester
26
Gas Holder
Blower Station / Power Supply
6.3
Building
Administration, Workshop And
5.1
Garage Building
Guard House
2.6
Sludge Cake Storage
7.9
Table 21. Direct shear test results
Borehole
SK - 3
SK - 5
SK - 6
Borehole
SK – 1
SK – 2
SK – 4

Depth (m) c (kN/m²)
4.50 – 5.00 34.7
6.00 – 6.50 27.5
7.00 – 7.50 32.8
Table 22. Triaxial test results
c (kN/m²)
48
43
46

Depth (m)
7.00-7.50
7.50-8.00
6.00 – 6.50
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Φ (°)
5
7
6
ϕ (°)
5
6
6

SK – 7

4.50 – 5.00

51

5

According to the permissible settlement values; it has been determined
that the soils under primary sedimentation tank, intermediate pumping
station, aeration tank, secondary clarifier, primary sludge thickener,
anaerobic sludge digester buildings need to be stabilized. Soil
improvements were made by jet grouting method for 6 unit buildings. Test
jet columns were manufactured and the samples taken from these columns
were taken to the laboratory and tested. As a result of the tests, the
preliminary design was revised and the final design was made and the
fabrication was completed. Jet grout method values are peresented in Table
23.

Strength of structure (kPa)

Safe bearing capacity (kPa)

Stress transferred to jet grout
column (kPa)

Stress transferred to the soil
(kPa)

Elastic settlement of jet grout
column (cm)

Elastic settlement of the soil
between jet grout columns
(cm)

Secondary
clarifier
Primary
sludge
thickener
Anaerobic
sludge
digester

Depth of jet grout (m)

Aeration tank

Number of jet grout

Primary
sedimentation
tank
Intermediate
pumping
station

Arrangement shape

Structure

Table 23. Jet grout method values

Equilateral
triangle

182

18

60

67.9

1250

13.7

0.91

0.92

Equilateral
triangle
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17

90

76.8

1250

13.7

0.87

0.88

1436

16

85

69.2

1250

15

0.82

0.9

279

22

60

74.8

1250

13.6

1.08

1.12

45

19

140

74.8

1626

14.2

0.93

1.01

141

21

190

87.2

1365

10.6

0.9

0.83

Equilateral
triangle
Equilateral
triangle
Rectangle

Equilateral
triangle

Conclusion
As a result of this case study, firstly in-situ and laboratory tests were
carried out to analyze the foundation of the structures to be constructed.
Afterwards, by applying the jet grouting method to the zones where the
engineering properties of the soil were determined to be weak, the soil has
been made suitable for completion of the project. The results obtained from
this study can be listed as follows:
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Prior to the construction of the project, necessary soil mechanics
experiments were conducted. As a result of the tests, the soil class was
found as high plasticity silt. Geological structure of the study area was
analyzed and generally alluvial and Gelinkaya formations were observed.
Swelling potential of clays in study area is evaluated according to plasticity
index. Due to low swelling degree of soil, it was determined that swelling
of soil would not occur. As a result of the liquefaction analysis, it has been
determined that in study area there is no liquefaction risk.
According to SPT data obtained from a total of 7 boreholes drilled
within the scope of the study, bearing capacity and settlement problems
was determined on the 6 structures foundation which are aeration tank,
anaerobic sludge digester, primary sludge thickener, secondary clarifier,
primary sedimentation tank, intermediate pumping station.
A total of 2107 jet grout columns were constructed within the scope of
the study. As a result of the jet grouting application, the settlement values,
which are determined between 11 and 27 cm for the six-unit building, are
drawn between the reduced and permissible settlement limits of up to 1 cm.
According to the preliminary design results made with the core samples
taken from the jet grout columns, the average unconfined compression
strength of the core samples and the modulus of elasticity for the same
samples has been found as 6,62 MPa and 2,64 GPa, respectively, and the
basic designs were applied to the data obtained from this preliminary
experiment.
After the completion of the soil improvement with the jet grouting
method, it was determined that the bearing capacity and settlement values
of the 6 unit building grounds are in accordance with the standards. With
this improvement, it has been revealed that the soil has earned the
characteristics to safely carry the loads from the structures. The obtained
data show that soil improvement with jet grouting is a feasible method for
high plasticity silts.
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CHAPTER III
THE EFFECT OF ULTRASOUND ON ANAEROBIC
BIODEGRADATION KINETIC OF 2,4,6-TRINITROTOLUENE
(TNT)
Elif Ince*
I. Introduction
Disposal of unwanted weapon systems due to demilitarization causes
pollution problems at military complexes with the major contaminant at
many military sites being 2,4,6-trinitrotoluene (TNT). Contamination of
soils by explosives such as TNT, generated as a waste from the munitions
and defense industries, has become a significant global environmental
problem. The environmental impact at production sites has been
compounded by the requirement of large amounts of water in the
production of munitions.
In literature to treat TNT, there are a lot of studies using various
methods. TNT is mainly treated by physicochemical methods among of
which incineration is the most effective and a widely used alternative;
however, this method is expensive due to the costs of soil excavation,
transport, and energy incineration (Widrig et al., 1997: 16; Park et al.,
2002: 94). Recent research has focused on less expensive alternatives,
including bioremediation. Biological removal of TNT and other explosives
has been proven to be feasible (Hawari et al., 2000: 54; Kim & Song 2000:
22; Park et al., 2002: 94).
Some researchers have reported the complete reduction of one or more
nitro groups of TNT under both aerobic and anaerobic conditions (MarvinSikkema & de Bont 1994: 42; Park et al., 2002: 94). Many studies have
also investigated kinetic models for the degradation of aromatic
compounds such as phenol and benzene but only few reports have been
published on a kinetic model for the degradation of explosives such as TNT
(Young et al., 1997: 53; Park et al., 2002: 94; Wang et al., 2010: 45).
However, these studies have not contained effect of ultrasound (US) on
biodegradation of aromatic pollutants.
US has been used at a frequency of 20 kHz to 1000 kHz for the
degradation of various pollutants such as chlorinated solvents (Im et al.,
2011: 21), hydrocarbons (Colarusso & Serpone 1996: 22), pesticides
(Farooq et al., 2003: 15), phenols (Liu et al., 2009: 153), and polymers
(Antti et al., 2008: 15). To use US to enhance the microbial performance,
the microbial growth rate should be equal to or higher than the inactivation
*
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rate of microorganisms. Therefore, the parameters that cause the
inactivation of microorganisms in sono-bioreactors must be considered
when designing a reactor.
The objective of this study was to investigate the effect of US on kinetic
parameters regarding the anaerobic growth of a granule microbial culture
on TNT. To this aim, two anaerobic batch bioreactors having the same
dimensions and operational parameters were operated with and without
applying US. The obtained results were compared among each other and
with literature data.
II. Experimental Procedure
Munition wastewater: In this study, the munition industry wastewater
was prepared synthetically to prevent variations in the characteristics of
wastewater and to facilitate the comparison of the results. To provide
suitable habitats for microorganisms, the prepared synthetic wastewater
was composed of 0.4 g/L MgSO4, 0.4 g/L NH4Cl, 0.4 g/L KCl, 0.3 g/L
Na2S, 0.08 g/L (NH4)2HPO4, 0.05 g/L CaCl2, 0.04 g/L FeCl2, 0.01 g/L
CoCl2, 0.01 g/L KI, 0.01 g/L Na(PO3)6, 0.5 mg/L AlCl3, 0.5 mg/L MnCl2,
0.5 mg/L CuCl2, 0.5 mg/L ZnCl2, 0.5 mg/L NH4VO3, 0.5 mg/L NaMoO4,
0.5 mg/L H3BO3, 0.5 mg/L NiCl2, 0.5 mg/L NaWO4, 0.5 mg/L Na2SeO and
0.01 g/L cysteine. In addition, similar to other reports (NDCEE, 1995;
Alnaizy & Akgerman 1999: 33; Maloney et al., 2002: 92; Kröger & Fels
2007:18) in the literature, the presence of other solutes in the wastewater
was taken into consideration and the concentration of TNT was adjusted to
55±0.5 mg/L.
TNT analysis: A TNT analysis was conducted using high pressure
liquid chromatography (Perkin Elmer) in the C18 column (5μm, 25 cm 
4.6 mm) at a column temperature of 25C. As the carrier phase, 50%
methanol and 50% distilled water mixture was used. The carrier was
introduced to the column at a flow rate of 1 mL/min. The wavelength was
set at 254 ηm in the UV-vis detector (Kellner et al., 2011).
Colorimetric mixed liquor suspended solids (MLSS) analysis: The
known concentrations of MLSS values were recorded at a wavelength of
550 nm and the calibration curve was obtained using the absorbance values
(Dilek et al., 1991: 12; Sclafer et al., 2000: 38). MLSS was also measured
gravimetrically (APHA, 2005).
Anaerobic bioreactors: The experimental system is depicted in Figure
1. In this study, two anaerobic bioreactors, R-1 and R-2, were used with
the latter being assisted by US. US was performed using transducers
mounted on the bottom of R-2 with a flange adapter (Figure 2). The
reactors were made from stainless steel to prevent the degradation of TNT
by light.
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The effective and total volumes and initial MLSS concentration of the
both bioreactors were 5 L, 7 L, and 1000±100 mg/L respectively. The
reactors were operated at a constant mesophilic temperature (35±2°C)
maintained by a water circulator. In addition, anaerobic conditions of the
reactors were monitored online based on Oxidation reduction potential
(ORP).

Fig. 1: Bioreactors (a- Anaerobic Reactor, R-1, b- Sono-Anaerobic
Reactor, R-2).

Fig. 2: Flange connection of the US transducer.
Estimation of biokinetic parameters for TNT: Kinetic modeling is an
accepted approach to describe the specific parameters of system
performance. The results of kinetic parameters obtained from experimental
studies can be used to estimate the treatment efficiency of full-scale
reactors under similar operational conditions.
Numerous studies in the literature have examined kinetics models
through the degradation of aromatic compounds such as phenol and
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benzene (Monteiro et al., 2000: 6; Nuhoglu & Yalcin 2005: 20). However,
only a few studies have been conducted for TNT (Admassu et al., 1998: 2;
Park et al., 2002: 94; Wang et al., 2010: 45). To determine substrate
biodegradation rate in biological treatment, it is necessary to evaluate the
relationship between substrate concentration and the specific growth rate.
Within this direction, the biokinetic growth constants, µ m and Ks can be
obtained from the Monod Eq. (1) for noninhibitory substrate.
µ = µ𝑚

𝑆
𝐾𝑠 +𝑆

(1)

However, biodegradation of TNT by microorganisms is considered an
inhibitory process (Park et al., 2002: 94). Table 1 presents different growth
equations for inhibitory substrates (D’adamo et al., 1984: 26; Monteiro et
al., 2000: 6; Park et al., 2002: 94; Nuhoglu & Yalcin 2005: 20; Wang et
al., 2010: 45; She et al., 2012: 242; Zhu et al., 2012: 68). Among these
equations, ‘Haldane equality’ (Eq 2) is widely used for both pure and
mixed cultures of species, due to best fit the experimental data.
Table 1: Growth kinetic equations for inhibitory substrates
Biokinetic Model
#
Reference
𝜇𝑚 𝑆
(Monteiro et al., 2000:
µ=
(2)
𝑆2
6)
𝐾𝑆 + 𝑆 + 𝐾
𝑖
𝑆
𝜇𝑚 𝑆 {1 + ( )}
𝐾
(3)
(Park et al., 2002: 94)
µ=
𝐾𝑠 + 𝑆 + (𝑆 2 /𝐾𝑖 )
𝜇𝑚 𝑆
(Nuhoglu & Yalcin
µ=
(4)
𝑆2
𝑆
2005: 20)
{𝐾𝑆 + 𝑆 + ( 𝐾 )} {1 + (𝐾 )}
𝑖
(Nuhoglu &20 Yalcin
µ = µ𝑚 𝑆𝑒𝑥𝑝(−𝑆/𝐾𝑖 )/(𝑆 + 𝐾𝑠 )
(5)
2005: 20)
µ = µ𝑚 (𝑒𝑥𝑝(−𝑆/𝐾𝑖 )
(6)
(Park et al., 2002: 94)
− 𝑒𝑥𝑝(−𝑆/𝐾𝑠 ))
μ: the specific growth rate (1/h), μm: the maximum specific growth rate (1/h), S: the
substrate concentration (mg/L), KS and Ki: the model constants, representing half saturation
(mg/L) and inhibition (mg/L).

In each experiment, the TNT concentration was gradually increased
depending on TNT solubility. Nine different concentrations of TNT
(5.0±0.5, 15.0±0.5, 23.0±0.5, 44.0±0.5, 49.0±0.5, 56.0±0.5, 66.0±0.5,
70.0±0.5, and 98.0±0.5 mg/L) were prepared and tested over a period of
30 hours. The samples were taken from bioreactors at regular intervals
(every 5 hours). The residual TNT concentration (for control) and
increasing MLSS concentration were measured. Haldane equation was
employed to process the data using Sigmaplot 10.
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III. Results and Discussion
To describe the anaerobic biodegradation of TNT, known to inhibit the
biodegradation reaction (Park et al., 2002: 94; Wang et al., 2010: 45), it is
necessary to use an inhibition model with a substrate. In previous studies,
using several inhibition models for biodegradation of TNT, the Haldane
model has been reported to best fit the experimental data (Gu, 1993; Park
et al., 2002: 94).
The reduction in the concentration of TNT and the increase in the
MLSS concentration in the samples taken from the reactors were measured
at certain intervals. The specific growth rate (μ) was determined from the
slope of the graph using the lnMLSS change as a function of time for each
initial concentration (Table 2). The regression coefficients of the graphs
ranged from 0.995 to 0.998.

