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Abstract-This study aimed to examine Lake Iznik, one of the most significant water resources of the South 
Marmara Region, and the anthropogenic pollution types affecting the drainage basin and their possible effects. 
Lake Iznik, a water resource that is quite significant because of its geographical position, is polluted not only with 
the point and non-point sources of pollution around it, but also with the pollutants spread via highways which are 
linear pollutants. The fertilization and disinfection of agricultural lands are considered to be one of the most 
significant factors changing the trophic level of the lake. Biological diversity of the lake is examined in many 
studies, while the studies on water quality are limited. The decrease in the type and amount of the productions of 
the lake indicates to the increasing destruction of the ecological balance as a result of the water pollution.  
 
Keywords: Lake Iznik, water pollution, point and non-point sources, pollution loads 
 
 
 
1. INTRODUCTION 

 
Lakes are private wetlands which are of great 
importance in the lives of the people and offer 
many advantages regarding the economy of the 
region and the country. They constitute a 
significant and different place in other 
ecosystems in terms of the preservation of the 
natural balance and biological diversity [1]. 
However, lakes are considered to be the 
potential agriculture-residential-industrial areas 
in the development plans for years because of 
their high values [2]. Wetlands are polluted by 
the domestic, industrial and agricultural 
pollutants, and thus their biological diversities 
are destroyed. As a result of the intense water 
drawal from such wetlands and ground waters 
feeding these wetlands, such reserve areas 
become gradually smaller. Considering that the 
total wetlands in Turkey are 2.5 million 
hectare, it could be deduced that more than 
half of the wetlands of Turkey are destroyed in 
the last 40 years [3]. In this study, possible 
anthropogenic pollution loads in Lake Iznik 
were calculated.  

  
 
 
2. MATERIAL AND METHODOLOGY 
 
Lake Iznik, one of the 76 wetlands of 
international importance in Turkey, is a natural 
protected (NP) wetland according to the 
criteria of The Convention on Wetlands of 
International Importance (The Ramsar 
Convention) [4]. Lake Iznik, the biggest lake 
of the Marmara Region and the fifth biggest 
natural lake of Turkey, is a tectonic freshwater 
lake (Figure 1) [5]. The lake’s height above the 
sea level is approximately 85 m, its surface 
area is 313 km2, and its water volume is 12.2 
billion m3; it is an elliptical lake [6]. The 
maximum depth of the lake is 80m, and five 
streams and different ground waters feed the 
lake [7]. The highest points in the 
mountainside surrounding Lake Iznik are the 
Karakaya Summit (1260 m) on the northeast of 
the Samanlı Mountains localizing the 
depression from the north, and the Gürle 
Mountain (1282 m) localizing the depression 
from the southwest [8]. The Lake Iznik Basin 
is one of the depressed areas on the Anatolian 
Peninsula in the Marmara Region, and Lake  
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Iznik has developed on the Iznik Basin. The 
main morphological units of the Lake Iznik 
Basin consist of the alluvial plains, plateau and 
mountainous areas [9]. 
 Lake Iznik is a significant water resource not 
only with its water capacity but also in terms 
of agriculture, industry, water productions and 
recreational activities for the region [10]. The 
ecosystem of Lake Iznik is declared to be a 
natural protected area in 1990 and conforms to 
the international criteria with its characteristics 
[11]. With the lake’s 12.2m3 water volume and 
its 80 m3 annual water yield, Lake Iznik waters 
approximately a 12.000-hectare agricultural 
area; and intensive cultivation is conducted by 
the suppliers in the area [10, 12, and 13]. The 
agricultural area of approximately 9000 
hectares which is watered from the lake is 
considered to be expanded by 6.945 hectares 
with the sites builded. Water is drawn from the 
lake  by  the  farmers  in  order  to  water  the  
agricultural areas near the lake. 
Using intensive agricultural methods in the 
basin and on the plains, various products, 
especially olives, are cultivated; and grains and 
fodder crops are cultivated using dry farming 
techniques on the plateau areas surrounding 
these plains [12]. Although the proportion of 
the agricultural areas in the Lake Iznik Basin 
seems to be small, these areas are intensely 
used by most of the population to make a 
living. Moreover, Lake Iznik is a significant 
bird watching area in Turkey; and there are 
eight host and five stationary bird species, 13 
in total, in this area [14]. Fishery is mostly 
seen  on  the  shallow coasts  of  the  lake.  Six  of  
the bird species in this area has an economic 
value. The most important products of the lake 
are crayfish and catfish. Astacus leptodactylus, 
fresh water lobster also known as the crayfish, 
has an economic value. Lake Iznik (557 
tone/year) and Lake Egirdir (237 tone/year) are 
among the significant production areas in 
terms of crayfish [15]. Fishery of argentine is 
intensely seen in Lake Iznik. Moreover, the 
lake is richer than many other lakes in terms of 
diversity of the fish species. Rutilus frisii, 
Nordmann, known as Zander; Rutilus rubilio, 
Bonaparte, known as Bitterling; 
Chaldalburnus chalcoides, Linnaeus, known as 
Becket; and Coregonus sp., Linnaeus, known 
as Koregon are the species that are consumed 
[16].  
However,  as  a  result  of  the  disruption  of  the  
water quality, the fish population decreased  

and the fishery in the area nearly came to an 
end. The advantages that the lake offer, its 
geographical position and the active sectors in 
the area result in a rapid industrialization 
around the lake and in an increase in the 
population as a consequence [17, 18]. Along 
with this rapid population growth in this water 
basin, industrialization and agriculture are 
significant factors for the disruption of the 
water quality. 
 

 
 

Figure1. Satellite Photograph of Lake Iznik 

2. NON-POINT SOURCES OF 
POLLUTION 
 

3.1. Pollution Resulting From Traffic 
Activities 
In our country, nearly the whole highway 
transportation network meets the water 
conservation areas. Highway routes pass near 
the water conservation areas such as the lakes 
and the dams. As a result, water resources and 
basins are at a great danger. The same situation 
applies to Lake Iznik, the subject matter of the 
present study [19]. Istanbul-Bursa highway 
passes through Orhangazi on the west coasts of 
the Lake Iznik. This road is quite a busy 
highway,  and at  every  hour  of  the  day,  heavy 
traffic is observed. Exhaust fumes of the cars, 
hydrocarbons, nitrogen oxides, leads and 
carbon monoxides produced by the systems in 
and around the lake pollute the air through the 
year in every season and especially in winter 
[URL 1]. Exhaust fume consists of 
approximately 0.1%  NO, 1%  CO, 0.3%  H2, 
10%  H2O, 0-1% O2, 77.6-78.6%  N2, and this 
composition changes dramatically depending 
on the loads the vehicle carries. When the tires 
are worn out, particulate matters are created. 
Moreover, the dispersion of these ground level 
emissions is quite hard. Acidification which  
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may  occur  as  a  result  of these emissions is 
significant as it affects the land the water 
resources. These emissions result in changes 
in the characteristics of the land and the water 
resources when they are acidified because of 
the factors such as humidity and the 
temperature [20]. As the pollution loads and 
their diffusion resulting from traffic depend 
completely on the meteorological factors, 
obtaining consistent results is quite hard. 
Pollution loads resulting from traffic are not 
calculated within this study. 
 
3.2.Pollution resulting from agricultural 
activities 
 
There are fifty six residential areas in the Lake 
Iznik Basin. The population in these areas lives 
on olive and fruit growing. Thus, the use of 
fertilizers and agricultural pesticides are quite 
common in the basin. Fertilizers and 
agricultural pesticides reach to Lake Iznik 
along with the waters and flows resulting from 
the rain. The pollution of the water resources 
resulting from agricultural activities can be 
examined under three headings: erosion, use of 
artificial and natural fertilizers, and 
consumption of pesticides/herbicides. 
Nutrients (including fertilizers) and 
agricultural pesticides and herbicides are 
carried to the rivers and lakes through the 
flows resulting from the rain. Nitrogen, 
phosphate and potassium in the fertilizers 
result in significant changes in the natural 
waters. On the other hand, unconscious and 
extreme use of the artificial fertilizers makes 
the lands interfile and result in water pollution 
and similar negative effects within the natural 
cycle [21].  
Pollutants having toxic, teratogenic and 
methanogenic effects on the flora and fauna 
even in very low concentrations in the 
receiving environment are used extremely in 
the basins. 
Fighting the parasites and insects in 
agricultural areas, agricultural pesticides, 
herbicides and fungicides are used [22]. 
Agricultural pesticides are composed of 
compositions of arsenic, mercury, borate and 
fluoride, and of sulphur, nitrogen and 
phosphorus. In case that the high 
concentrations of copper-ion enter the water 
resources; the enzyme activity of the living  

 organisms is affected and the normal 
functioning of their organs is disrupted. 
Moreover, compositions of mercury are toxic 
for all the living organisms [23]. Pesticides in 
the land are moved over time depending on the 
type of the pesticide, its solubility, its 
durability and on the climate conditions, and 
they  reach the  surface  or  ground waters.  As  a  
result of the movement of these pesticides in 
the air used for agricultural protection, water 
resources are polluted. 
The increase in the compositions of nitrogen 
and phosphorus in natural waters results in 
significant changes. Agricultural activities are 
quite common in the basin; thus, the water 
resources there are polluted by the fertilizers. 
Compositions of phosphorus are found in 
fertilizers and many detergents. Concentration 
of phosphorus in most of the natural surface 
waters varies between 0.005-0.02 mg/L PO4-P. 
High concentrations of phosphorus result in 
another problem in the water masses in which 
the algal growth is naturally restricted to 
phosphorus. In these situations, additional 
compositions of phosphorus result in the 
stimulation of the algal bloom and the 
acceleration of the eutrophication process [24, 
27]. Another pollutant is the fertilizers with 
nitrogen, which are one of the common 
agricultural pollutants in the area; and these 
fertilizers, as in the case with phosphorus, are 
moved  to  the  water  sources  along  with  the  
surface waters as a result of the meteorological 
factors such as rain and snow. The primary 
source of nitrogen is the air. Production of the 
fertilizers and burning of fossil fuels result in 
biological reactive nitrogen to enter into the 
ecosystems. These changes in the nitrogen 
cycle have negative effects on the natural 
ecosystems and the human health. The use of 
industrial areas result in the high 
concentrations of nitrite and nitrate; the 
residential areas cause the total nitrogen load 
to increase; and the highways cause the 
concentrations of nitrogen to increase [28, 29]. 
The maximum concentrations of the 
compositions of nitrogen and phosphorus in 
the receiving water environments and in the 
drinking water are reported by many countries 
and the authorities; and they are given in Table 
1. 
Export coefficients for nitrogen and 
phosphorus are given in different ranges in 
various sources, and these values are given in 
Table 2 and Table 3. In order to calculate the  



THE POTENTIAL SOURCES OF POLLUTION AFFECTING THE WATER QUALITY OF LAKE IZNIK 
Yalcin Askin OKTEM, Murat GUMUŞ, Gokcen BAYRAK YILMAZ 

201 
 

nutrient loads of non-point sources (N-P) using 
the Export Coefficient Model (ECM),  
 

 topographic and land use maps of the basin are 
used. 