Table 2: Specific growth rates obtained from the bioreactors
µ (1/h)
#

TNT (mg/L)

1
2
3
4
5
6
7
8
9

98.0±0.5
70.0±0.5
66.0±0.5
56.0±0.5
49.0±0.5
44.0±0.5
23.0±0.5
15.0±0.5
5.00±0.5

R-1

R-2

0.213
0.210
0.200
0.198
0.173
0.156
0.119
0.092
0.023

0.223
0.212
0.209
0.196
0.165
0.153
0.111
0.093
0.031

The relationship between the μ values and TNT concentrations was
assessed using SigmaPlot 10 based on conformity to Haldane equation. At
the result of this test, the high regression coefficient (r2 = 0.992)
demonstrated the accuracy of the application. Figure 3 presents Haldane
equation and graph obtained.
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Fig. 3: Haldane equation and graph for the R-1 reactor.
The equation coefficients derived from the graph were the kinetic
coefficients for TNT biodegradation. According to the simulation results,
µmax, KS, and Ki were 0.479 1/h, 70.53 mg/L, and 199.40 mg/L,
respectively. Wang et al. (2010) found the respective values to be 0.76 1/h,
100.16 mg/L and 62.20 mg/L for the biodegradation of TNT in the kinetic
assay of an anaerobic filter reactor with immobilized microorganisms. Park
et al. (2002) conducted a study on the estimation of parameters in
biokinetic of TNT degradation by Pseudomonas putida LP-T201. The
authors reported the µmax, KS, and Ki values to be 0.65 1/h, 0.62 mg/L, and
115.00 mg/L, respectively. Gilcrease (1997) investigated the
biodegradation of TNT by Pseudomonas fluorescens pure culture, isolating
the contaminated soil. However, he used the Michaelis-Menten equation
without direct inhibition instead of an inhibition-based kinetics model. In
that study, the µmax and KS were calculated as 0.006 1/h and 140 mg/L,
respectively. Similarly, Admassu et al. (1998) applied the MichaelisMenten equation on the data obtained from the degradation of TNT by
Clostridium bifermentans and calculated µmax and KS, 0.029 1/h and 0.488
mg/L respectively. The kinetic constants obtained in the R-1 differ from
those reported in the literature. The main reason for this is the use of a
mixed anaerobic culture in this study.
As for R-2 US was applied at a power density of 9 W/L during over 20
hours at 5.5-minute intervals. The r2 value for the Haldane equation with
TNT was found to be quite high (0.996). Figure 4 presents the Haldane
equation and graph obtained from the US-assisted reactor.
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Fig. 4: Haldane equation and graph for the R-2 anaerobic reactor assisted
by US.
The biokinetic coefficients obtained from the kinetic studies of the R-1
and R-2 reactors were different (Table 3). When examined individually,
for the anaerobic bioreactor assisted by US, the coefficients, μmax, and KS
increased while Ki decreased. The increase in the μmax and KS values
indicates that the bioactivity of microorganism was increased by the US
application (Chisti, 2003: 21). During the ultrasonic exposure, cavitation
caused by ultrasonic irradiation is the primary basis of biological effects,
and lowest intensity’s effects of the US are attributed to increase the
membrane permeability and change the cell morphology. Stable cavitation
bubbles produced by low intensity US can cause acoustic microstreaming.
The microstreaming will cause shearing stress on the surrounding cells and
enhance the mass transfer, which may stimulate metabolic activities inside
the cells (Lin & Wu 2002:78; Liu et al., 2003: 32; Pitt & Ross 2003: 19;
Xie et al., 2008: 15). US can also thin the fluid boundary layer around cells
positioned closed to the bubbles, thus enhancing mass transfer (Chisti,
2003: 21. Furthermore, the sorption of hydrophobic pollutants onto
biomass in wastewater treatment affects the rate of biodegradation (Wang
& Grady 1995: 67). However, the reduction in the value of Ki also indicates
that the effect of TNT inhibition increased with the acceleration of the
transfer of materials into and out of cells due to the changes to the
membrane permeability of microorganisms.
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Table 3: Kinetic coefficient values of the bioreactors
Bioreactor
µmax (1/h)
KS (mg/L)
R-1
0.479
70.53
R-2
0.511
75.25

Ki (mg/L)
199.40
188.30

Although TNT solubility in water is 130 mg/l at room temperature
(EPA, 2014), the presence of other solutes in the wastewater has been taken
into consideration and the tested concentration of TNT is below 130 mg/l.
The results obtained in the study, showed that inhibition concentration of
TNT on the anaerobic culture was higher than the maximum concentration
that could be present in the wastewater. This indicates that the munition
industry wastewater can be treated by the anaerobic granules. When the
US was applied on the anaerobic system, the value of μ max increased due
to a higher bioactivity of the microorganisms. In contrast, the value of Ks
was expected to decrease, but an increase in the value of K s had been
observed due to the inhibition effect of TNT.
In addition, Considering the value of Ki (still a high value) was reduced
due to applied US, it is thought that the US assisted anaerobic treatment
provided higher removal efficiency and rates due to increase in membrane
permeability of anaerobic microorganisms.
IV. Conclusions
In this study, nine batch studies of TNT degradation with different
initial TNT concentrations of 5-98 mg/L were conducted. The Haldane
model effectively described the anaerobic biodegradation of TNT based on
μmax, Ks and Ki with high correlation coefficients (0.992-0.996). The
maximum specific growth rate was found to be greater in the R-2 (0.511
1/h) than the R-1 (0.479 1/h) due to the increase in bioactivity by the
applied US. US enhanced the mass transfer within microorganisms due to
an increase in the membrane permeability and a thinner fluid boundary
layer around microorganisms positioned closed to the bubbles, thus
resulting in a higher TNT biodegradation.
Symbols
Ki

inhibition constant

mg/L

KS

half saturation constant

mg/L

S

substrate concentration

mg/L

μ

Specific growth rate

1/h

μmax

Maximum specific growth rate

1/h
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Subscripts
MLSS

Mixed Liquor Suspended Solids

ORP

Oxidation Reduction Potential

R-1

Anaerobic Bioreactor

R-2

Sono-Anaerobic Bioreactor

TNT

2,4,6-Trinitrotoluene

US

Ultrasound

UV

Ultraviolet
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CHAPTER IV
AN ALTERNATIVE EDIBLE OIL SOURCE; SESAME OIL
Ebru Tanrıverdi & Zeynep Akşit & Şeyda Karagöz
Introduction
Sesame is one of the oldest oilseeds known and cultivated in the world.
Especially it is cultivated in Asian and African countries and used in the
cosmetic industry and food products such as spices, salad dressings and
tahini, it is used in the production of tahin and tahin halva in Turkey
(Bozkurt 2006; Putthanimon et al. 2012). Despite the presence of 37 known
species of sesame from the family Pedaliaceae, many of these species have
not been studied yet and only Sesamum inducum L. strain is cultured
(Kobayashi 1981).
Many benefits of sesame and its products are known. Some of the
sesame oil utilities are; it increasing plasma gamma-tocopherol and
increasing vitamin E activity, which is thought to prevent cancer and heart
disease, high polyunsaturated fats also reduce cholesterol. It also contains
sesamolin and sesamol with antioxidant activity (Sowmya et al. 2009). The
use of sesame oil in the formulation of food products is valuable due to its
richness in unsaturated fatty acids and its chemical composition. Besides
being an important oilseed, it has found wide use in the pharmaceutical and
cosmetic industry due to its antioxidant compounds (Bozkurt 2006;
Alencar et al. 2008). Many bioactive components in sesame oil have been
utilized to improve wound healing, skin diseases, cholesterol control,
antioxidation and stability enhancement (Hemalatha & Ghafoorunissa
2007; Sowmya et al. 2009; Anılakumar et al. 2010).
This paper deals with the history of sesame oil, extractions and
extraction types of sesame oil, properties of sesame components, sesame
oil and health relation, use in emulsions and studies on these subjects are
compiled.
1. History And Composition of Sesame and Sesame Oil
1.1.

History of Sesame

Sesame seed (Sesamum indicum L.) is one of the oldest edible oil
sources in the world that has been cultivated for about 4000 years and is
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widely cultivated in tropical and subtropical regions and used worldwide
for human nutrition (Morris 2002; Alencar et al. 2009). Today, it is a single
annual plant known as one of the oldest oilseed plants in history, cultivated
in many regions of the world, especially in China, India, Afghanistan,
Pakistan, Indonesia, Bangladesh, Myanmar, Sudan and Sri Lanka (Ashri
2007; Yol 2011). Sesame was produced in many regions of the Ottoman
State and the first document on sesame agriculture is dated 1850. Though
it is not possible to give a clear history of the beginning of sesame in
Anatolia, which contains many ancient civilizations, most researchers
agree that it is the first cultivated oilseed plant and its agriculture has been
carried out in the countries around the Euphrates River since very old times
(Ilısu 1973).
Sesame in Pedaliaceae family belongs to the genus Sesamum and there
are about 37 species, but only Sesamum inducum L. is cultured (Kobayashi
1981). S.radiatum, S.angustifolium and S.alatum from wild varieties were
studied by researchers (Eldin 1994). Though it is the oldest known oil
plant, sesame has become a product that has been studied much less than
other cultivated plants. Sesame seeds are in the 8th place among the
oilseeds produced in the world. It is ranked 5th among the oilseeds planted
in Turkey (Tan & Kaya 2001). Our production can not supply the demand
of the country and about 80194 tons of sesame seeds are imported every
year (FAO 2009).
The sesame seeds cultivation in Turkey shows a decrease from year to
year. The most important reasons for this decline are; yield losses during
harvest, high cost of labor, low yields of used seeds. Also, the genotypes
used in our country have inadequate resistance to many disease agents
cause a sharp decrease in sesame production, especially in recent years. To
overcome these negative conditions, the most important issue is
developing new sesame varieties that are highly efficient, stable, resistant
to diseases and compatible with various ecologies of our country (Yol
2011).
The ratio of oil in sesame is not constant but varies significantly
according to region and varieties. Amelioration work in sesame is limited
especially in our country. The cultivated varieties in many countries,
including Turkey, have not yet been fully accepted (Baydar et al. 1999).
1.2.

Composition of Sesame Oil

The most common fatty acids in sesame oil are; 41.5% - 47.9% linoleic
acid, 35.9% - 42.3% oleic acid, 7.9% - 10.2% palmitic acid, 4.8 - 6.1%
stearic acid and in lower amount (0.3%-0.4%) linolenic acid and (0.3%0.6%) arachidic acids (Anonymous 2001). The unsaponifiable portion of
sesame oil includes biologically active molecules that impart relatively
good thermal stability to the oil, such as sterols, phenolic antioxidants
(including gamma-tocopherol), lignans (most commonly sesamin,
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sesamolin and sesamol) and lignan glucosides (Hemalatha &
Ghafoorunissa 2007).
Along with all these, the fatty acid composition and fat content of
sesame seed oil affected by various ecological, physiological and cultural
factors (Kowalska & Żbikowska 2015).
2. Emulsion And Antioxidant Properties Of Sesame Oil
2.1.

Use of Sesame Oil In Food Emulsions

Sesame is widely used for vegetable oil (77,6%) and the other part is
consumed in confectionery (20,1%) and as seed (2,3%) (Tan & Kaya
2001). Sesame oil directly consumed until today. Recently, sesame oil has
been used rarely in food emulsions and the information on this subject is
still limited (Putthanimon et al. 2012). In food emulsions; the use of sesame
oil in the oil-based emulsion system presents a new possibility (Kowalska
& Żbikowska 2015).
Sesame oil is a good fat substitute material for meat products because
of its high content of polyunsaturated fat, low cholesterol content and rich
and desirable aroma. It contains lignan, sesamin, sesamolin and sesamol;
sesamolin and sesamol have antioxidant activity and are very stable against
oxidative degradation (Tan & Kaya 2001).
In some studies related to sesame oil emulsion; Zhuang et al. (2016)
examined the properties of the emulsion they formed using pre-emulsified
sesame oil and sugar cane dietary fiber (SDF) instead of pork fat; found
that this emulsion has effect on color, dynamic rheology, texture, water and
oil binding properties and sensory properties. The emulsion formed with
SDF and pre-emulsified sesame oil resulted in improved texture and good
sensory scores were obtained. In another study investigating the stability
of sesame oil emulsion in water, they found an emulsion formulation that
could remain stable for up to 68 days. This emulsion containing 40 grams
of sesame oil and 0.6 grams of carboxymethylcellulose was stable under
both cool and warm conditions (40 °C) conditions and the researchers
arrived result that such a new formulation would be beneficial with
composition of fatty acids and the specific odor of sesame oil that could
also be used in the cosmetics and pharmaceutical industry (Kowalska &
Żbikowska 2015). In a study by Putthanimon et al. (2012) investigating the
effects of pH and heat treatment on sesame oil emulsion, they formed a
multilayer emulsion using whey protein isolate-pectin together with
sesame oil, and these emulsions were stored at pH 3-6 at 50-90°C, the
result was reported as relatively good stability to particle aggregation.
The use of sesame in emulsions is generally on the use of sesame
protein isolate and sesame seeds to emulsify, the emulsion properties of
sesame oil and their contribution to emulsion need to be investigated.
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2.2.

Antioxidant properties of sesame oil

Lipid oxidation is main reasons for the poor quality of edible oils; it is
the cause of significant deterioration in chemical, nutritional and sensory
properties. The sesame seed oil significantly resists oxidation. It has been
reported that sesame oil has a better antioxidant effect when compared with
other nutritional oils such as sunflower, peanut. The high stability of
sesame oil towards oxidation can be attributed to lignans (sesamol,
sesamolin and sesamin) that are naturally found in its structure and that are
only specific to this oil. It can also be attributed to tocopherol, phenol, the
antioxidant effects of some hydrocarbons and sterols, which are found in
other edible oils (Bozkurt 2006; Idris et al. 2013; Chandrasekaran et al.
2014; Mario et al. 2014; Gharby et al. 2015)
A combination of several compounds is more responsible for the
oxidative stability of sesame seed oil than a single component in the seed.
The most efficient compounds are sesamin, sesamol, sesamolin and
tocopherols (Gharby et al. 2015). Although sesame seed oil contains high
levels of unsaturated fatty acids and even a small amount of free fatty acids,
it is known to show more stability during storage than other dietary
vegetable oils (Wan et al. 2015). Compared with other edible oils, it has
been reported that sesame oil offers better protection against increased
blood pressure, hyperlipidemia, and lipid peroxidation by increasing
enzymatic and nonenzymatic antioxidants (Chandrasekaran et al. 2014). It
has been reported that sesame seed oil has a strong antioxidant effect when
compared to α-tocopherol, so that it can be categorized as an edible oil with
considerable antioxidant potential (Bopitiya & Madhujith 2013).
Lignans
Lignans are a group of natural compounds that are defined as an
oxidative coupling product of β-hydroxyphenypropane. They are called
lignans when two phenylproponoid (C6-C3) units are linked to each other
by a β-β 'linkage in plants. Lignans are also known as phytoestrogens
because they show estrojen-like properties in humans and animals. Some
lignans are known to have antitumor, antimitotic and antivirus effects
(Bozkurt 2006;Namiki 2007).
Sesame seed contains significant amounts of typical lignans such as
sesamin, sesamolin, sesaminol. Sesamin and sesamolin have been known
as major lignans in sesame seed, and sesaminol is a major lignan that is
subsequently identified (Namiki 2007). The lignans contributes to the
stability of sesame seed oil to oxidation. Lignan content of seed shows
remarkable differences according to seed colors, cultivars, and crop years
(Kim et al. 2014; Gharby et al. 2015). Sesamin amount in sesame oil were
reported as 6.0-1.91 g/kg in India and Thai respectively; sesamolin amount
in sesame oil were reported as 4.4 mg/kg in India and 5.02 mg/kg in Thai
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respectively (Wan et al. 2015). Sesamol and sesamolin have been reported
to be present only in sesame oil and are reported to exhibit very high
oxidative effects when added to certain liquids and fats (Kayahan 2014).
Sesamin
The closed formula of sesamin, the main compound of sesame lignans,
is C20H18O6. Its structural formula is given in Figure 1. The content of
sesamin in seed oil is about 0.4%. Sesamine {2,6-bis- (3,4methylenedioxyphenyl) -cis-3,7-dioxabicyclo [3.3.0] octane} is highly
hydrophobic. It has no free phenol group and showed very weak or no
antioxidative effects in conventional in vitro tests. However, if sesamin is
metabolized to one or more phenolic group compounds in the body, it
exhibits significant physiological activities in vivo (Bozkurt 2006; Namiki
2007).
Generally, many studies have reported that sesamin does not show a
strong antioxidant effect individually and it has very little scavenging or
inhibitory effects on hydroxyl (OH), 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and superoxide anion (O2-) radicals and lipid peroxidation in vitro.
But, although rare, it has been expressed in some studies that sesamin has
certain effects on scavenging free radicals in vitro. The current widely
accepted opinion is that sesamin has weak antioxidant activity in vitro but
a significantly strong antioxidant effect in vivo. As a result of the studies
sesamin has been classified as a pro-antioxidant (Bozkurt 2006; Namiki
2007; Wan et al. 2015).
As one of the mysterious compounds in sesame seed oil, sesamin has
been investigated in many studies for its various activities such as liver
fatty acid synthesis suppression and blood lipid regulation, liver support
and liver protection, antitumor activities, antihypertension, antiallergy,
oxidative stress attenuation, etc. (Bozkurt 2006; Namiki 2007; Wan et al.
2015).