Table 1. The highest allowed concentrations of the N-P compositions [25] 

Parameter 
mg/L 

Drinking water Fishery and the aquatic life 

WH
O 

EU Canad
a 

USA Russia EU Canada Russia 

NH3-N     2.0 0.005-
0.025 

1.37-2.2 0.05 

NH4-N  0.5   2.0 0.04-1.0  0.5 
Nitrate (N)   10.0 10.0     

NO3-N 50 50   45   40 
Nitrite (N)   1.0 1.0     

NO2-N 3.0 0.1   3.0 0.01-0.03 0.06 0.08 
Phosphorus  5.0       

 

Table2. Total nitrogen export coefficients (kg N/ha/year) 

Source Urban 
areas 

Rural 
areas 

Industri
al areas 

Forest 
areas 

Pasture 
areas 

Vehicle 
emissions 

[30] 6 6 - 3.2 - - 
[31] 3 10 - 2 - - 
[32] 6 6.4 8 2.8 8.65 - 

 

Table 3. Total phosphorus export coefficients (kg P/ha/year) 

Source Urban areas Rural 
areas 

Industrial 
areas 

Forest 
areas 

Pasture 
areas 

[31] 0.5 0.3 - 0.05 - 
[32] 1.4 1.2 2.3 0.26 1.5 
[33] 0.5 0.25 - 0.1 - 
[34] 0.95 0.45 - 0.11 - 

 

 
More nutrient export coefficient is needed, and 
thus the agricultural coefficients are updated 
for the semi-naturalvegetation and forest areas, 
and for the urban areas where sewage or septic 
tank systems are used [35]. 
 
LDistributed source= E*A   (1) 
 
L: Annual total loads according to the land use 
E: Export coefficient 
A: Acreage according to the type of land use 
 
The use of export coefficient (EC) for the 
calculation of phosphorus and nitrogen loads 
depends  on  some  certain  information  such  as  
the climatic regimes and the specific types of 

  
land use. Possible concentrations of nitrogen 
and phosphorus resulting from the fertilizers 
used in the agricultural areas around Lake 
Iznik and affecting the lake are calculated and 
given in a graph (Fig. 2). 

0,20

0,08

0,00

0,10

0,20

0,30

Nitrogen Phosphorus  
Fig. 2. Possible N-P concentrations calculated 

at the end of the fertilization (kg/day) 
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4. POINT SOURCES OF POLLUTION 
4.1 Pollution resulting from industrial 
activities 
Lake Iznik is polluted by the waste water of 
the Orhangazi Industrial Area, the tankages of 
Iznik and Osmangazi, Marmara Birlik Olive 
Processing Plants in Iznik, and by Ispak 
industrial plants in Orhangazi [8]. Moreover, 
the  lake  is  under  threat  because  of  the  small  
olive oil plants around it [3]. According to the 
reports, some industrial plants increasing the 
water pollution in the area and the amount of  

 the waste water discharged by them are given 
in a table (Table 4). However, some 
institutions in the table are also known to 
discharge more water than stated. 
Processing types of the industries are 
determined and the amount of water used per 
product is calculated. Pollutant amounts in 
waste water per unit for each process (kg/m3 or 
mg/l) are examined in the literature and the 
possible pollution loads are determined by 
multiplying the amounts of waste water in the 
industry [36]. 

 
Table 4. Industrial plants discharging waste water in the Lake Iznik drainage basin [18] 

 
 

Plant Sector Amount of the waste 
water(m3/day) 

Swedish M.Kibrit & Çakmak A.Ş. Orhangazi Forest Products  50-200 
Asilçelik San.Tic.A.Ş.- Orhangazi Iron Steel Industry 200-1000 
Ormo Yün İplik San.- Orhangazi Textile Ind.  200-1000 
Namsal Gıda San.- Orhangazi Food Ind.  200-1000 
Polifleks Otomativ San.- Orhangazi Automotive Ind. 200-1000 
Karbogaz-CO2 ve Kurubuz San.- Orhangazi Chemical Ind.  50-200 
Döktaş Döküm San.- Orhangazi Casting Ind.  200-1000 
Cargill Tarım San.- Orhangazi Corn Processing 200-1000 
Mezbaha - Orhangazi Animal Slaughter >200 
Marmara Birlik Zeytin -İznik Olive Processing 200-1000 

LPS= C.Q                  (2) 
 
LPI: Annual total loads according to the type of 
the process in the industries 
C: Pollutant concentration of a certain process 
(kg/m3)  
Q:  Daily  –  hourly  flow  rate  of  the  process  
(m3/d) 

26222

37447

1847 151
0

10000

20000

30000

40000

BOD5 TSS Total
Nitrogen

Total
Phosprous  

Fig. 3. Possible pollution loads calculated at 
the end of the industrial activities (kg/day) 

 
4.2. Pollution resulting from the population 
It is a well-known fact that the pollution in 
Lake Iznik increases parallel to the population 

 growth. The common use of the septic tanks in 
Orhangazi and Iznik around Lake Iznik causes 
the pollution of the lake to increase. Although 
the population outside Iznik and Orhangazi is 
not dense, pollutant loads of domestic waste 
water affecting the lake are calculated. A 
certain amount of the used water (70-90% in 
general) is thought to return to the sewages. 
The flow rate of the waste water discharged 
into the sewages might be calculated as 
follows: 

21 n
Q

n
MaxQQ LeakDomes

Calc +=
  

   (3) 

Here;  
 
Max (QDomes): 1.5 x QAve  (lt/sec) 
 
Qleakage:  the  flow  rate  of  the  ground  water  
returning the sewage 
n1: coefficient equal to certain population 
values 
 
n24: coefficient of the waste water returning to  

the channel (24 especially in areas with  LPS= N*q                   (4) 
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channel).  
Leakage flow rate except for the domestic use 
is not calculated in this study. Average daily 
consumption values can be seen at Table 5 for 
various countries.     
 
Table 5. The  flow  rate  of  the  daily  
consumption water determined for certain 
countries (except for the leakage flow rate) 
[37]. 

Country Flow rate of the daily 
water consumption 

(l/person-day) 
Germany 150 
Belgium 80 
Denmark  150 
France  95 
Switzerland 275 
Norway 150 
Italy  230 

 
Certain institutions in Turkey determine the 
flow rate of the waste water and the loads per 
unit for some conventional pollutants. Values 
that are determined in the General 
Specification of the Waste Water Discharge 
Process of the Provincial Bank are given in 
Table 6 below; and they are considered to 
constitute the base for activated sludge, 
trickling filter and stabilization basin design. 

 
Table 6. Pollutant loads determined in the 

general specification of the Provincial Bank 
[38]. 

 
Paramete

r 
(g/person.d

ay) 
BOD5 50—60 
TSS 70—90 

N 10—12 
P 3–4 

 
The flow rate produced according to the 
population is calculated with an equation (Q 
calculation) as the average population living in the 
basin is known; then the domestic waste water 
loads as the point sources are calculated by 
multiplying this rate by the values in Table 6 
(Equation 2). Possible load amounts returning 
to  the  lake  according  to  the  population  are  
calculated and given in a graph (Fig. 4). 

 
L:  Pollution load according to the population 
(domestic waste water load kg/day) 
N: Population in the basin (person) 
q: Pollution per unit daily produced per person 
(g/person-day) 
 

5977

13149

1076
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Nitrogen
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Phosprous  

Fig. 4. Possible domestic pollution loads 
(kg/day) 

4. CONCLUSION 
 
Lake Iznik is a surface water resource used for 
drinking and domestic water and is an 
ecosystem used for recreative purposes. The 
lake has an economical and touristic value for 
the region and the population in the area 
dramatically increases. The population growth 
results in industrialization, land use and water 
consumption. Especially the overuse of the 
pesticides in agricultural activities in the 
drainage basin has a negative effect on the 
ecosystem of the lake. The return of nitrogen 
and phosphorus to the lake in great amounts 
requires a re-evaluation of the trophic level of 
the lake; and this indicates that the lake 
acquires an eutrophic characteristic. Moreover, 
industries using the water of the lake in 
processing goods discharge their waste water 
to the lake without sufficient purification. 
Phosphorus in the industrial pollution is 
determined to be 3 times more than that in the 
domestic waste water; and nitrogen in the 
industrial pollution is determined to be 1.5 
times more than that in the domestic waste 
water. However, nitrogen and phosphorus used 
in agricultural activities do not pollute the lake 
like other sources because of various factors 
such as adsorption, dilution and degradation. 
The sustainable water quality of Lake Iznik  

and the drainage basin disrupts the  [9] Akbulak C., İznik Gölü Havzasında Arazi 
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preservation-use balance against the lake. The 
decrease in the number of fresh water 
resources or their pollution indicates that the 
necessary measures should be taken in order to 
preserve these sources. It is obvious that the 
shelter belts are insufficient in the preservation 
of the lake and that the activities and 
residences in the drainage basin should be 
organized within the frame of a certain 
planning. Basin management is a planning 
approach that requires to be integrated to the 
water quality management; and the sustainable 
water quality management is maintained using 
this approach in many countries. As a 
consequence, Sustainable Water Quality 
plannings integrated with the Basin 
Management should immediately be realized 
in Lake Iznik. 
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Abstract: Today, service quality has become a major phenomenon with the requirement of meeting consumer 
demands in the best way brought along with the rising competition between companies. Airway transportation is 
preferred more and more during the recent years. Many qualitative and quantitative criteria are considered while 
evaluating service criteria in airway transportation. In this context, evaluation of service quality is a decision-
making problem with many criteria. The purpose of this study is to evaluate service quality of domestic airway 
companies in Turkey. In this study; fuzzy TOPSIS  method which is one of the most preferred fuzzy MCDM 
methods, extension of multi criteria decision making methods in fuzzy environments, considering qualitative and 
quantitative criteria together and giving opportunity to make group decisions in fuzzy environments. As a result, 
evaluation was made based on service quality criteria for the most preferred airways companies in Turkey and 
these companies were ranked according to their levels of service quality. 
 
 
 
Keywords: Airways, service quality, fuzzy TOPSIS method, triangular fuzzy numbers. 

 
 
1. INTRODUCTION 
One of the situations where fuzzy logic applies 
is the situations requiring human judgment. 
Use of human judgment in decision making 
models has increased notably in recent years. 
Chen also states that fuzzy multi criteria 
decision making method is required if different 
qualitative and quantitative criteria are to be 
evaluated  together  and  if  a  ranking  based  on  
their gravity shall be made [1]. 
Multi criteria decision making (MCDM); can be 
defined as evaluation of the alternative for 
selection, ranking or elimination purposes by 
applying contradictory and different multiple 
qualitative and/or quantitative criteria using 
units of measure [2].  

 TOPSIS (The Technique For Order Preference 
By Similarity To An Ideal Solution) method 
used in this study is a MCDM method. Upon 
review of the literature, the reasons for 
preferring TOPSIS method in fuzzy 
environments frequently in the last years are as 
follows: the method is easy to calculate and 
understandable for decision makers; the 
method can be applied in fuzzy environments; 
and both qualitative and quantitative data can 
be used in the method. Besides, the method has 
the capability of relative performance 
measurement for each alternative; it is 
scientific and objective; it prevents conflicts 
among decision makers; it is flexible and it has 
a rational logic, which can be counted among 
the reasons for preference [3].  
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It is seen that there are many researches carried 
out with fuzzy TOPSIS (FTOPSIS) method in 
the literature. Application field of FTOPSIS is 
very wide. Recently, airway transportation is 
getting more and more important both in our 
country and in the world and the number of 
people who prefer this kind of transportation is 
increasing. Therefore, the number of the 
companies in this industry is increasing in the 
same rate. So, the competition among these 
companies brings along variability in service 
qualities. Two remarkable studies in the 
subject of evaluating service qualities of 
airways companies are the study by Tsaur and 
his friends in 2002 and Önüt and his friends in 
2008. When the main and sub criteria were 
determined in the study by Önüt and his 
friends,  some  of  the  criteria  used  in  the  study  
by Tsaur and his friends which matched with 
the conditions in Turkey and Turkish airways 
companies were used or were partially changed 
and adapted. Besides, some of the other criteria 
were defined after consultations with experts 
working in airways industry and service 
quality of airways companies in Turkey was 
evaluated  with  AHP  method,  one  of  MCDM  
methods [4]. The purpose of this study is to 
evaluate service quality of airways companies 
in Turkey by using FTOPSIS method. While 
evaluating the service quality of four airways 
companies with domestic flights in Turkey 
with FTOPSIS method, the criteria in Önüt and 
his friends’ study were used exactly [4]. 
At the following sections of the study, 
information on fuzzy set theory and FTOPSIS 
method was given and then an application was 
used; and the gathered results were stated. 
 