Figure 1: Structural formula of sesamin
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Sesamol
Sesamol (3,4 methylene-dioxyphenol) which its structural formula is
given in Figure 2 is a compound found in trace amounts in sesame seed oil.
Sesamol is also formed by thermal reduction of sesamolin during seed
roasting, frying and hydrogenation. Sesamol has a phenolic group that is
responsible for the antioxidant activity of many natural products and
vitamins and a benzodioxole group that is widely distributed in nature and
has been shown to possess antitumor, antioxidant, radioprotector,
antifungal, antibacterial, and many other biological activities in its
molecular structure. Sesamol is a unique phenolic compound due to its
solubility in the water as well as the oil phase and thermal stability. The
free radical scavenging activities of sesamol, its nontoxicity, solubility in
aqueous as well as lipid phases, and stability at high temperatures during
cooking make it a strong antioxidant (Yoshida & Takagi 1999; Joshi et al.
2005).

Figure 2: Structural formula of sesamol

Yoshida & Takagi (1999), reported that the addition of sesamol and
tocopherol retarded the oxidative deterioration of the microwave-heated
oils. They reported that the oxidative deterioration inhibition levels of these
antioxidants were 400 ppm for tocopherols and 50-400 ppm for sesamol.
Sesamolin
Sesamolin
{2-(3,4-methylenedioxyphenyl)-6-(3,4-methylenedioxy
phenoxy)-cis-3,7-dioxabicyclo [3.3.0] octane} is a major constituent of the
non-saponified fraction of sesame oil. Sesamolin is thermally unstable and
does not have antioxidant activity alone. However, sesamolin is a precursor
to sesamol and sesaminol which are two phenolic antioxidants. Sesamolin
converts into sesamol during refining and frying, also transforms by the
bleaching process to sesaminol (Kamal-Eldin & Appelqvist 1995; Wan et
al. 2015). The structural formula of sesamol is given in Figure 3.
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Figure 3: Structural formula of sesamolin

Tocopherol
Tocopherols (Figure 4), in addition to possessing vitamin E function,
are the major natural antioxidants in foods. Tocopherols, which are the
most common antioxidants in nature, is important for the stabilization of
vegetable oils. Tocopherols are not volatile, as are butylated
hydroxytoluene and butylated hydroxyanisole, and they do not cause
discoloration such as lecithin at high temperatures or off-flavor, as does
tertiary butylhydroquinone. Hence, they can be used for the stabilization
of heated oils (Yoshida & Takagi 1999; Kayahan 2014).
Apart from sesame lignans (sesamin and sesamol), sesame seeds and
oil also contain other biologically active compounds such as vitamin E,
which has many beneficial properties, such as antiproliferative effects in
human cancer cells, anti-inflammatory effect and partial inhibition of agerelated transcriptional changes in the heart and brain of mice (Tenyang et
al. 2017).
Tocopherols in seed oil are extremely important because they play a
protective role against the oxidative degradation of polyunsaturated fatty
acids in plants. They are natural lipophilic antioxidants found mostly in
vegetable oils. Total tocopherol contents of sesame oil are 446 ppm. In
sesame seed oil, only α-, γ- and δ-tocopherols are present. Gammatocopherol is the most important tocopherol in sesame and represents
approximately 90.5% of total tocopherols, followed by δ-tocopherol
(7.3%) and α-tocopherol (2.2%) (Gharby et al. 2015; Wan et al. 2015).
There is a synergistic action among sesame lignans and tocopherols. In
mice, although α-tocopherol alone has little effect, it has been reported that,
it increases the reducing activity of the serum cholesterol level when αtocopherol is fed together with sesamin (Wan et al. 2015).
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Figure 4: α- tocopherol (R: CH3; R’:CH3; 5,7,8- trimethyl tocol); β- tocopherol (R: CH3;
R’: H; 5,8- dimethyl tocohol); γ- tocopherol (R: H; R’: CH3; 7,8- dimethyl tocohol); δtocopherol (R:H; R’: H; 8- methyl tocol) (Bozkurt 2006).

3. Extraction of Sesame Oil
In obtaining a quality sesame oil; harvest, pre-treatments applications
to the harvested material, storage conditions and selection of suitable
extraction methods are important (Khan & Hanna 1983; Karataş 2015). In
relation to this, up to now in literature studies on sesame oil, traditional
(chemical, mechanical) and innovative (enzymatic, supercritical)
extraction methods have been encountered. The first of these; is (chemical)
use of organic solvents on powder seeds and the recovery of these solvents
by distillation or (mechanical) extraction with screws or hydraulic presses,
the second is; (supercritical) extraction using supercritical fluids such as
CO2 and propane or (enzymatic) with enzymes that allow separation of oil
and sediment (Fig. 5) (Fang & Moreau 2014; King 2014; Rostami et al.
2014; Benítez-Benítez et al. 2016).
Traditional method steps used in the production of sesame oil consisted
of cleaning, crushing, roasting, grinding and degreasing processes (Fukuda
& Namiki 1988; Rostami et al. 2014). One of the most important of these
steps is roasting, which affects the color, composition and organoleptic
qualities of the extract as well as oxidative stability (Yen & Shyu 1989;
Rostami et al. 2014).
Sesame oil; obtained often with less expensive or manual techniques
such as floatation in hot water, bridge presses, piston presses, ghani
processing, or the use of small diameter expellers in developing countries;
in developed countries are usually extracted with expeller presses, large-
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scale oil extraction machines, or pressing followed by chemical solvent
extraction (KamaI-Eldin & Appelqvist 1994). However, in terms of yield,
solvent extraction is a more effective and complete method than oil
extraction for edible oil producers (Xu-Yan et al. 2012; Alperen 2013).

Figure 5: Different sesame oil processing (Kaviani et al. 2015)

The yield of solvent extraction is better than other methods, but leads
to the formation of degradation products from heat sensitive components
and leaves traces of toxic solvent on traces. There is no toxic residue
problem in the supercritical fluid extraction method. Studies have been
carried out to extract sesame oil by this method to increase the extraction
yield of the method and to prevent the formation of these harmful
components and solvent residue (Döker et al. 2010; Alperen 2013).
4. Usege Areas and Health Impact of Sesame Oil
4.1.

Area and Purpose of Use

Sesame oil which has been experimentally proven to be resistant to
oxidative degradation was used to make a mummy in Ancient Egypt.
Nowadays sesame oil is used as raw oil and roasted oil. Roasted oil is used
in China, Korea and Japan as a seasoning in salads and edible oil (Namiki
2007). Although sesame oil is an edible oil, its usage as vegetable oil is
limited in Turkey because of its high cost. Sesame seeds are the raw
material in the production of tahin and tahin halva in our country, and it is
also used as spice and confectionary products (Bozkurt 2006). Sesame oil
is very popular in Korean, Japanese and Chinese foods in the world. In
Thailand, it is used for many purposes such as cooking, cosmetic
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preparations, body lotion, shampoo and soap. Most people in Asia use
sesame oil for spices, especially sauces and salad dressings (Putthanimon
et al. 2012).
Sesame seed oil is rich in polyunsaturated fatty acids and it is used in
margarine production, it contains phytosterol and lignan are widely used
in medicine and pharmacy applications. Sesame seed oil is also suitable for
use in the nutraceutical, pharmaceutical and cosmetic domains because it
has a long shelf life. It is also considered functional food in many countries
due to its antiaging effect and its preventive effect on some diseases
(Namiki 2007; Arıgül & Zorba 2012; Gharby et al. 2015; Liu et al. 2015).
4.2. Effects on Health
In addition to consuming sesame oil as food, it has an important role in
traditional medicine. Because anti-bacterial and anti-inflammatory are the
most important features of oil (Nekozad et al. 2011; Heidari-Soureshjani
et al. 2016).
The history of sesame oil is based on ancient times. Sesame oil has been
used by the Indians to relieve anxiety and insomnia; and in the 4th century,
it was used by the Chinese as an antibacterial mouthwash to treat gum
diseases (Annussek 2001; Morris 2002). However, it seems to have been
used to heal wounds for thousands of years. In addition to common skin
diseases such as athlete's foot mushroom, it is a natural antibacterial for
common skin pathogens as Staphylococcus and Streptococcus. Recent
studies by Ayurvedic doctors in the Netherlands, it has been used to treat
various chronic diseases such as hepatitis, diabetes and migraine
(Anılakumar et al. 2010). Sesame oil is mild constipation relieving,
softening and soothing. The sesamin, contained within, protects the liver
from oxidative damage (Anılakumar et al. 2010). Besides, areas of use in
treatment include blurred vision, dizziness and headache (Annussek 2001).
In a clinical trial, sesame oil was reported to be much more effective than
the isotonic sodium chloride solution of the nasal mucosa culture due to a
dry winter climate (Johnson et al. 2001; Morris 2002).
Sesame oil, through the vitamin E it contains; increases the glutathione,
content of the aldehyde-binding component, cysteine. Antioxidant
enzymes such as SOD (superoxide dismutase), CAT (catalase), GPx
(glutathione peroxide) and GST (glutathione-S-transferase) protect the
brain from oxidative damage due to free radical formation. The secretion
of these enzymes in rats fed with sesame oil for 15 days (20% of their diets)
is reduced. Through to the antioxidant components of sesame oil, the
protective effect of brains against ischemia (Ischemia: lack of local blood
in a region in the body) has been demonstrated (Ahmad et al. 2006; Alperen
2013)
Scientists have reported that sesame oil inhibits the proliferation of
human colon cancer cells and the growth of malignant melanoma in vitro
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(Smith & Salerno 1992). Also, the oil deactivates the oxygen radicals in
subcutaneous tissues. It protects good cholesterol (HDL; high density
lipoprotein) and reduces bad cholesterol (LDL; low density lipoprotein)
(Sirato-Yasumoto et al. 2001).
There are certainly many benefits of sesame and its products, but in the
source scans it has also been noted that there are some damages in specific
cases. Skin inflammation cases observed in some people depend on
exposed directly to cosmetic and pharmaceutical products containing
sesame allergens. For this reason, allergy conditions should be considered
when sesame oil is used. Symptoms of sesame allergy have been described
as urticaria (itchy skin disease), angioedema (a subcutaneous disorder),
rhinitis (nasal inflammation) and asthma (Elleuch et al. 2011; Alperen
2013).
Conclusion
Sesame seed is one of the first cultured oil seeds, it has been cultivated
since ancient times. There are many wild species of its, however only
Sesamum inducum L. is being cultivated. Other species are being
investigated. In our country, the production of sesame is decreasing year
by year because of the loss of yields during harvest, high labor costs, the
use of low-yield seeds and genotypes not susceptible to disease. The oil
content of the seed varies according to the region and varieties. Two
methods are used in sesame oil extraction, the traditional method and the
innovative method. Supercritical fluid extraction is the best extraction
method because it increases extraction efficiency, prevents the occurrence
of harmful components and prevents solvent residue. Sesame oil is used as
edible oil and sauce and in margarine production. It is also used in the
pharmaceutical and medical industry. Sesame and its derivatives also have
side effects known as sesame allergy. For the usage of this oil, its side
effect must be investigated first. Sesame oil, which is rich in unsaturated
fatty acids, shows good oxidative stability due to the lignan and
tocopherols in its structure. The use of sesame oil in food emulsions is also
being investigated, but there is limited information in the literature on this
topic.
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CHAPTER V
MANAGING THE DYNAMIC GEOGRAPHICAL DATA IN
INTELLIGENT TRANSPORTATION SYSTEMS USING LOCAL
DYNAMIC MAP

Gülsüm Çiğdem Çavdaroğlu*

1. Introduction
Cooperative intelligent transportation systems (C-ITS) provide
cooperative safety driving applications and services to help drivers and
improve safety in traffic. All applications in the context of C-ITS use
vehicle sensor data and map data together. Due to the highly dynamic
structure of the vehicle sensor data and location data, management of them
together is a challenging problem. In traditional methods, static map data
were used. However, C-ITS applications require both static map data and
dynamic featured data in the traffic such as accidents, weather conditions,
and dangerous intersection points. Static map infrastructures are not able
to store or manage dynamic featured data. In this paper, a collision warning
system that is supported by local dynamic map (LDM) is introduced and
how LDM provides a dynamic view of the local traffic situation fed by for
example radio messages, sensors, and static data are presented.
1.1. Related work
1.1.1.

Intelligent transportation systems and standards

Vehicular ad hoc network (VANET), one of the most important parts
of the intelligent transportation system (ITS) includes two kinds of the
network: vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I)
(Groves, et al., 2014). In order to improve traffic safety, V2V and V2I are
applied to wireless communications between vehicles and roadside units.
In the context of VANET vehicle communication, dedicated short-range
communications (DSRC) is accepted as a standard by IEEE (Tan & Huang,
2006). Vehicles can broadcast and receive messages which contain
vehicle-related information by using onboard dedicated short-range
communication devices (Harding, et al., 2014). Vehicles received the
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messages from the other vehicles, and process them in order to obtain the
location of the other vehicles, future trajectories, and calculate collision
hazards (Miucic, et al., 2015). VANET’s communication distance is up to
1000 meters (Xu, et al., 2013).
1.1.2.

Intersections and intersection collisions

An intersection is a point where two or more roads cross or converge.
An intersection is one of the most complex situations that a driver
encounters. It can contain as many as six streets converging. There are
varying types of accidents observed at intersections, include collisions
between vehicles when one is turning across traffic, rear-end crashes, sideimpact collisions, and side-swipe collisions (http://www.roadcover.co.za).
1.1.3.