2. FUZZY SET THEORY 
Fuzzy  set  theory  generally  has  a  set  of  
meanings such as misty, uncertain, indefinite 
etc  [5].  Fuzzy  theory  was  added  to  the  
literature by Zadeh in 1965. Certain set theory 
can be insufficient in cases of decision making 
with linguistic variables. However, fuzzy sets 
are based on feasibility not possibility. In such 
cases, making decisions by applying fuzzy set 
theory generates more successful results [6]. 
Variables formed by the values defined by 
expressions, linguistically are called “linguistic 
variables”. Linguistic variables are very useful 
in definition of expressions which are complex 
or not clearly defined [7]. It is not certain what 
the expressions such as little, medium, a lot 
mean quantitatively. Capability of expressing  

 such unclear cases is ensured with fuzzy sets 
easily [8]. 
The expressions like yes/no, good/bad, 
correct/wrong in certain sets are replaced with 
expressions such as partially correct and 
“partially wrong” in fuzzy sets [9]. Fuzzy set 
theory function as a bridge for transfer from 
verbal to numerical [5]. 
 
2.1. Fuzzy Number 
Normal  and  convex  fuzzy  set  is  called  fuzzy  
number. Most frequently used fuzzy numbers 
are triangular and skewed fuzzy numbers [6] 
[10]. Fuzzy numbers are a special subset of 
fuzzy  sets.  Fuzzy  sets  are  very  useful  in  
definition of uncertain or approximate 
numerical amounts such as around 5, 
approximately 9, roughly 15, etc. In this study, 
triangular fuzzy numbers are used [11]. 
 
2.2. Triangular Fuzzy Number 
Most frequently used fuzzy number type is 
triangular fuzzy number because of its feature 
of providing operation convenience [12]. One 
triangular fuzzy number is indicated as 

),,(~
321 nnnn = as  seen  in  Figure  1.  

)(~ xnm membership function is expressed as 
follows and indicated as in Figure 2 [7]. 
 

 
 

Figure 1 n~  Triangular Fuzzy Number 

 
 

Fighure 2 n~  Triangular Fuzzy Number 

Fuzzy number n~ seen in Figure 2 is a  
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triangular fuzzy number. Here n1≤ n2≤ n3’ 
indicates type and n1 indicates the lowest 
possible value, n2 indicates the net value, n3 
indicates the biggest possible number [13]. 
 
2.3. Vertex Method 
Vertex method is a method applied for finding 
the distance between fuzzy numbers. The 
distance between two triangular fuzzy numbers 
like ),,(~

321 mmmm =  and 

),,(~
321 nnnn = can be calculated as below 

[7]. 
 

 
(1) 

3. THE FUZZY TOPSIS METHOD 
FTOPSIS method is a MCDM method 
developed for elimination of fuzziness 
stemming from human judgment in decision 
making process, in solution of problems 
requiring group decisions and in environments 
with linguistic fuzziness [7]. FTOPSIS method is 
based on the fact that the selected alternative 
is closest to fuzzy positive-ideal solution (FPIS) 
and most distant to the fuzzy negative-ideal 
solution (FNIS). Positive ideal solution is 
defined as a solution maximizing advantage 
criteria and minimizing disadvantage criteria; 
while negative ideal solution is defined as 
maximizing disadvantage criteria and 
minimizing advantage criteria [14].  
The most explicit feature of FTOPSIS method 
is that it provides opportunity for decision 
criteria to have different importance weight. 
Decision makers use appropriate linguistic 
variables to evaluate importance weight of 
decision criteria and to evaluate alternatives 
according to these criteria. These linguistic 
variables can be expressed with triangular 
numbers  as  indicated  in  Table  1  and  Table  2  
[7].  
In this study, TOPSIS method is applied based 
on the model developed by Chen [7]. As 
mathematical expression of Chen’s model; in a 
group consisting of K number of decision 
makers where K

jw~ ’ s Kth decision maker is 
evaluated, importance weight of decision 

criteria is indicated as K
ijx~ ’ and i. is the 

criteria value of the alternative, the importance  

 weight of the criteria and criteria value of 
alternatives are respectively; 
 

              (2)        

 
              (3) 

 
calculated using these formulas.  
 

Table 1: Linguistic variables used in evaluation 
of decision criteria and their equivalents as 

triangular fuzzy numbers                                                                    
 

 
Table 2: Linguistic variables used in 

evaluation of alternatives and their equivalents 
as triangular fuzzy numbers 

 
Very bad (VB) (0,0,1) 

Bad (B) (0,1,3) 
Medium bad (MB) (1,3,5) 

Medium (M) (3,5,7) 
Medium good (MG) (5,7,9) 

Good (G) (7,9,10) 
Very good (VG) (9,10,10) 

 
A fuzzy multicriteria group decision-making 
problem which can be concisely expressed in 
matrix format as 
 

 
 

 
where ijx~ , "  i, j and jw~  , j=1,2,…, n are 
linguistic variables. These linguistic variables 
can be described by triangular fuzzy numbers,

 
ijx~  =( ija , ijb , ijc ) and jw~  =( 1jw ;

 2jw ; 

3jw ). 
The next step is to normalize fuzzy decision  

Very low (VL) (0.0,0.0,0.1) 
Low (L) (0.0,0.1,0.3) 

Medium low (ML) (0.1,0.3,0.5) 
Medium (M) (0.3,0.5,0.7) 

Medium high (MH) (0.5,0.7,0.9) 
High (H) (0.7,0.9,1.0) 

Very high (VH) (0.9,1.0,1.0) 
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matrix. Normalized fuzzy decision matrix is 
indicated with R~  and expressed as below 
 

(4) 
 
Decision criteria can be categorized in two: 
advantage and cost criteria. Here B indicates 
advantage and C indicates cost criteria; 
 

 
(5) 

 
(6) 

 
is calculated using the above formulas. 
Considering each decision criteria may have 
different importance weight, weighted 
normalized fuzzy decision matrix is indicated 
as: 

 
(7) 

Elements of this matrix is calculated with the 
formula below: 
 

                                          (8)                                                                                                              
 
According to weighted normalized fuzzy 
decision matrix, for"  i, j; ijv~  elements are 
normalized positive triangular fuzzy numbers 
and are located between the intervals of [0,1]. 
Fuzzy positive ideal solution (A*) and fuzzy 
negative ideal solution (A-) is defined as 
below; 
 

  (9) 

                        (10) 
In this definition according to Chen’s 
FTOPSIS model; j =1, 2,…,n and *~

jv = (1,1,1) 
-
jv~ = (0,0,0) [7].  

Distances of each alternative from positive 
ideal solution (A*) and negative ideal solution 
(A-)  are respectively calculated using the 
below formulas;  

  

(11) 
 

                                                                                  

(12) 
Here d(…, ...) indicates the distance between 
two fuzzy numbers and is calculated using 
formula number (1) according to Vertex 
method [7]. 
To define the order of alternatives, closeness 
coefficient (CCi) related to each alternative is 
calculated. Closeness coefficient of each 
alternative is calculated with the below 
formula:  

        (13) 
 
As CC i gets  closer  to  1,  A  i alternative gets 
closer  to  FPIS  and  gets  far  from  FNIS.  
Therefore, priority order of alternatives can be 
decided according to closeness coefficient [12] 
[15]. In line with the given information, 
algorithm of FTOPSIS method can be summed 
up as follows [7]. 
Step 1: Definition of the jury of decision 
makers, alternatives and decision criteria 
Step 2: Evaluation of decision criteria and 
alternatives with linguistic variables according 
to decision criteria by decision makers  
Step 3: Definition of importance weight of 
criteria 
Step 4: Forming fuzzy decision matrix and 
normalized fuzzy decision matrix 
Step 5: Forming weighted normalized fuzzy 
decision matrix  
Step 6: Definition of fuzzy positive and 
negative ideal solutions  
Step 7: Calculation of distances from fuzzy 
ideal solutions  
Step 8: Calculation of closeness coefficient 
Step 9: Order of alternatives 
 
4. APPLICATION  
In this study, FTOPSIS method is applied 
based on the algorithm developed by Chen in 
order to evaluate service quality of airways 
companies giving domestic flight services in 
Turkey [7]. The operations applied according 
to the algorithm of the method are indicated 
step by step as follows: 
Step 1: In order to evaluate service quality of 
airways companies, the opinions of the three 
people who travelled at the flights by all 
companies  in  the  survey  at  least  once  are 
referred.  As a result of the negotiations with 
intermediary companies assigned for airways                
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travels and internet researches, four airways 
companies preferred the most in Turkey are 
included in the evaluation. It is not deemed 
appropriate to disclose the names of the 
companies included in the study. Thus, they 
will  be  named  as  A1,  A2,  A3,  A4.  In  this  
study, the criteria prepared specially for 
Turkey are used by referring to the study of 
Tsaur in 2002 and study of Önüt and his 
friends in 2008. These criteria are kindness of 
the personnel, fulfillment of responsibilities by 
the personnel, giving effective service, 
professional competence of stewards and 
stewardesses, performance of timely take-off, 
security, luggage loss- damage rate, cabin 
cleanness and comfort, timeliness of take-off 
and landing monitor and announcements, food 
and beverage quality, appearance of personnel, 
ticket process, customer complaint evaluation, 
enlarged travel services [4]. 
Step 2: İmportance weight table of the criteria 
is formed and evaluation results are formed 
into triangular fuzzy numbers. Evaluation table 
of alternatives according to the criteria is 
formed. Evaluation results are turned into 
triangular fuzzy numbers. 
Step 3: İmportance weight tables of decision 

 criteria are formed. 
Step 4: Using the evaluation results of 
alternatives, according to the methodology 
explained in the second section of the study, 
normalized fuzzy decision matrix is formed 
according to the linear normalization method 
explained in the first section. 
Step 5: Weighted normalized fuzzy decision 
matrix is formed. 
Step 6: According to Chen’s model applied in 
this study, as fuzzy positive ideal solution (A*) 
and fuzzy negative ideal solution (A-), n = 14 
for a decision problem with 14 criteria; it is 
accepted as follows [7]. 
 
A*=[(1,1,1),(1,1,1),(1,1,1),(1,1,1),(1,1,1), 
(1,1,1),(1,1,1),(1,1,1),(1,1,1),(1,1,1),(1,1,1),(1,
1,1),(1,1,1),(1,1,1)] 
 
A-=[(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)] 
Step 7: Distances from FPIS and FNIS are 
calculated for each alternative using distances 
of alternatives from FPIS and FNIS for each 
criterion (Table 4).  
 