Collision detection algorithms and collision warning
systems

Roughly 30 different types of collision detection and avoidance systems
exist for different driving circumstances. The challenge of these systems is
to provide not only effective support functionality, but also timely warning
information to the drivers (Parasuraman, et al., 1997). The vehicle collision
warning systems (CWSs) usually use the information measured by the
vehicles via their own sensors (Balint, et al., 2013; Deroo, et al., 2013; Tan
& Huang, 2006; Whitmire, et al., 2011).
Rear-end collision detection algorithms use the time-to-headway
criterion which is not useful as a general criterion since it applies to
situations only where the lead vehicle is stationary and in conditions of low
visibility. How long it would take the following vehicle to reach the lead
vehicle is based only on the following driver’s speed. More complex
collision detection algorithms combine time-to-collision measures based
on headway and relative closing speed with other factors such as visibility
and traffic density (Hogema & Van Der Horst, 1994).
Some related researches and works are based on implementing
protocols to obtain much more robust systems. Asher and Galler developed
a concept for cooperative collision warning based on a combination of
ranging sensor data and data communicated from neighboring vehicles
(Asher and Galler, 1996; 1997). This concept may work with both
equipped and unequipped vehicles since it does not depend entirely on the
communicated data. The protocol which was designed by S. Xu et al. for
safe warning delivers warning messages to all vehicles in danger states.
This protocol implements the shortest delay first method (Xu, et al., 2013).
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The policies, which have been defined by Yang, make enable us to obtain
a low emergency warning message delivery delay (Yang, et al. 2004).
Another method is making predictions for the future trajectories and
future locations of the vehicles. R. Zhang et al. developed a remote vehicle
trajectory algorithm based on connected vehicle information and also
provided a framework to predict future trajectories (Zhang, et al., 2016).
Another method is the modeling of the vehicles’ behaviors. The
modeling of Barrio et al. explores four models for the vehicles’ behaviors
(Barrios & Motai, 2011): (1) a vehicle that is not moving; (2) a vehicle
traveling at a constant velocity; (3) a vehicle traveling with constant
acceleration; (4) a vehicle traveling with a constant jerk to predict the
vehicle future trajectories. Jihua et al. have explored a feasible vehicle
future trajectory prediction using vehicle positions and velocities from
differential global position system (DGPS)-based positioning system and
use of the positions and trajectories of nearby vehicles (Huang and Tan,
2006). This method also calculates error statistics of the prediction by
treating the model-based prediction as an equivalent open-loop Kalman
filter (Huang and Tan, 2006). Groves et al. have proposed a framework for
predicting the paths of vehicles that move on a road network (Groves, et
al., 2014). The framework leverages global and local patterns in
spatiotemporal data. Yanlei et al. have proposed estimating vehicle
position by using three-dimensional (3D) maps and ray-tracing methods in
order to overcome the problems in urban canyon (Yanlei, et al., 2014).
Some researchers are based on using other devices and equipment to
get additional information which helps to calculate required parameters. In
T. Han-Shue and et al.’s work, vehicles are equipped with a DGPS unit and
motion sensors (Tan & Huang, 2006). Acceleration-based connected cruise
control, which has proposed by Jin, makes enables to access to signals
received from multiple vehicles ahead through V2V communication (Ge
& Orosz, 2014). F. Zhu et al. have developed a linear programming
formulation for autonomous intersection control which accounts for traffic
dynamics within a connected vehicle environment (Zhu & Ukkusuri,
2015). Yang and colleagues at the Japan Automobile Research Institute
defined a concept for cooperative intersection collision warning based
entirely on DGPS positioning and wireless communication among the
approaching vehicles (Yang, et al., 2000). Passmann et al. from Bosch
defined a broader concept for wireless communication of safety
information among vehicles within a 1–2 km range, but their concept
addressed hazardous conditions identified by a variety of means rather than

60

relying strictly on differences between the DGPS positioning information
as the indicator of a hazard (Passmann, et al., 2000). Oloufa and Radwan
proposed the use of DGPS positioning for collision avoidance warnings,
but in their scheme the conflict predictions would be estimated by a central
server, which would then communicate warnings to the vehicles,
introducing a variety of additional complexities and latencies (Oloufa &
Radwan, 2001). Kato and colleagues tested and demonstrated DGPS
positioning and wireless communication among vehicles for application to
fully automated driving of a platoon of five-passenger cars on a test track,
which is one of the most demanding applications in terms of information
accuracy and reliability (Kato, et al., 2002).
Another method is using the positions and velocities of the vehicles. If
the positions and the velocities of the vehicles are known to sufficient
accuracy, vehicles can identify the collision possibilities. In this method,
vehicle positioning and wireless communication technologies are used
instead of direct ranging sensors. The quality of this method depends on
the accuracy of the vehicle position and velocity information that is
available.
1.1.4.

Driver’s reaction time

The typical reaction time of a driver under a dangerous situation is 0.75
to 1.5 s (Xu, et al., 2013). This limitation is valid both for a manual driving
situation and for the collision warning system supported situations. This
limitation brings a risk of collision. Earlier vehicle future trajectory
prediction technology allows drivers enough time to make appropriate
decisions to avoid potential collisions (Golestan, et al., 2016; Talebpour,
et al., 2015).
1.1.5.

False alarm rate

Unfortunately, many proposed collision-warning systems are
vulnerable to false alarms, despite technological advances in collision
warning systems such as reliable, low-cost radars, sensors with low noise
levels, and the development of accurate detection algorithms for particular
crash types. Fundamental practical constraints make perfect sensor
detection difficult to achieve. Imperfect detection conflates the false alarm
rate. Due to the low base rate of collision events, the posterior probability
of a collision given an alarm can be quite low. As a result, only a small
proportion of alarms will represent true collision scenarios (Parasuraman,
et al., 1997). Poorly designed warning and alerting systems, and false
alarms cause disuse (Satchell, 1993). Solving the false alarm problem is
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crucial for future ITS deployment (Horowitz & Dingus, 1992; Knipling, et
al., 1993).
2. Methodology
The work presented in this paper is focused on intersection collision.
The proposed CWS has been supported with LDM functionality in order
to achieve much more robust results and decrease the number of false
alarms. The main goal of the proposed CWS is to detect possible
intersection collisions considering the speed of the vehicle. Considering
the speed helps to reduce the number of false alarms.
2.1. System environment and scenario
The system environment (which is shown in Figure-1) consists of roadside-units (RSU), in-vehicle communication devices (onboard units,
OBU), and traffic control centers. It is based on V2V and V2I
communications. In this environment, the communication among the
system components is based on GPS, GSM/GPRS, CAN (Controller Area
Network), and 802.11p. Both the onboard unit and the vehicles are
equipped with GPS. In this study, the locations of the vehicles are obtained
from the onboard unit's GPS. RSUs broadcast messages to the vehicles.
These messages contain real-time and instant information about the traffic
situation in the vicinity. The onboard units receive messages which contain
the speeds of the vehicles from the vehicles through CAN communication.
The communication between the onboard units is based on 802.11p. Figure
1 shows the main components of the system and the transferred data
between them.
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Figure 1 System Environment

The main technical specifications of the embedded OBU device are
given in Table – 1.
Processor
System Memory
DSRC Radio

Antenna

Freescale MPC 5121e 400MHz
64MB NOR flash, 512MB DDR2 SDRM
IEEE 802.11p 5.85 - 5.925GHz, -90dBm
Rx sensitivity, channel width
10MHz/20MHz
5.9GHz, 5dBi Omni x 1
Table 1 OBU Hardware Specifications

The algorithm is included in embedded software that runs on in-vehicle
communication devices. Due to the limited technical specifications of
those onboard units (which are shown in Table-1), data size and
performance are the most considerable parameters. The required data
include (1) map data, (2) dynamic data such as calculated intersection
points, pre-defined emergency intersection points, weather conditions,
road conditions, and (3) highly dynamic data such as the location of the
vehicles. The static map data size must be limited since the disk capacity
of the onboard unit is only 64 MB. The dynamic and highly dynamic data
are received from the environment as the vehicle is moving. This is ensured
by assigning an interest region to each vehicle. Interest regions include all
the required information related to the current location of the vehicle. This
method provides a sufficient usage of the onboard unit disk. Figure-2
represents the interest regions of a vehicle at different locations.
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Figure 2 Interest Regions of a Vehicle at Different Locations

2.2. Local dynamic map
LDM is a standardized method by ETSI (European
Telecommunications Standards Institute) (ETSI, 2011) and manages the
vehicle sensor data and the map data together effectively. It is defined as a
conceptual data store that is embedded in an ITS station and which contains
topographical, positional, and status information related to ITS stations
within a geographic area surrounding the host station.
Each application or service in the C-ITS uses different LDM
information for its logic (Koenders, et al., 2014). Additional data can be
added to the LDM if required. Deploying LDM implementations to the
database management systems is not an effective method since the
response time of the database becomes higher as the number of vehicles
grows (Shimada, et al., 2015). The sizes of the map data and the dynamic
data are important as well as the response time. Consequently collecting,
storing, and managing the vehicle and traffic-related data require emerging
techniques.
The information about real-world and conceptual objects that have an
influence on the traffic flow is stored in the LDM. ITS station is defined as
a functional entity specified by the reference architecture. In ITS station,
the collected data and other traffic-related information are converted into
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useful knowledge. LDM can be used in converting and processing phases
and storing phase. In LDM implementation context, the data that describe
the real-world objects can be categorized into four different types in terms
of their dynamic attributes as follows: (1) first type is permanent static data
and is not stored in LDM; (2) second type is transient static data, such as
changed static speed limits; (3) the third type is transient dynamic data,
such as weather or traffic information; (4) the fourth type is highly dynamic
data, such as moving objects (ETSI, 2011). The proposed method in this
paper differs from the existing methods since it was supported by LDM
infrastructure. The LDM infrastructure provides an efficient way to
integrate the map data with the vehicle data. Furthermore, it also provides
an efficient way to manage the map data by categorizing them into several
dynamic layers.
2.3. Pilot area and data used in implementation
The pilot areas include Kagithane / Istanbul and Sakarya in Turkey. The
presented work in this paper is focused on Kagithane / Istanbul pilot region.
Kagithane pilot region consists of 19 districts and 6296 road line segments.
Other static map data were eliminated in order to reduce static map data
size. Intersection points are detected during the map data is being imported.
Detection of the intersection points is an iterative, and 3-dimensional
process. In the first step, the points are detected by implementing geometry
formulas and rules. Two road line segments may not intersect, although
they are on the X-Y axes due to their Z values. In the next step, the
intersected points which consist of two road segments are eliminated since
those points do not cause a dangerous situation. Intersection points are
labeled as usual intersection points and emergency intersection points. This
labeling process is done by an operator. When the vehicles are approaching
the dangerous intersections, an alarm is produced and is transmitted to the
fourth layer of the LDM structure. In the first iteration, 8818 points were
detected. After implementing the second iteration rules, 3782 points
remained. 14 points of the remained points were labeled as emergency
points.
Finally, the required data in the use case have been classified based on
the LDM structure as shown in Table-2. Data processing phases are shown
in Figure-3.
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Figure 3 (1) static map data; (2) calculated intersection points; (3) emergency points;
(4) alarm points

LDM Structure
(1) permanent
static data
(2) transient static
data
(3) transient
dynamic data
(4) highly
dynamic data

Data
polylines:
districts; lines: roads
roadside
infrastructure: usual
intersection points
emergency
intersection points
vehicles, alarms,
speed

Explanation
traditional static
geographical data
calculated during
data import
labeled by an
operator
generated and
stored during
application execution

Table 2 Classification of the Required Data

It is not possible to store data on the second, third, and fourth layers on
the static geographical data layer. These data have quite different attributes
in comparison with traditional geographical data. The term ‘traditional
geographical data’ means standard content elements in the map database.
Intersection data on the second layer are calculated during the data
importing phase since the intersection points are not included in traditional
geographical data. Emergency intersection points are labeled after the
intersection detection phase is completed. An emergency situation is
decided by considering the statistical data of the related regions and
intersections. This operation is done by an operator using statistics or
reports that are published by the governments. Vehicle data are highly
dynamic data since the location of the vehicles is always changing. When
the vehicles are approaching the emergency points, the application creates
an alarm related to that point. The data on the second, third, and fourth
layers are temporary and dynamic data.
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Figure 4 Pilot Area Data - 4 Layers in Local Dynamic Map Structure

3. Use case
The approach presented in this paper has been implemented in a real
environment. The environment contains two vehicles that are approaching
the same emergency point. The region which is shown in Figure-5 contains
10 intersection points and one of these points was labeled as an emergency
point by the operator.
Vehicle-1 and vehicle-2 are approaching to the emergency intersection
point A. If the traffic control center decides to warn drivers who are
approaching the intersection points which are not labeled as an emergency,
it is possible to reduce the alarm level of the system to consider intersection
points. In this use-case, if only one vehicle is approaching to the point A,
the system also warns the driver. But the two vehicles are approaching to
the point A, the system creates an alarm object, and warns drivers with
high importance. The warning is done by displaying the estimated time of
arrival to point A. In this case, based on the speeds of these two vehicles,
it is certain that those vehicles will crash into each other.
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Figure 5 Use Case Region

3.1. Stopping distance factor
Stopping distances include both thinking distance and braking distance.
Thinking distance is the distance traveled while the driver notices a hazard
or received an alarm and applies the brakes. Braking distance is the
distance while the vehicle comes to a full stop from its initial speed. Most
of the governments provide estimations of stopping distances for cars.
Stopping distance depends on the driver's attention, the road surface, the
weather conditions, and the vehicle's condition. Typical stopping distances
are given in Table-3 (https://www.rac.co.uk).
Speed
(km/h)
32
48
64
80
96
112

Thinking
Distance (m)
6
9
12
15
18
21

Braking
Distance (m)
6
14
24
38
55
75

Total
Distance (m)
12
23
36
53
73
96

Table 3 Typical Stopping Distances

Table -3 shows that the drivers should be warned depending on the
speed of the vehicle. For example, if the speed is higher than 96km/h, the
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alarm messages should be delivered to the driver when the distance to the
intersection point is approximately 73m.
3.2. Scenario implementation
According to the scenario, the speed of the vehicle-1 is 85km/h, and the
speed of the vehicle-2 is 92km/h. These two vehicles meet at point A in
15s. The total stopping distance for these vehicles is approximately 55m.
At T1, the distance to point A of the vehicle-1 is 355km/h, and the vehicle2 is 385km/h.
This broadcasting range (approximately 500m) forms an interest region
for each vehicle. When the vehicles come in the range of each other, they
receive the messages including road number and speed of the vehicle. The
messages are broadcasted to all the vehicles in the range. After receiving a
message from the other vehicle, the system calculates the distance between
the intersection point and the vehicle and sends it to the other vehicle
approaching the intersection. Both of the vehicles match the received data
with their own data, if they contain the same intersection point, then the
drivers have to speed up the vehicle, or stop the vehicle to avoid a possible
accident. If the intersection points are not identical with their own data then
the driver should ignore the received message.
A second point is that, not only the identical intersection point is
important, but also the required distance to stop is. The current distance to
the intersection point is higher than the required distance to stop at T1. As
the distance to the intersection point is decreasing, the level of the alarm of
the system is increasing. The critical region for these vehicles is a circle
with a radius of 60m. While the vehicles are approaching the critical
region, the drivers are warned. T2 represents the alarm case of the system.

Figure 6 T1: initial status; T2: alarm case

Figure 7 shows the flow diagram of the algorithm.
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Vehicle - 1

Read Information from RSU
Location
Speed
Run the Collision Algorithm

Read Information from
CANBus

of Vehicle - 2

Location
Speed
of Vehicle - 1

Calculate the Direct Distance
Between the Vehicles
Threshold
for
Collision
Warning

Check the
Threshold

Keep
Listening

Emergency
Warning

Figure 7 Flow Diagram of the Algorithm

4. Results and discussion
The proposed system has been implemented in both testing
environments and a real traffic environment. The real traffic environment
covers Cendere Street which is filled with vehicles during peak hours. The
average size of the data packets is 100 byte. The data packets are sent every
100ms. The sensing range in the testing area is between 500m ~ 1000m
and it highly depends on the current weather conditions. The average
sensing range was 500m and no packets were dropped.
The size of the map data should be reduced since the internal disk
capacity of the onboard unit is highly limited. The static map data size of
the pilot area 3,96MB. If this value is generalized, the data size for the
whole of Istanbul is expected approximately 319MB, and the data size for
the whole of Turkey is expected at approximately 25902MB. On the other
hand, in this work, the vehicle received the neighbor map data. The static
map data are being updated as the vehicle is moving. The static map data
size in the onboard unit is 3~5MB.
The collision scenario begins immediately when a vehicle comes in the
range of the other vehicle. This vehicle receives a packet (which contains
a warning) from the other vehicle. The collision algorithm evaluates this
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alarm and calculates the possibility of a collision. The collision algorithm
depends on the intersection points and the speed of the vehicles. The total
running time for the collision algorithm is approximately 10ms. The
algorithm does not calculate the collision intersection points on the
following road. The intersection points are received from the local dynamic
map layer which provides a time benefit.
5. Conclusion and future work
This method provides a pre-crash warning message to both vehicles.
The method considers both the intersection points, the speed of the
vehicles, and the required time to stop. These considerations reduce the
number of false alarms. Thanks to local dynamic map structure, continuous
calculations are avoided and the emergency points are received from the
environment as the vehicle is moving.
There are still some challenges existing in the collision scenarios, which
can be implemented in future work. One of the challenges is that stopping
distances are generic and may be influenced by a number of drivers,
vehicle, and environmental factors. The driver factors are attention,
fatigue, impairment due to alcohol and drug, vision issues, driver age and
experience, and hazard perception ability. The vehicle factors are vehicle
age, type and condition of brakes, type and condition of tires, safety
features fitted to the vehicle (such as ABS, ECS), vehicle weight, and
towing a trailer or carrying a heavy load. The environmental factors are
road surface, road gradient, road alignment, and weather conditions
(https://www.qld.gov.au). In order to produce an overall safety, the
proposed method should be supported by road user behavior, vehicle
design, road infrastructure, road surface attributes, and the current weather
conditions holistically.
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CHAPTER VI
INVESTIGATION OF MECHANICAL PROPERTIES OF
WELDING OF POLYPROPYLNE MATERIAL OF JOINED BY
FRICTION STIR WELDING
İhsan Küçükrendeci

Introduction
The solid similar and dissimilar metals is joined with friction stir welding
(FSW). Method of FSW is based on frictional heat generated between the
tool and the work piece. FSW is used for joining soft metals. In today,
plastics can be joined with FSW. The basic advantages of FSW are good
mechanical properties, less residual stresses and convenient of automation
in region of joining. Thick of plates can also be welded with FSW, the
good welding seams can be produced with FSW.
In recent years are studied on process of joining with FSW method of
polymer materials. With the help of a robotic system, acrylonitrile
butadienestyrene (ABS) plates were welded and was tested process of
friction stir welding (Mendes et al., 2014: 37-46). In joining of
thermoplastics was studied welding optimization of friction stir welding
(Paoletti et al., 2015: 562-567). The applicability of friction stir welding
was investigated in polymeric materials (Kiss & Czigány, 2007:15-18).
The effects of welding parameters on joint strength were investigated in
process of friction stir spot welding of polypropylene (Arıcı & Mert, 2008:
2001-2004). The shoulder design was developed to joining of dissimilar
polymers with FSW (Eslami et al., 2015: 5-23). The influences of
rotational speed, traverse speed and geometry of tool was investigated on
the quality and creep properties of polyethylene welds (Hoseinlaghab et
al., 2015: 369-378). The material flow and thermo-mechanical conditions
was studied during of friction stir welding of polymers (Simoes &
Rodrigues, 2014: 344-351). The welding parameters was investigated in
friction stir spot welding of dissimilar polymers (Dashatan et al.,
2013:135-141).
In this study is investigated mechanical properties of welding of
polypropylene material joined by FSW. At the same time has been studied
welding parameters and selection of tool geometry. The determine of
welding parameters were studied for polypropylene material. The effect of
parameters of rotation speed and welding speed were analyzed using the
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Taguchi method and ANOVA analysis. Analysis were performed to
experimental and analytical results.
1. Materials and Methods
Polypropylene is a polymer and it is used in industry of automobile,
aerospace and ventilation. Especially polypropylenes plates are used as
materials of air ducts for ventilation of environments of acidic and
chemical solvents. The welding process of polypropylene is easy and
mechanical properties of process can be good.
In this study, polypropylene (PPs) material was used in size of 200x100x5
mm. In process of welding was used the universal milling machine. Table
size of machine is 1000 x 230 mm, rotation speed is range of 540 to1400
rpm and welding speed is range of 11.2 to 22.4 mm/min. Figure.1 shows
the experimental system of the universal milling machine. Material
properties of PPs gives in Table 1.
Table 1. Material Properties of PPs
Metarial

Density
g/cm3

Yield Stress
N/mm2

Tensile Modulus
of Elasticity
N/mm2
Polypropylene (PPs)
0.950
32
1600
Reference: (www.simona.de/produkte/produktprogramm)

Figure 1. The Universal Milling Machine
In process of FSW, two types of tool profiles were used. These profiles
are cylindrical and conical. In cylindrical pin tool, shoulder diameter is
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20 mm, pin diameter is 5 mm and height is 4 mm. In conical pin tool,
shoulder diameter is 20 mm, pin diameters are 3-4 mm and height is 4 mm.
The material of tools is 4140 steel. The Figure 2 shows the cylindrical and
conical tool profiles and Table 2 gives dimesions of tools.

Figure 2. Cylindrical and Conical Tool Profile
Table 2. Dimensions of Tool
Pin Profile
Cylindrical
Conical

Pin Height,
mm
4
4

Pin Diameter,
mm
5
3-4

Shoulder
Diameter, mm
20
20

The parameters of FSW affect to welding characteristics. Rotation speed
and welding speed is effective on the quality of FSW joints. Three
different parameters are taken into account in this study. Figure 3 shows
welding of polypropylene with friction stir welding. The shape of tool is
important for mixing-shearing during FSW. The grooves of tool is
required for welding. This requirement provides increase of heat on the
friction surface. In this process constant volume can be produced with ribs
or grooves on the surfaceof pin and the flow conditions of region of
welding is adjusted. The flow conditions influences significantly on quality
of welded joint. The molten material is controlled by rotation speed
adjustment. The plates of polypropylene are welded with the help of proper
clamp. The rotation speed was selected between 540-1400 rpm and the
welding speed was selected between 11.2-22.4 mm/min.
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Figure 3. Welding of Polypropylene with FSW
Test specimen dimensions are seen in Figure.4. Original test specimen
results are given in Table 3. Figure 5 shows the samples of joined with
cylindrical tip and Figure 6 shows the samples of joined with conical tip.
The specimen before tensile test are seen in Figure 5(a) and Figure 6(a). In
Figure 5(b) and Figure 6(b) are seen the welded polypropylene specimen
after tensile test. Tensile strength tests was maded in ASAŞ Company
(Aluminum manufacturer / Turkey) test lab.

Figure 4. Test Specimen Dimensions (mm)
Table 3. Original Test Specimen Results
(Rp; yield stress, Rm; tensile strength, A %; total elongation at failure)
b0
mm

T
mm

L0,
mm

12.5

5

50

EMod.
kN/mm2

Rp 0.2
N/mm²

1.26

24
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Rm
N/mm²
36

A%

Fm, N

-

2246

(a)

(b)

Figure 5. (a) Before Tensile Test, (b) After Tensile Test
(Cylindrical Tool)

(a)

(b)

Figure 6. (a) Before Tensile Test, (b) After Tensile Test
(Conical Tool)
2. Optimum Design via Experimental Design
In literature, various experimental design methods are for examining the
effects of parameters on results. However, methods of full factorial
experimental design for example, the number of trials to be both too
complex and is not easy to use. Feature factor and level increases are more
difficult to apply this design method. For these reasons, thanks to the
special design of the orthogonal array, Taguchi method covering the entire
solution space is used in a wide area. Dr. Taguchi has developed a method
based on "orthogonal array " experiments which gives much reduced
"variance" for the experiment with "optimum settings" of control
parameters. "Orthogonal Arrays" (OA) provide a set of well balanced
(minimum) experiments. Dr. Taguchi's Signal-to-Noise ratios (S/N), which
are log functions of desired output, serve as objective functions for
optimization, help in data analysis and prediction of optimum results
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(Gökçe & Taşgetiren, 2009). Taguchi design method can offer a simple
and effective method for optimizing the FSW welding parameters. Thanks
to this method can be found with the help of statistical calculations which
parameters level which is more effective.
2.1. Experimental Design with Taguchi Design for Maximum Tensile
Strength
Taguchi method uses the signal to noise (S/N) ratio (Gökçe & Taşgetiren,
2009: 71-83). Taguchi design method is simple and effective. The S/N ratio
is the ratio of mean to the square deviation (SD). Taguchi uses S/N ratio to
measure the quality characteristic deviating from the desired value. The
S/N ratio is defined as;
S/N=−10log (MSD)

(1)

where MSD, is the mean square deviation for the output charectersitic.
Taguchi proposed three MSD equation depending on the desirability on the
results (Table 4),
Table 4. MSD Quality Equatiıons
Quality Characteristic

MSD

The Lowest, The Best

The Nominal, The Best

The Biggest, The Best
Reference: (Gökçe & Taşgetiren, 2009: 79)
where n is the number of tests and yi is the value of tensile strenght of the
i th test.
In this study, 2 control factors (rotation speed and welding speed) and 3
levels of each factor were determined. L9 orthogonal sequence was
selected according to this control data. Normally 4 control factor can be
using in L9 ortoganal sequences. In study are only two factors and will be
used the first two rows of the orthogonal sequence (Table 5).
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Table 5. Experimental Data for Cylindrical and Conical Tools
Rotation Speed
rpm
560
560
560
900
900
900
1400
1400
1400

Welding Speed
mm/min
11.2
16
22.4
11.2
16
22.4
11.2
16
22.4

The Number Of
Specimens
3
3
3
3
3
3
3
3
3

3. Results and Discussion
The optimization of process parameters of FSW is a very complicated
task. Diverse experimentation were conducted to obtain proper rotation
speed and welding speed for the different pin profile. Cylindrical and
conical tools were selected for experiments. Figure 7 showed
polypropylene specimen welded with cylindrical tool. In Figure 7, welding
seam shape is seems positive. A pealing like structure formed during the
weld, this image was formed from because the tool eliminates the excess
material after joining. Figure 7 seems to the welded material with very little
peel. The material was overflowed from the the border of shoulders. This
shows the suitability of the applied welding method for polypropylene
material in terms of process.

Figure. 7 Welded Polypropylene Specimen
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3.1. Result of Optimum Configuration with Taguchi Design for
Tensile Strenght
In this study, the tensile strenght for each test and calculated S/N ratio
for each friction welding sample are shown Table 6. Similarly S/N for each
level of the parameter is listed in Table 7. The higher S/N ratio is desirable.
Therefore specified the best levels of the parameters are shown in Table 8.
Table 6. Tensile Strenght Test Data and S/N Ratios
Tool
Type
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Conical
Conical
Conical
Conical
Conical
Conical
Conical
Conical
Conical

Rotation
Speed
rpm
560
560
560
900
900
900
1400
1400
1400
560
560
560
900
900
900
1400
1400
1400

Welding
Speed
mm/min
11.2
16
22.4
11.2
16
22.4
11.2
16
22.4
11.2
16
22.4
11.2
16
22.4
11.2
16
22.4

TEST 1
N/mm2

TEST 2
N/mm2

TEST 3
N/mm2

S/N

9
8
6
23
21
8
23
22
19
7
6
15
5
4
14
5
5
12

6
9
6
22
20
8
16
12
9
8
5
15
6
3
11
6
4
12

8
7
6
22
20
6
23
10
7
8
6
12
6
3
8
5
5
12

17.3
17.9
15.6
27.0
26.2
17.1
25.9
21.9
19.1
17.6
15.0
22.8
15.0
10.2
20.1
14.4
13.2
21.6
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Table 7. S/N Ratios of The Each Level of Parameters for Tensile
Strenght
Level
1
2
3
DELTA
RANK

Cylindrical Tool
Rotation
Welding
Speed
Speed
16.93
23.40
23.40
21.99
22.31
17.25
6.46
6.15
1
2

Conical Tool
Rotation
Welding
Speed
Speed
18.46
15.68
15.11
12.81
16.42
21.50
3.35
8.69
2
1

Tablo 8. Specified Optimum Levels of The Parameters for
Tensile Strenght
Parameter

Rotation
Speed
Welding
Speed

Cylindrical tool
Optpimum Optimum
Level
Value

Conical tool
Optpimum
Optimum
Level
Value

2

900 rpm

1

560 rpm

1

11.2
mm/min

3

22.4
mm/min

According to the test results in Table 6, the best approach based on the
large S/ N value is calculated. The values obtained by calculation according
to Taguchi method are given in Table 7. In combination of cylindrical pin
highest stress values are seen in rotation speed 2 parameter and welding
speed 1 parameter. Likewise for combination of conical pin are seen in
rotation speed 1 parameter and welding speed 3 parameter. Optimum
rotation speed and welding speed for cylindrical and conical pin according
to these calculations are summarized in Table 8.
3.2. Result of Optimum Configuration with Taguchi Design for
Elengation
The values of S/N is calculated for the elongation values of the material
and these values are given in Table 9. S/N for each level of parameters is
calculated and this parameters listed in Table 10. The optimal levels of
parameters are shown in Table 11.
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Tablo 9. Elongation Test Data and S/N Ratios
Tool
Type

Rotation
speed
(rpm)

Welding
Speed
mm/min

Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Cylind.
Conical
Conical
Conical
Conical
Conical
Conical
Conical
Conical
Conical

560
560
560
900
900
900
1400
1400
1400
560
560
560
900
900
900
1400
1400
1400

11.2
16
22.4
11.2
16
22.4
11.2
16
22.4
11.2
16
22.4
11.2
16
22.4
11.2
16
22.4

Table 10.
Elongation

TEST
1
Elong.
1.4
2
0.5
5
3
2
4
2
2.5
1.31
1.2
1.8
1.1
1.2
3
0.8
0.8
4.5

TEST
2
Elong.

TEST 3
Elong.

S/N


1.6
1
0.5
4
3
1
5
1
2
1.3
1.8
3
1.2
1.6
2.5
1
1.2
3.1

1.4
2
0.5
4
3
1
3
4
2.3
1.3
1.5
1.8
1.6
1.2
0.6
1
1
5.5

3.28
3.01
-6.02
12.60
9.54
1.25
11.47
3.59
7.00
2.28
3.16
6.15
1.96
2.27
-0.07
-0.75
-0.36
12.06

S/N Ratios of The Each Level of Parameters
Cylindrical tool

Conical tool

Level

Rotation
Speed

Welding
Speed

Rotation
Speed

Welding
Speed

1

0.09

9.12

3.87

1.17

2

7.80

5.38

1.39

1.69

3

7.35

0.74

3.65

6.05

DELTA

7.71

8.37

2.48

4.88

RANK

2

1

2

1
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Table 11. Specified Optimum Levels of The Parameters for Elongation
Parameter
Rotation
Speed
Welding
Speed

Cylindrical Tool
Optimum Optimum
Level
Value
2
900 rpm
1

11.2
mm/min

Conical Tool
Optimum Optimum
Level
Value
1
560 rpm
3

22.4
mm/min

The calculated S/N values for elongation is seem Table 9. S/N ratios of
the each level of parameters for elongation is given in Table 10. These
values was obtained by the calculation method defined in the Taguchi
method. In these calculations, highest elongation values for combination
of cylindrical pim are seem in rotation speed 2 parameter and welding
speed 1 parameter. Likewise for combination of conical pin are seen in
rotation speed 1 parameter and welding speed 3 parameter. The levels of
the parameters for elongation is calculated and calculated optimum values
are given in Table 11.
Conclusions
The goal of the Taguchi design is to reduced variance of test results. The
parameters that affect perfonmance can be determined by “Analysis of
Variance” (ANOVA). The anova is the statistical tool and primary
objective is to extract from the results the degree of variation caused by
each factor relative to the total variation in evidence. Results of the
ANOVA analysis are shown in Table 12-13 for tensile strengh and Table
14-15 for elongation.
According to Tables 12 and 13 data, in the evaluation of stress has been
calculated that rotation speed (about 45%) is more effective than welding
speed in the FSW process with cylindrical tool. In process of conical tool,
welding speed can be effective as 90%.
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Table 12. The Variance Analysis of Tensile Strenght (Cylindrical Tool)
SOURCE

DOF

SS

MS

F ratio

Contr %

Rotation

2

153.85

76.93

4.90

45.16%

2

124.07

62.04

3.96

36.42%

ERR

4

62.74

15.69

-

18.42%

TOTAL

8

340.67

-

-

100.00%

Speed
Welding
Speed

Table 13. The Variance Analysis of Tensile Strenght (Conical Tool)
SOURCE
Rotation

DOF

SS

MS

F ratio

Contr %

2

9.58

4.79

18.92

8.61%

2

100.65

50.32

198.79

90.48%

ERR

4

1.01

0.25

-

0.91%

TOTAL

8

111.24

-

-

100.00%

Speed
Welding
Speed

Effect of rotation speed and welding speed on elongation are investigated
in Table 14 and 15. In process of cylindrical tool, value of rotation speed
and value of welding speed it is seen to be very near. In process of conical
tool, welding speed can be more effective a rate of 60% on elongation.