 
Table 3: The fuzzy importance weight of the decision criteria 

Criteria Weight 
Responsiveness of crew (0.7,0.9,1.0) 
Courtesy of crew (0.7,0.9,1.0) 
Actively providing service (0.6,0.8,0.9) 
Professional skill of crew (0.6,0.8,0.9) 
Timely take-off performance (0.5,0.7,0.8) 
Security  (0.8,0.9,1.0) 
Luggage safety (0.8,0.9,1.0) 
Cabin cleanness and comfort (0.5,0.7,0.8) 
Appearance of crew (0.6,0.8,0.9) 
Timeliness of take-off and landing monitor and announcements (0.6,0.8,0.9) 
Food and beverage quality (0.5,0.7,0.8) 
Convenient ticketing process (0.5,0.7,0.9) 
Customer complaints handling (0.5,0.7,0.8) 
Extended travel services (0.3,0.5,0.7) 

 

 
Table 4: di* ve di

- values of alternatives 
 

Alternatives di* di
- 

A1 4,9264 10,0854 
A2 6,7818 8,1496 
A3 7,8792 7,0462 
A4 6,0971 8,9440 

 

Note: Ai: i. Alternative, di*: Distance of i. alternative from FPIS, di
-: Distance of i. alternative from FNIS 
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Step 8: Closeness coefficient of each 
alternative is calculated.  
Step 9: By sorting closeness coefficients 
descending, priority order for alternatives is 
formed (Table 5) 
 

Table 5: The closeness coefficient of 
alternatives and ordering table 

 
Alternatives CCi Order  

A1 0,6718 1 
A2 0,5458 3 
A3 0,4721 4 
A4 0,5946 2 

 
Note: Ai: i. Alternative, CCi: Closeness 
coefficient of  i. alternative 
 
5. RESULTS 
As  seen  in  Table  5  obtained  as  a  result  of  
calculations according to fuzzy TOPSIS 
method, as closeness coefficients of 
alternatives are defined in descending order 
CC1 > CC4 > CC2 > CC3,  it  is  seen  that  the  
order is A1, A4, A2, A3 when service quality of 
alternatives are evaluated. 
 
6. CONCLUSION 
 
The fact that airways transportation which has 
a significant place in service industry is 
becoming widespread day by day draws 
attention to the significance of service quality 
at the customer satisfaction level. In this study, 
service quality of domestic airways companies 
in Turkey is evaluated with fuzzy TOPSIS 
method. 
Many qualitative and quantitative criteria are 
taken into consideration while evaluating 
service quality. Therefore, service quality 
evaluation study can be considered as a multi 
criteria decision making problem. In the study, 
it is found out that the top two of importance 
weight of the criteria are security and luggage 
safety and the last one is enlarged travel 
service criteria. 
With fuzzy TOPSIS method, linguistic 
variables forming verbal expressions of the 
people can be used and this method considers 
that each decision criteria can have a different 
importance weight. It is concluded that such 
features allow evaluation results be more 
realistic. 

 It was applied on four airways companies 
preferred  the  most  in  Turkey  and  as  seen  in  
Table 5, the first alternative is defined as the 
company with the best service quality level 
with the highest closeness coefficient. This 
company is ensued by fourth, second and third 
companies. 
In  conclusion,  it  can  be  said  that  FTOPSIS  
method can be evaluated with linguistic 
variables, alternatives are evaluated with 
multiple decision criteria and it can be easily 
applied to the situations which requires group 
decision. 
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Abstract: A lot of people have died because of earthquakes every year. Therefore It is crucial to predict 
the time of the earthquakes reasonable time before it had happed. This paper presents recent 
information published in the literature about precursors of earthquakes. The relationships between 
earthquakes and ionosphere are targeted to guide new researches in order to study further to find novel 
prediction methods.  
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1. INTRODUCTION 
Earthquakes have been an important fact 
changing life of the living creatures throughout 
human history. People have increased the 
number of the studies carried out on 
earthquakes because of this importance. Every 
year around 120.000 people have died because 
of earthquakes [URL-1 , (2012)]. This is 
because, it is critical to predict the time of 
earthquakes before happens. There are many 
researchers tries to find fast and rigorous 
prediction methods in the literature. The main 
goal of this paper is to give detailed review on 
prediction of earthquakes studies published in 
the literature in order to guide further studies.   

A lot of studies have started to focus on 
impacts of the earthquakes and the geological  

 formation  as  well  as  on  the  issues like 
precursors [Molchanov et al. (1998)] [Pierce 
(1976)] [Muto et al. (2009)]. Probability of 
earthquake prediction is established on 
hypothesis of the existence of precursors. 
There have been a large number of earthquake 
precursors suggested since ancient times. 
However  there  has  not  been  a  precursor  put  
forth yet fully proven and reliable [Molchanov 
et al. (1998)] [Hayakawa and Molchanov. 
(2000)]  [Horie et al. (2006)]. It is observed 
that statistical analysis and signal processing 
techniques are applied on the methods 
identified as precursors and data sets from 
various VLF networks in all studies to define 
the relation between the ionosphere and the 
VLF signals. 