87

Tablo 14. The Variance Analysis of Elongation (Cylindrical Tool)
SOURCE

DOF

SS

MS

F ratio

Contr %

Rotation

2

5.56

2.78

6.14

43.47%

2

5.42

2.71

5.98

42.37%

ERR

4

1.81

0.45

-

14.16%

TOTAL

8

12.78

-

-

100.00%

Speed
Welding
Speed

Tablo 15. The Variance Analysis of Elongation (Conical Tool)
SOURCE

DOF

SS

MS

F ratio

Contr %

Rotation
Speed

2

0.50

0.25

0.32

5.52%

Welding

2

5.39

2.69

3.46

59.89%

ERR

4

3.11

0.78

-

34.59%

TOTAL

8

9.00

-

-

100.00%

Speed

Polypropylene (PPs) material was joined with the FSW and the effect of
parameters of rotation speed and welding speed were evaluated using the
Taguchi method and ANOVA analysis. The following experimental and
analytical results were obtained.




In tests of evaluated of tensile strenght, 900 rpm rotation speed and
11,2 mm/min welding speed for cylindrical pin was calculated the
highest value. 560 rpm rotation speed and 22,4 mm/min welding
speed for conical pin was calculated the highest value.
In tests of evaluated of elongation, 900 rpm rotation speed and 11,2
mm/min welding speed for cylindrical pin was calculated the
88




highest value. 560 rpm rotation speed and 22,4 mm/min welding
speed for conical pin was calculated the highest value.
Tests was made for only two parameter dependent. In 9 units test,
all combinations were performed.The analysis results was verified
the maximum values obtained from each both analysis.
Here can said that welding speed is a more effective parameter
than rotation speed in FSW process with conical pin.
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CHAPTER VII
FLOW CHARACTERISTICS OF ELDIVAN - ÇANKIRI
(TURKEY) BENTONITES COMPARED TO WYOMING (USA) IN
DRILLING MUDS: AN EXPERIMENTAL APPROACH
Yasin Erdoğan* & Onur Eser Kök**
1. Introduction
Water based suspensions are among the first drilling fluids. So, they are
important for drilling operations (oil, gas and geothermal). They ensure
various features such as transporting cuttings to surface, lubricating the
drill bit and drill string, applying hydrostatic pressure in the well bore for
balance the formation pressure and minimizing fluid loss across permeable
formations (Erdoğan et al., 2018; Mahto&Sharma, 2008; Kok, 2004;
Abdou&Ahmed, 2011; Brindley&Brown, 1980; Bergaya et. al., 2006;
Erdoğan&Kök,
2017;
Erdoğan;
Bergaya&Lagaly,
2000;
Caenn&Chillingar, 1996; Tsiantos et al., 2018; Chillingar&Vorabutr,
1983; Suzuki et al., 2008; Erdoğan&Kök, 2019; Tolğay et al., 2004).
According to the mud type, additive materials to be used are
determined, Because of its high yield, hydration and viscosity properties,
Bentonite, defined as type of a clay containing high-rate montmorillonite
mineral, is used mainly as a bridge material. A good quality bentonite
should contain mainly montmorillonite. Bentonites are used as drilling
fluid additives. Main functions of these are to improve the viscosity of the
mud and reduce the fluid loss into the formation (Aydin et al., 2019;
Karagüzel et al., 2010; Knox&Jianny, 2005; Kök, 2017; Erdoğan et al.,
2018; Kök et al. 2018; Yaşar&Erdoğan, 2001; Erdoğan, 2016).
Bentonite occurs volcanic ash with abrasion. The abrasion process
takes a long time. The main factors are topography and exposure time and
climate (Lyens&Plisga, 2004; Meng et al., 2012; Erdoğan&Kök, 2019).
There are many bentonite deposits in the world. The quality of these
deposits varies according to their content. The world has nearly 19,000
million tonnes of raw bentonite reserves. The United States holds the
largest with 3,700 million tonnes in the reserves ranking. Turkey has 3,100
million tonnes of bentonite and third in the ranking in 2017 (Obut&Girgin,
2015). The best quality reserves in the U.S.A. are located in Wyoming, and
in Turkey, they are located Eldivan-Çankırı (Afolabi et al., 2017;
*

(Assoc. Prof. Dr.) MTA International Mining Company, Turkey.
E-Mail: yasin.erdogan@mtaic.gov.tr
** (Research Assistant) Iskenderun Technical University, Department of Petroleum and
Natural Gas Eng., Turkey.
E-Mail: oeser.kok@iste.edu.tr
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Türkmenoğlu&Aker, 1990; USGS, 2018; Vryzas et al., 2017;
Yıldız&Kuşçu, 2004; Aydın et al. 2019).
In this study, in order to investigate rheological and filtration properties,
samples were prepared with different concentrations (1,2,3,4,5,6wt.%) and
in room-temperature. Initially, spud mud with added Wyoming bentonite
was prepared according to API spec. 13A standard (API, 2010). In the
second stage, similar samples were prepared with Eldivan-Çankırı
bentonite. Finally, features of all samples were measured with Viscometer
and Filtration Test Kit according to API RP 13B-1 (API, 2003). Apparent
viscosity (AV), plastic viscosity (PV), yield point (YP), 10 seconds and 10
minutes gel strengths were measured with viscometer. The Filtration
analysis was done with API Filtration Test Kit.
2. Experimental Details
Wyoming bentonite was supplied from Baroid, Halliburton. The
particle size is lower than 75µ and sodium type. X-Ray Fluoresence and
Diffraction analyses of Wyoming bentonite are shown in Table 1 and
Figure 1.
Table 1. XRF Analysis of Wyoming Bentonite
Oxides SiO2 Al2O3 Fe2O3 Na2O MgO CaO K2O TiO2
65.3 20.3
5.75
2.38
2.24
1.3 0.66 0.23
%

Fig. 1. XRD Pattern of Wyoming Bentonite (Vryzas et al., 2017)
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Eldivan-Çankırı bentonite was supplied from Çanbensan. The particle
size is lower than 75µ and sodium type. X-Ray Fluoresence and Diffraction
analyses of it are shown in Table 2 and Figure 2.
Table 2. XRF Analysis of Eldivan-Çankırı Bentonite
Oxides SiO2 Al2O3 Fe2O3 Na2O MgO CaO K2O TiO2
58.89 12.92 6.63
2.7
3.74 3.82 1.04 0.92
%

Fig. 2. XRD Pattern of Eldivan-Çankırı Bentonite (Karagüzel et al., 2010)
The experiments were divided into three parts, as shown in Table 3. In
the first part, an evaluation of Wyoming bentonite was made at the
concentration of 1,2,3,4,5 and 6wt%. Samples were coded from W1 to W6.
Based composition is 6wt% (22,5gr/350mL deionized water) according to
API. In the second part evaluates Eldivan-Çankırı bentonite at the
concentration of 1,2,3,4,5 and 6 %wt. Samples were coded from E1 to E6.
Based composition is as same with previous sample. In the final, called
as the third part, all conclusions were investigated and compared. All
samples (Wyoming and Eldivan-Çankırı) are shown in Figure 3.

Parts
First
Second
Third

Table 3. The Flow Scheme of the Experimental Works
Process
Wyoming Bentonite Samples were prepared
Eldivan-Çankırı Bentonite Samples were prepared
All samples were investigated and compared
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Fig. 3. Samples Prepared for Experiments
After the samples were prepared, the rheological and filtration analyses
were done. The rheological properties of each sample were measured using
viscometer (Model 900) and the AV, PV, YP and gel strengths were
measured according to API RP 13B-1. The filtration test was done using a
filtration device (API Filter press) according to the same standards. To
obtain results with better accuracy, each experiment was repeated three
times and then the average results were calculated.
3. Results and Discussion
Results from flow scheme experiments are presented in two sections.
The first section includes results from experiments with the rheological
properties and the next section includes results from experiments with the
filtration. All samples were repeated three times and then the average
results were calculated. All results are shown in Table 4.
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Table 4. The Rheological Properties Results of Samples

Samples
W1
W2
W3
W4
W5
W6
E1
E2
E3
E4
E5
E6

10 sec. gel 10 min. gel
strength
strength
(lb/100ft2) (lb/100ft2)
1
1,5
4
4
8
8
14
15
24
22
33
34
1
1
1
1
2
2
5
6
10
13
13
18

AV PV
YP
(cP) (cP) (lb/100ft2)
3,5
10
18,5
30,5
51,5
56
2
2,5
3,5
4,5
7,25
9,5

3
7
8
7
13
13
1
2
2,5
3
4,5
4

1
6
21
47
77
86
2
1
2
3
5,5
11

Filtration
(cc)
38
34
30
24
18
16
33
30
28
26
24
21

3.1. Rheological Analysis Results
In this section, rheological analyses such as AV, PV, YP, 10sec. gel
strength and 10 min. Gel strength were evaluated.

cP

3.1.1. Apparent Viscosity (AV)
Analyses results applied with viscometer are shown in Figure 4.
60
55
50
45
40
35
30
25
20
15
10
5
0

W
E

1

2

3

4

5

6

wt%

Fig. 4. Graphic of AV Results of Samples
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According to graphic, the smallest different result was measured
between W1 and E1 (1wt%). The biggest different result was measured
between W6 and E6 (6wt%). The results in the graphic indicated that
Wyoming bentonite provides much better AV properties than EldivanÇankırı bentonite because of the results of samples prepared using
Wyoming bentonite were measured five times higher on average.
3.1.2. Plastic Viscosity (PV)
Analysis results measured with viscometer are shown in Figure 5.
14

W
E

12
10

cP

8
6
4
2
0
1

2

3

4

5

6

wt%

Fig. 5. Graphic of PV Results of Samples
As seen in the graphic, the smallest different result was measured
between W1 and E1 (1wt%). The biggest different result was measured
between W6 and E6 (6wt%). The results in the graphic showed that
Wyoming bentonite provides much better PV properties than EldivanÇankırı bentonite because of the results of samples prepared using
Wyoming bentonite were measured three times higher on average.
3.1.3. Yield Point (YP)
Analysis results applied with viscometer are shown in Figure 6. When
the graphic was examined, Eldivan bentonite showed a higher result than
Wyoming bentonite in the 1wt% composition. Among the remaining
samples, the smallest different result was measured between W2 and E2
(2wt%). The biggest different result was measured between W6 and E6
(6wt%). According the results, it was determined that Wyoming bentonite
provides much better YP properties than Eldivan-Çankırı bentonite
because of the results of samples prepared using Wyoming bentonite were
measured nine times higher on average.
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Fig. 6. Graphic of YP Results of Samples
3.1.4. 10 sec. Gel Strength
Analysis results measured with viscometer are shown in Figure 7.
According to graphic, Eldivan bentonite showed the same result as
Wyoming bentonite at the 1wt% concentration. Among the remaining
samples, the smallest different result was measured between W2 and E2
(2wt%). The biggest different result was measured between W6 with E6 (6
wt%). According the results, it was determined that Wyoming bentonite
provides much better gel strength (10 sec.) properties than Eldivan-Çankırı
bentonite because of the results of samples prepared using Wyoming
bentonite were measured three times higher on average.
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Fig. 7. Graphic of 10 sec. Gel Strength Results of Samples
3.1.5. 10 min. Gel Strength
Analysis results measured with viscometer are shown in Figure 8.
According to graphic, the smallest different result was measured between
W1 and E1 (1 wt%). The biggest different result was measured between
W6 and E6 (1wt%). Also, the same results were measured between W4
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with E4 (4wt%) and W5 with E5 (5 wt%). The results in the table showed
that Wyoming bentonite provides much better gel strength (10 min.)
properties than Eldivan-Çankırı bentonite because of the results of samples
prepared using Wyoming bentonite were measured two and a half times
higher on average.
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Fig.8. Graphic of 10 min. Gel Strength Results of Samples
3.2. Filtration Analysis Results
In this section, filtration analyses measured with API filtration test kit
were evaluated. Results are shown in Figure 9. According to results, when
the concentration was 3% or less, Eldivan-Çankırı bentonite showed better
filtration properties. But, when the concentration was higher than %3,
Wyoming bentonite showed better filtration properties.
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Fig. 9. Graphic of Filtration Results of Samples

98

4. Conclusion
In this study, in order to investigate rheological and filtration properties,
samples were prepared with different concentrations (1,2,3,4,5,6wt.%).
Initially, spud mud with added Wyoming bentonite was prepared. In the
second stage, similar samples were prepared with Eldivan-Çankırı
bentonite. Finally, features of all samples were measured with Viscometer
and Filtration Test Kit according to API RP 13B-1. Apparent viscosity
(AV), plastic viscosity (PV), yield point (YP), 10 seconds and 10 minutes
gel strengths were measured with viscometer. The Filtration analysis was
done with API Filtration Test Kit.
According to experiments, it was determined that Wyoming bentonite
better than Eldivan-Çankırı bentonite for all analysis. With the increase in
bentonite concentration, Wyoming bentonite showed better properties in
the same amount solutions.
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CHAPTER VIII
PROGNOSTICS BASED INVESTIGATION OF DOUBLE
FAILURE MODE IN TERMS OF MACHINE HEALTH
Salih Seckin Erol
1. INTRODUCTION
The condition of rotor unbalance is one of the reasons that carry out
high amplitude vibrations. That kind fault leads increase in the amount of
fundamental frequency harmonics; on the other hand, the cause of those
harmonics may be the indicator of another type faulty conditions as well
(Adams, 2001).
In order to reduce maintenance costs and increase health sustainability
of mechanical systems; condition monitoring based maintenance spread
among industrial areas with an increasing trend. Developments through
technologies brought advanced possibilities in evaluation and comparison
of data achieved in failure and non-failure conditions for machines. Many
physical features such as acoustics, temperature, oil condition, vibration
and electrical consumption are under monitoring in order to detect
mechanic faults (Velarde-Suarez et al., 2006).
In dynamic mechanical systems; even without any failure, vibrations
are normally present due to friction, environmental conditions, varying
thermal and load conditions. Normal and abnormal vibration trends should
be categorized properly in order to implement accurate consultations
(Adams, 2001).
Mostly, flexible couplings are popular among mechanical couplings in
order to combine driving and driven rotating members. High vibration may
arise due to misalignment of couplings which deteriorates the machine
structure (Alhussain, 2003).
The most basic diagnostic approach on failures in the time-domain is
RMS calculation. Effective power of the vibration signal is calculated as a
root mean square value and helps to detect failures. It is especially useful
in detecting unbalance on rotating systems (Lebold, 2000).
Hariharan and Srinivasan (2009), studied misalignment failure on an
experimental setup consisting of a shaft with bearings coupled with three
pin type flexible coupling in order to see the effect on the rotating
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machinery. The authors found that increase in the misalignment leads to
dominant frequency in the (2X) harmonic of the experimented rotation
frequencies at f: 8,33 Hz; f: 16,67 Hz; f: 25 Hz and f: 33,33 Hz.
Elbhbah and Sinba (2013), implemented experiments based on
misalignment of two shafts coupled to each other driven by an electric
motor in two different rotational frequencies and inspected with vibration
analysis. The authors found that vibration analysis give assistance about
results in detecting misalignment failure and bearing failure.
Patel and Darpe (2009) in their research, experimented two shafts with
four bearings coupled to each other with three pin type flexible coupling,
through three rotational speeds determined at electrical frequencies of f:
14,2 Hz; f: 16,534 Hz; f: 24,8 Hz and found that (3X) harmonic in the FFT
diagram is the dominant in misalignment failure.
Bachshimid (2002), studied detection of unbalance and moment effects
simultaneously by vibration analysis through bearings in their simulation
and real test research. According to the result, they found that both
simulation and real experimental researches are able to detect the
simultaneous effects.
Jose-Raul Ruiz-Sermiento et al. (2020), conducted a research work on
scheduling maintenance activities and sensor based data collection as using
Industry 4.0 approach in a predictive model.
Abdel Bayoumi and Rhea Matthews (2020), developed a predictive
maintenance model based on steps those exclusively include data gathered
from realistic physics oriented experiments.
Yihai He et al. (2017), researched for bringing a solution to multi-level
and multi-functional machinery in order to control the quality and risks
under intelligent predictive maintenance implementations.
Dongjin Lee and Rong Pan (2017), studied the effects of constant data
collection from machinery and inspection of the data in terms of predictive
maintenance with Markov and Bayesian models.
Kilian Hendricx (2020), studied fleet group of machinery predictibility
in future failures rather than focusing on a single machine. They made
experimental work on voltage unbalance by processing electrical and
vibration signals.
Feng Xiao et al. (2020), analyzed mechanical failures of wind turbines
with vibration analysis using spectral techniques. The declared that natural
frequencies of the complex systems should be assessed and system’s
rotational vibration frequencies should be chosen seperately in order to
prevent resonances.
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Lang Xu et al. made experiments on researching condition assessment
and predicting the remaining useful life of bearings by developing a new
model focusing on a hybrid model derivating from Power Spectrum
Density (PSD) estimations.
Double failure mode of unbalance condition with mechanical looseness
and misalignment failures are studied through various intensity levels in
this research study in a laboratory ambient with an advanced experimental
setup.
2.

MATERIALS AND METHODOLOGY

Experimental setup consists of an AC induction electric motor, two inlet
radial fan, five pin flexible coupling and an inverter. The experimental
setup was mounted on a steel plate and a rigid frame system stand which
is supported with plastic damping material between the experimental setup
and the stand, and also the plastic vacuum footings at base of the stand.
The experimental setup is blocked with plexiglass cabin for isolating and
protecting whole system synchronised with computerized measuring
system. It has data acquisition card with three accelerometers and
integrated with electrical consumption monitoring system. Vibration and
electrical measurement systems have relevant software for interpreting
acquised data.
Experiments were implemented with two different rotational speeds
and two different levels specified for each failure type. Vibration
measurements were taken within three directions as vertical, horizontal and
axial on the electrical motor by three accelerometers mounted on each
direction. Horizontal direction measurements were chosen for evaluation
of signals in misalignment with respect to the measurement results.
Measurements were done in synchronous time for both vibration signal
and electrical signal measurement system. For the vibration signal
analysis; every measurement data were taken from three directions as
vertical, horizontal and axial on the electric motor. In this paper, only
horizontal direction data have been presented. In electrical signal analysis;
a motor condition monitor device had learning phase at f: 50 Hz and had
improving phase in various frequencies.
Experimental plan:
Failures: (a) Unbalance (U)
(b) Mechanical Looseness (L)
(c) Horizontal Misalignment (M)
Experiments:
(a) Experiment 1 (U) : Unbalance (level I; level II)
(b) Experiment 2 (UL) : Unbalance (level II) + Mechanical
looseness (level I; level II)
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(c) Experiment 3 (UM) : Unbalance (level II) + Misalignment
(level I; level II)
In order to investigate mechanical looseness and misalignment
phenomena, various thickness steel shims are placed or removed under
front legs of the electric motor with respect to the experimental order; and
mass loaded on wings of the fan in order to build unbalance condition, as
follows:
Unbalance levels (loaded mass): 11,5 g (level I) ; 23 g (level II)
Misalignment levels (deviation): 0,2 mm (level I) ; 0,5 mm (level II)
Mechanical looseness levels (gap): 0,2 mm (level I) ; 0,5 mm (level II)
Rotational speeds (electrical frequencies): 1900 min-1 (f: 32,7 Hz) ; 2880
min-1 (f: 50 Hz)

Frequency calculation formulas used for ball bearing :
n

r

ωbpfo = ωs(2)[1-(d)cosɸ]
n
r
ωbpfi = ωs(2)[1+(d)cosɸ]

(1)
(2)

ωbsf = ωs(2r)[1-(dcosɸ)2]
ω
r
ωc = 2s [1-(d)cosɸ]
ωbpf = ωsnb

(3)
(4)
(5)

d

r

ωbpfo: Outer ring passing frequency (Hz), ωbpfi: Inner ring passing
frequency (Hz),
ωbsf: Ball spin frequency (Hz), ωc: Cage frequency (Hz), ωs: Shaft
frequency (Hz), ωbpf: Fan blade passing frequency (Hz),
n: Number of balls, r: Diameter of ball, ɸ: Angle of contact,
d: Diameter of division circle, nb: Number of fan blades = 10
2.1. Vibration data collection
This measurement is represented with time-domain and frequencydomain graphics. Resolution: 24 bit, Unit: m/s2 (acceleration); FFT
options: 1024 line (amplitude) resolution; window type: blackman;
sample rate: 2500/s
Frequencies those are (S)et with an frequency inverter and (D)etected
in practise of the experimented conditions given in Table 1.

105

Table 1: Set and detected frequencies; app. (f: frequency-Hz ;
h: harmonics-Hz)
(h)

1X

2X

3X

4X

5X

32,7 (S)

32,7

65,4

98,1

130,8

163,5

32,7 (D)

31,6

63,2

94,8

126,4

158

50 (S)

50

100

150

200

250

50 (D)

46,6

93,2

139,8

186,4

319

(f)

2.2. Waterfall FFT in three axis measurement of vibration
Horizontal sensor projection has been selected for reviewing
measurement of unbalance (1X) because vibration signals were more
distinguishable with respect to Figure 1.

a) Horizontal

b) Axial

c) Vertical
Figure 1: FFT waterfall diagram
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2.3. Electrical data collection
This measurement is based on standart deviations in electrical
consumption in current and voltage change and represented with the trend
graphics. Given trend graphics belong to the single mode of unbalance
failure and double mode of unbalance failures.
Current: Ampere (A); Voltage: Volt (V);
Experimented Frequencies: f: 32,7 Hz; f: 50 Hz
2.4. Experimental setup measuring components
Motor: 0,37 kW; 1,1 A; three-phase AC induction motor
Driven system: Two inlet centrifugal radial fan
Coupling: Cast iron flexible pin coupling with five pins
Electrical consumption monitor: A predictive diagnosis device designed
for induction motors. Device is communicating with a software that has
algorithm based on detection of deviations in electrical consumption
Data Acquisition Card (DAQ): For interpretation of vibration signals in
computer; data acquisition card has been chosen that is in process with an
advanced software
Sensors: Three ceramic shear accelerometers, 10-32 side connector
(±10%), 100 mV/g (10,2 mV/(m/s²))
Frequency Range: (±5%) 0,5 to 10000 Hz
Inverter: An electrical frequency converter
3. EXPERIMENTAL STUDY
Experimental findings are given in this section.
3.1. Experiment 1
Unbalance failure (U)
Frequencies - f: 32,7 Hz ; f: 50 Hz
Level I: loaded mass 11,5 g
Level II: loaded mass 23 g
3.1.1. Vibration signals in time-domain and frequency-domain
Time-domain and frequency-domain findings are given in Figure 2-5
for unbalance failure in level I and level II under the 32,7 Hz and 50 Hz
electrical frequencies set with inverter in order to determine rotation speeds
of the system.
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(a) f: 32,7 Hz Time-domain
(b) f: 32,7 Hz Frequency-domain
Figure 2: Unbalance failure (level I)

(a) f: 32,7 Hz Time-domain
(b) f: 32,7 Hz Frequency-domain
Figure 3: Unbalance failure (level II)

(a) f: 50 Hz Time-domain
(b) f: 50 Hz Frequency-domain
Figure 4: Unbalance failure (level I)

(a) f: 50 Hz Time-domain
b) f: 50 Hz Frequency-domain
Figure 5: Unbalance failure (level II)
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Time-domain visual inspection reflects the unbalance failure clearly as
periodic fluctuations in the amplitude of the vibration signals. Unbalance
failures in level I and level II are more alike each other with respect to the
frequency variation in the same level.
In the frequency-domain data visualisation; each experimented
unbalance failures are dominant on the (1X) harmonic of the specified
frequency which the common characteristic symptom of the unbalance
failure. The intensity of the (1X) harmonic amplitude and RMS value
increases with increase in the levels and frequencies within linear trend.
Because, increase in the amount of load consequence in higher oscillation
on rotating element that cause higher amplitude vibration on fundamental
rotation frequency.
3.1.2. Electrical consumption analysis
Electrical consumption trend is given in Figure 6 for unbalance failure
in level I, level II under the electrical frequencies of 32,7 Hz and 50 Hz.

Day 1

Day 2

Day 3

Day 4

Day 1

Day 2

Day 3

Day 4

(t)

Figure 6: Trend graphic of unbalance failure
Condition of unbalance failure can not be obtained with the electrical
consumption measurements at experimented frequencies f: 32,7 Hz and f:
50 Hz.
3.2.

Experiment 2

Unbalance Failure (U) + M. Looseness Failure (L) = (UL)
Frequencies - f: 32,7 Hz ; f: 50 Hz
Unbalance / Level II: loaded mass 23 g
Mechanical looseness / Level I: 0,2 mm (gap) ; Level II: 0,5 mm (gap)
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3.2.1. Vibration signals in time-domain and frequency-domain
Time-domain and frequency-domain findings are given in Figure 7-10
for unbalance failure in level II with mechanical looseness failure in level
I, level II under the electrical frequencies of 32,7 Hz and 50 Hz set with
inverter in order to determine rotation speeds of the system.

(a) f: 32,7 Hz Time-domain
(b) f: 32,7 Hz Frequency-domain
Figure 7: Unbalance (level II) - Looseness (level I) failure

(a) f: 32,7 Hz Time-domain
(b) f: 32,7 Hz Frequency-domain
Figure 8: Unbalance (level II) - Looseness (level II) failure

(a) f: 50 Hz Time-domain
(b) f: 50 Hz Frequency-domain
Figure 9: Unbalance (level II) - Looseness (level I) failure

(a) f: 50 Hz Time-domain
(b) f: 50 Hz Frequency-domain
Figure 10: Unbalance (level II) - Looseness (level II) failure
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Time-domain visual characteristics have differences after mechanical
looseness failure created over unbalance failure.
As the misalignment failure was combined with the unbalance failure,
a clear increase in amplitude of vibration signals has been identified by the
frequency-domain visual inspections. Due to creating mechanical
looseness simultaneously with the unbalancing failure, increase of
vibrations signals occur at each frequency; especially at the f: 32,7 Hz;
(1X) harmonic intensity dramatically raised from 0,748 m/s2 to 2,85 m/s2.
The increase rate in the level I of mechanical looseness is higher than level
II.
3.2.2.

Electrical consumption analysis

Condition monitoring data based on standart deviation of current and
voltage have been shown with trend graph in Figure 11 for unbalance
failure in level II with mechanical looseness failure in level I, level II under
the electrical frequencies of 32,7 Hz and 50 Hz.

Day 1

Day 2

Day 3

Day 4

Day 1

Day 2

Day 3

Day 4

(t)

Figure 11: Trend graphic of unbalance_ looseness double failure
Unbalance failure can not be obtained at the experimented frequencies
of f: 32,7 Hz and f: 50 Hz in electrical consumption measurements with
respect to different signal frequencies.
3.3.

Experiment 3

Unbalance failure (U) + Misalignment failure (M) = (UM)
Frequencies - f: 32,7 Hz ; f: 50 Hz
Unbalance / Level II: loaded mass 23 g
Misalignment / Level I: deviation 0,2 mm ; Level II: deviation 0,5 mm
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3.3.1. Vibration signals in time-domain and frequency-domain
Time-domain and frequency-domain findings are given in Figure 12-15
for unbalance failure in level II with misalignment failure in level I, level
II under the electrical frequencies of 32,7 Hz and 50 Hz set with inverter
in order to determine rotation speeds of the system.

(a) f: 32,7 Hz Time-domain
(b) f: 32,7 Hz Frequency-domain
Figure 12: Unbalance (level II) - Misalignment (level I) failure

(a) f: 32,7 Hz Time-domain
(b) f: 32,7 Hz Frequency-domain
Figure 13: Unbalance (level II) –Misalignment (level II) failure

a) f: 50 Hz Time-domain
(b) f: 50 Hz Frequency-domain
Figure 14: Unbalance (level II) – Misalignment (level I) failure

(a) f: 50 Hz Time-domain
(b) f: 50 Hz Frequency-domain
Figure 15: Unbalance (level II) – Misalignment (level II) failure
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In the experiment 3, as the horizontal misalignment failure combined
with unbalance failure, time-domain visualisations are varied with its own
characteristics with respect to the experiment 1 and experiment 2.
In the frequency-domain; unbalance harmonic (1X) signal has the
approximate amplitude within the (1X) harmonic in experiment 1 in level
II and only vary between frequencies but not in the level parameter.
Misalignment failure resulted in raise through (2X), (3X) and (4X)
harmonics in a linear trend that is a common feature of misalignment in
accordance with mechanical looseness because of unbalance affect.
3.3.2. Electrical consumption analysis
Electrical consumption trend is given in Figure 16 for unbalance failure
in level II with misalignment failure in level I, level II under the electrical
frequencies of 32,7 Hz and 50 Hz.

Day 1

Day 2

Day 3

Day 4

Day 1

Day 2

Day 3

Day 4

(t)

Figure 16: Trend graphic of unbalance_horizontal misalignment double
failure
Unbalance failure can not be obtained with respect to the different
signal frequencies at the experimented frequencies f: 32,7 Hz and f: 50 Hz
through electrical measurements of unbalance with misalignment level I
and II; although a small increase has been noticed at f: 50 Hz on
misalignment level II.
4.

RESULTS AND CONCLUSION

In this research; unbalance, unbalance-mechanical looseness,
unbalance-horizontal misalignment failures are studied in two different
levels with two different rotational speeds as 1900 min-1 (f:32,7 Hz) and
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2880 min-1 (f:50 Hz). The results are valid for 0,37 kW AC induction motor
with ball bearings that drives double inlet radial fan coupled with flexible
pin coupling with respect to the vibration and electrical consumption
analysis for the measured time intervals. Results may vary in other
conditions of measuring.
a) Vibration signal analysis results

According to vibration measurement and analysis; failures of
unbalance, unbalance-mechanical looseness, unbalance-horizontal
misalignment failures in different levels are clearly diagnosed in f: 32,7
Hz; f: 50 Hz. In the similar time interval; time-domain and frequencydomain results indicate that amplitude of the vibrations increase in each
level at the experiment 1 and experiment 2 gradually with respect to the
increase in rotational speed (frequency). But in the experiment 3,
unbalance failure harmonic (1X) do not increase as noticeable. Each failure
displays as characteristic periodical mass vibration fluctuations in the timedomain (waveform) graphics.
Based on frequency-domain analysis; unbalance failure displays on the
(1X) harmonic as clearly at the f: 32,7 Hz and f: 50 Hz in all experiments.
Mechanical looseness presents with the increase on harmonics beginning
from (1X) harmonic for the f: 32,7 Hz and f: 50 Hz. Horizontal
misalignment failure displays as an increase beginning from (2X)
harmonic for the f: 32,7 Hz and f: 50 Hz.
b) Root mean square (RMS) analysis results of vibration signal data

RMS levels indicate vibration defect intensity. In each experiment;
RMS intensity increase with respect to the failure level and rotation
frequency. Unbalance-mechanical looseness failure has RMS intensity
slightly higher than unbalance-horizontal misalignment and both failures
have more remarkable increase in comparison with single unbalance
failure.
c) Electrical signal analysis results

In each experiment; no useful result obtained from the trend graphic
based on electrical consumption monitoring device. This device system
seems not to be appropriate for low power electric motors and low intensity
failures in the specified cases.
d) Overall result

As a general conclusion; it is found that vibration signal analysis is
thoroughly helpful for identifying double failure mode of unbalance
condition in terms of unbalance-mechanical looseness failure and
unbalance-horizontal misalignment failure through this experimental setup
within specific features with respect to the specific time intervals.
Electrical signal analysis based on trend results is not sufficient enough in
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order to make accurate consideration for condition monitoring in these
experimented conditions. With respect to broad features of electrical
consumption monitoring system, it can assist vibration analysis with
respect to other experimental conditions that are not in this study; and both
of them may procreate a more reliable and informative detection tool as
together.
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CHAPTER IX
DETERMINATION OF BIOLOGICAL CHARACTERISTICS OF
KIWIFRUIT ORCHARD SOILS IN ORDU/TURKEY
Funda Irmak Yılmaz
Introduction
Varieties of kiwifruit are grown today has been breeding in New
Zealand in the 1930s. Trade of Kiwifruit has been the monopoly of this
country until the 1970s. After this date, it has started to grow by Australia,
Japan, South Africa, Chile, United States, and the Northern Mediterranean
countries (Ferguson, 1990; Tarakçıoğlu ve Aşkın, 2005).
Kiwi homeland of China Today, most are manufactured in Italy.
Ranked second after Italy takes place in New Zealand. In our country the
first time in Yalova in 1988 and the Institute of Horticulture has begun to
experiment in Giresun Hazelnut Research Institute.
After determining that Ordu is one of the suitable ecologies for growing
this fruit type, kiwi cultivation, which started with 500 seedlings in 1994,
reached a total of 34,100 seedlings in 2001 (Cangi, 1998; Anonymous,
2002; Tarakçıoğlu and Aşkın, 2005).
In our country, Yalova, Ordu and Rize are in the first place in terms of
the number of omca, while Ordu is in the second place after Yalova in
terms of kiwi production (Karadeniz et al., 2003).
The studies carried out to specify about soil quality, and measure it to
be taken in terms of productivity levels and plant nutrition. However, soil
physical, chemical, biochemical, microbiological, mineralogical, must be
dealt with issues related to geology and plant physiology (Schinner, 1986;
Karaca et. All., 1998). Besides their activity as measured determining the
biological properties of the soil microorganism counts it is important for
soil health (Gök ve Onaç, 1995; Karaca et. al., 1998). Each culture soil,
soil composition, and the amount of residues remaining in the product
varies according to environmental conditions and soil arrangement
methods, and are also affected by the level of seasonal conditions of an
enzyme. Enzyme activity can be greatly affected by the kinds of plants in
soil (Arcak et. al., 1994; Karaca et. al., 1998). Organic matter content,
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organic carbon, nitrogen, and soil properties such as soil pH significantly
affects the biological properties of soil. (Karaca et al.,1998).
The productivity of the soil is closely related to the organism activities
in the soil and their reactions. Elements such as C, N, P, S, Fe and Mg,
which are needed by plants, are transformed into useful by microorganisms
through various syntheses and analysis (Haktanır and Arcak, 1997). The
creatures living in the soil are of great importance in this respect. In
addition, soil organisms are responsible for many cycles occurring in the
soil.
After Rize in Turkey in the most recent years in Ordu kiwi production
in the province has increased produced economically. Kiwi agriculture
researches are generally on nutrient determination and there is no study on
the biochemical properties of soils in the Black Sea Region. Within the
scope of the project, a survey study was carried out to compensate for the
deficiency in this area, and the relationships between microbiological and
biochemical soil properties and other soil properties were determined.
Thus, biological properties of soil, which is one of the important features,
have been determined.
In this study 24 soil samples of kiwifruit garden were taken from Ordu/
Turkey, and some of the physical, chemical and biological properties of
the samples are determined. It has also performed statistical analysis to
determine the multiple correlations.
Material & Methods
This research has been implemented in Ordu province of Turkey. In
September 2013, 24 soil samples were taken from kiwifruit orchard lands
of Medreseönü Municipality and Efirli Village of Perşembe County of
Ordu. Medreseönü Municipality’s 14 villages and Efirli Village’s 10 fields
have kiwifruit orchard lands (Fig 1). Research materials of this 24
kiwifruit orchard lands constitute of the samples were taken from the
region of 0-30 cm soil depth of kiwifruit orchard. The analyzes made in
taken soil samples was carried out as paralleling. Samples have been
transfered to the laboratory in ice bags and temperature of trays have been
preserved as + 4 ◦C. Moist samples were sieved by 4 mm sieve. Sieved
moist samples brought to the laboratory for biochemical analysis (CO2production, Microbial biomass-C and Dehydrogenase enzyme activity).
Soil samples of sand, silt and clay fractions were determined by
hydrometer method, organic matter was analyzed according to WalkleyBlack wet digestion method, pH and electrical Conductivity saturation
were determined mud by Jackson (1962) as indicated by lime was detected
by Scheibler calsimeter. The elements of K, Ca and Mg soil samples AAS
was detected according to the nitrogen Kjeldahl method, CO2-production
0.1 N KOH solution using and after 1 day incubation period at 27 ° C was
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determined by back-titrated with 0.1 N HCl (Isermeyer, 1952). Microbial
biomass-C: the glucose supplied in moistened soil samples up to 55-60%
of the water holding capacity of aerobic based on organisms glucose
parsing the principles of 25 ° C was determined by measuring the CO2production after the 4-hour incubation (Anderson, 1982)..
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Fig 1. Soil samples where taken from
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Dehydrogenase Enzyme Activity: TTC (triphenyl tetrazolium chloride)
solution is added to the soil samples were incubated 16 h at 25 ° C. then
the formed TPF (triphenyl formazan) is determined by photometric
measurement at 546 nm. (Thalmann, 1968). Soil sample analysis have been
made in laboratories of Department of Soil Science and Plant Nutrition of
Ordu University.
Result & Discussion
Physical, chemical and biological properties of the soil samples forming
the research material are given at Table 1. Dehydrogenase enzyme activity
results determined in soil samples were measured between 0.55 - 96.16
µgTPF/gr. According to a study it was determined that dehydrogenase
enzyme activity in the Middle Black Sea Region soil 132.9-658.6 µg
TPF/gr dry soil (Aşkın et.all.,2004). Dehydrogenase enzyme is a
respiration enzyme. These enzymes by measuring the activity of various
dehydrogenase enzymes provide information on the total amount and the
majority of the soil. Both aerobic, anaerobic as well as living organisms
that can reveal organic compounds in breath hydrogen levels and is an
indicator organisms that can carry him to a hydrogen trapping agent
(Çengel, 2004). In order to determine the effect on the soil characteristics
of soil dehydrogenase activity obtained results of performed statistical
analyses seen Table 2. Kiwifruit orchard soil dehydrogenase enzyme
activity % CaCO3 in terms of value on the statistical significance at the
level of 5% and a pH of 1% positive impact. According to the results of
two different surveys carried out in the soil of the region of the level of
significance of 5% in terms of statistics between the pH value of the
alkaline phosphatase enzyme activity was determined positive correlation
in Eastern Black Sea (Kızılkaya et. al., 1998 and Karaca et. al., 1998). CO2production amounts of research soil varies from 6.2 to 23.01 mg CO2/ 100
gr dry soil. CO2-production is one of the important indicators of soil
quality. CO2-production was found to be statistically significant negative
relationship between the level of 5% organic matter. Because of soil
samples were taken from different kiwifruit orchards, relation has
determined negative. Research of soil microbial biomass-C values of 4.88
with 45.01 mg of biomass-C/100 gr dry soil ranged from value.
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EC
(mhos/cm)

Na (ppm)

0,1

3,38

2,26

7,08

94,5

343,44

87,1

81,6

SL

13,9

0,06

1,81

0,91

6,81

23,8

175,24

50,9

70,4

SL

3

2,4

12,81

9,56

0,11

2,91

0,72

5,52

50,9

185,22

34,3

71,2

SL

4

36,97

12,87

8,28

0,15

2,92

0,52

6,54

107,3

649,2

157,82

48,6

SL

5

38,81

8,98

45,01

0,2

1,73

0,35

6,59

28,6

84,94

12,74

81

SL

6

54,04

15,22

19,29

0,23

1,92

2,09

7,66

125,7

465,5

118,94

63,2

SL

7

32,06

9,67

36,55

0,16

1,92

0,73

5,6

66,2

244,4

57,82

67,8

SCL

8

6,05

18,83

11,81

0,35

0,42

0,28

5,76

50,3

190,3

47,5

63,2

SL

9

15,71

20,64

12,15

0,09

3,41

0,53

6,49

50,01

116,22

15,7

58,6

SL

10

26,1

14,28

33,36

0,08

6,17

0,36

5,97

194,7

317,24

98,74

34,2

CL

11

16,58

12,33

7,33

0,15

3,15

0,88

6,97

107,6

21,1

4,1

43

12

0,55

13,51

17,71

0,05

3,43

0,64

6,28

5,56

545,4

388,3

64,4

SL

13

22,28

7,71

20,48

0,02

5,65

1

6,57

121,9

343,44

472,54

57,2

L

14

14,83

6,2

6,57

0,02

4,78

0,64

5,55
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391,6
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48,4

SL

15

21,42

7,7

8,81

0,1

4,19

0,73

7,13

80,4

200,64

64,9

67,4

SL

16

57,37

11,45

32,64

0,15

1,88

0,37

6,67

47,1

175,24

68,5
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SL

17

38,65

5,77

18,05

0,04

3,42

0,26

7,56

39,5

39,44

18,7

23,6

SL

18

96,16

11,02

12,61

0,11

2,42

3,36

7,49

15,38

120,4

37,54

88,2

SCL

19

24,65

6,31

4,88

0,06

5,42

0,57

6,8

68,6

238,72

68,5

75

20

20,91

5,84

20,57

0,17

3,23

3,63

7,55

84,6

255,94

83,3

44,2

SCL

21

67,65

9,3

29,03

0,21

4,39

3,68

7,62

166,6

596,22

171,5

87,4

SC

22

56,01

23,01

28,07

0,16

1,49

8,69

7,71

122,6

151,34

47,5

55

SC

23

46,38

8,86

16,72

0,17

5,02

0,36

7,48

93

233,1

57,82

44,2

SL

Texture
class

pH

22,63

16,07

Ca+Mg
(meq/lt)

% CaCO3

15

4,91

K
(ppm)

Org.
matter

37,19

2

Microbial
Biomass-C

1

Samples
No
DHG
Enzymes
Act.
CO2Production

% Total N

Table 1. Physical, chemical, and biological properties of soil samples

L

SL

7,57 25,48 0,24
4,12 0,52 6,92
14,4 255,94
57,82
40,4 SL
24 48,33
DHG : Dehydrogenase enzyme actvity, EC: elektirical Conductivity , SL: Sandly Loam, SCL: Sandly Clay
Loam, SC: Sandly Clay, SiL: Silt Loam, CL: Clay Loam, L: Loam,

Kızılkaya et al. (2004), microbial biomass-C levels was found between
3.8 and 135.4 mg of 100 g CO2-C and soil samples were in accord with
these results. According to the results of statistical analysis, a negative
correlation between the level of 1% organic matter % total nitrogen from
the physical and chemical analysis, are at the level of 1% between pH and
CaCO3 % positive and a positive correlation between the EC and the 5%
level of organic matter.
When the organic matter values of the soils are examined; It was
determined that the content of organic matter ranged from 0.42 to 6.17. It
is thought that the reason for this difference in organic matter range is
probably organic wastes discharged to kiwi orchards. In the related

122

gardens, farmers have stated that they sometimes throw their household
waste or hazelnut dump to the bottom of kiwi trees. Total% N (nitrogen)
ratio is determined between 0,02 and 0,35 and all soil samples taken from
Kiwi orchards are insufficient in terms of phosphorus.
The pH range of the soils appears to be in the range of 5.52 to 7.71.
When Table 1 is examined, it is determined that the pH values of the soils
fall into 4 different soil reaction classes. According to this, five of the soils
have medium acid, 5 of them are light acid, 12 of them are neutral and 5 of
them have light alkaline soil reaction.
When results were examined (Table 1) to the field from 0 to 30 cm
depth of soil samples collected from 2 soil sandy loam, 3 soil, sandy clay
loam, 1 soil clay loam and 16 soil it was put into sandy loam and the first
ground to the clay loam texture class.
In macro elements such as chlorophyll containing organisms from algae
Potassium plays a role in the formation of chlorophyll. Table 1 shows the
amount of K that can be taken in soil samples. According to the table; K
values were found between 4.1-472.54 mg kg -1 values.
Soil samples taken from 0-30 cm depth in terms of Na content were
determined to be between 21.10 and 649.2 mg kg-1. It is poor in Na below
0.2 me / 100 g (Jackson, 1962).
Soils can be taken some elements (Na, K, Mg + Ca), organic matter,
CaCO3%, % Total - N values can be found within the borders of
agricultural land. Because of the different kiwifruit orchards research soil
and microbial biomass- C is scattered kiwifruit orchards were not detected
a correlation between other values.
Conclusion
Enzyme activity results determined in soil samples are in agreement
with previous studies. Likewise, the results of physico-chemical analysis
are in harmony with the studies made with soil samples previously taken
from kiwi orchards. The Black Sea Region has a rainy climate different
from other regions.climate influences soil formation as well as its
properties. However, it is quite possible to deteriorate (Physical, Chemical
and Microbiological) properties that are formed within increasing periods.
These feature changes and deteriorations in the structure will affect product
loss and quality. The obligation to interfere with soil properties arises in
order not to affect it and to maintain the productivity. In order to do this in
different ways, it is extremely important to know the basic values of these
soils.
Acknowledgements: This study has supported by Ordu University
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pH
EC
Na
K
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0,143
0,506
0,108
0,615
0,154
0,473
0,051
0,813
0,406*
0,049
0,303
0,150
0,173
0,419

0,031
0,884
-0,053
0,807
-0,026
0,906
0,009
0,966
0,262
0,216
0,027
0,901
-0,062
0,774
0,378
0,069

-0,228
0,285
-0,243
0,252
-0,131
0,543
-0,434*
0,034
0,422*
0,040
-0,078
0,718
-0,281
0,184
0,124
0,564
0,605**
0,002

Ca_Mg

0,608**
0,002
-0,063
0,770
0,046
0,831
0,117
0,585
-0,003
0,988
0,536**
0,007

K

% Total - N

0,449*
0,028
0,363
0,081
0,174
0,417
0,138
0,521
-0,238
0,264

Na

% CaCO3

-0,087
0,687
-0,502*
0,013
-0,165
0,440
-0,531**
0,008

EC

% Organic matter

0,25
0,239
0,241
0,256
0,269
0,204

pH

% Total- N

0,351
0,093
0,010
0,965

% CaCO3

Microbial Biomass-C

-0,085
0,693

% Organic
matter

CO2 - Production

r
P
r
P
r
P
r
P
r
P
r
P
r
P
r
P
r
P
r
P

Mic.
Biomass-C

Dehydrogenase
Enzyme Activity

CO2Production

Table 2. Physical soil samples, the amounts of elements can be associated between chemical and biological properties

0,290
0,169
0,123
0,568
0,183
0,393
0,115
0,593
-0,339
0,105
0,125
0,559
-0,013
0,953
-0,201
0,347
0,074
0,730
-0,066
0,761
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