mailto:mustafaulas@gmail.com
mailto:fata@firat.edu.tr
mailto:hasanbalik@gmail.com
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There are studies carried out in two ways in 
order to improve reliability for existences of 
ionospheric perturbations in connection with 
earthquakes. One of them is the studies 
performed for large earthquakes on the 
characteristic changes in ionosphere 
[Molchanov vd. (1998)] [Shvets vd. (2004)] 
[Yamauchi et al. (2007)]. The second analysis 
method is to statistically analyze the relation 
between the earthquakes and the VLF/LF 
signals carrying the data of perturbations 
happening in the sub ionosphere [Molchanov 
et al. (1998)] [Muto et al. (2009)]. The 
earthquakes need to be on the surface in order 
sub ionosphere to be exposed to perturbations 
due to earthquakes. Furthermore the magnitude 
should be 6 or over to observe the impacts of 
the earthquakes on the ionosphere [Muto et al. 
(2009)]. There is an environment in the studies 
which are the receivers and transmitters. 
Electromagnetic waves from this transmitter 
are received by the receiver using reflection 
feature of ionosphere. What is observed here is 
that transmitted electromagnetic waves incur 
losses depending on the atmosphere which is 
the transmitting environment and ionosphere 
which is the reflecting surface [Yamauchi et al. 
(2007)] [Hayakawa (1999)]. These losses in 
fact are significant data. The losses are created 
by the impact of the factors in the 
environment. Defining these factors will give a 
meaning to data carried. Characteristic changes 
in electromagnetic waves include the data of 
the changes affecting ionosphere and occurring 
in the atmosphere thus on the earth [Muto et al. 
(2009)]. 
Amplitude and phase values of VLF signal 
sent by the transmitter and received by the 
receiver are examined in the studies. The 
changes on electromagnetic VLF signal 
depend on electric density of ionosphere’s D 
layer and reflection height as long as the 
transmitter has a constant frequency and 
distance [Hayakawa et al. (2006). Using VLF 
signals is essential for analysis method due to 
reflection height [Molchanov et al. (1998)] 
[Gokhberg et al. (1989)]. The reason to use 
VLF signals as electromagnetic waves is 
because electromagnetic waves do not reflect 
on the ionosphere and, spread into other layers 
and the space in case of choosing a high 
frequency wave. 
In the studies carried out by Russian and 
Japanese academicians they have found many 
clues proving that the earthquakes are related  

 to propagation in the sub ionosphere 
[Molchanov et al. (1998)] [Muto et al. (2009)] 
[Shvets et al. (2004)]. 
The impacts on VLF signals are discussed in 
this study, one of the earthquake precursor 
methods. The environment of electromagnetic 
wave propagation is ionosphere. The purpose 
of  the  studies  carried  out  is  to  work  on  a  
complete ionosphere model. However there 
has not been an ionosphere model presented 
yet. Because the ionosphere cannot be 
completely modeled, statistical methods have 
been suggested and some studies have been 
performed on this for determining precursors 
of earthquakes. 
2. POSSIBLE FACTORS 
There are various parameters set off by 
earthquakes. The whole course of the action 
should be comprehended in order to present 
possible factors. 
The earthquake is a sudden and rapid shaking 
of the earth caused by the breaking and shifting 
of fault lines beneath the earth surface. This 
results in being able to observe the signs that 
are possible precursors of earthquakes by 
monitoring tension of the rocks [URL-2 
(2011)] [URL-3 (2011)]. 
Monitoring emissions of excessive unexpected 
radon  gas  in  the  cracks  or  breaks  in  the  fault  
lines can be defined as possible precursors of 
earthquakes [Saç and Camgöz (2005)] 
[Zmazek et al. (2002)]. Excessive emission of 
radon  gas  in  the  time  frames  prior  to  the  
earthquakes and the changing magnetic field of 
the earth present another method group of 
possible precursors [Liu et al. (2004)] 
[Hayakawa and Molchanov (2000)] [Yamauchi 
et al. (2007)] [Molchanov et al. (1998)]  
[(Karatay (2010)]. 
Magma movements setting off earthquakes and 
the movements of earth layers cause changes 
in  magnetic  field  of  the  earth  [[18](Sato  et  al.  
(2009)]. This change in magnetic field will 
have an influence on ionosphere height 
[Yamauchi et al. (2007)]. Height of ionosphere 
will determine reflection height of VLF sign 
and the unexpected changes in this will be able 
to be related to external factors. Changes in 
magnetic field of the earth will also have an 
impact on the ionization of ionosphere. 
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The propagation environment of 
electromagnetic signal is ionosphere. Electron 
density and ionization of ionosphere is directly 
related to losses on the signals. As presented in 
the studies change in electron density and 
ionization of ionosphere are in interaction with 
the earthquakes and ionizing effect of radon 
gasses is quite high [Zmazek et al. (2002)] 
[Karatay (2010)] [Muto et al. (2009)]. 
 
3. PREDICTION METHODS  
This section gives details of prediction 
methods which use VLF signals and 
Ionosphere characteristics. There are also some 
predicted earthquakes examples published in 
the literatures.  
 

3.1. VLF Signals-Ionosphere Relation 
Method 

Different methods have been suggested 
considering all factors affecting earthquakes. 
There are tens of studies performed on these. 
The main issue to be emphasized here is the 
relation between ionosphere and earthquake. 
The theory of loading the data of possible 
earthquake and transmission of  

 electromagnetic VLF waves by ionosphere 
with losses has been examined by several 
methods in the studies. 
3.1.1. Termination Time 
As  observed  in  the  studies  VLF  signs  
transmitted through ionosphere have certain 
characteristics in some time frames prior to the 
earthquakes [Molchanov et al. (1998)]. These 
characteristics start several days before the 
earthquake and go into amplitude several days 
after the earthquake.There are two prediction 
times  in  the  day.  One  of  them  is  sunrise  
prediction time ( )  and  the  other  one  is  
sunset prediction time ( ). These time frames 
are carried on electromagnetic waves with 
approximate 6-minutes accuracy. Prediction 
times are determined on the wave with 
constant amplitude transmitted by the 
transmitter and received by the receiver. 
The time when the electromagnetic wave in the 
receiver initially reduces down to the lowest 
value in terms of amplitude defines sunrise 
prediction time. And sunset prediction time is 
when it secondly reduces down to the lowest 
value [Molchanov et al. (1998)]. There is a 
graphic shown in Figure 1 regarding to sunrise 
and sunset amplitude times. 

	

	
Figure 1. Detection of termination time on electromagnetic waves 
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Epicenter of the earthquake’s being in Fresnel 
region will better reflect the impacts of sub 
ionosphere disturbances caused by seismic 
activities [Molchanov et al. (1998)].   
As observed in various studies, reliability of 
the results obtained by using prediction time 
data is higher than other methods. Results 
obtained from studies performed on phase and 
amplitude are more difficult than prediction 
time method and have less accuracy 
[Molchanov et al. (1998)] [Hayakawa and 
Molchanov (2000)] [Muto et al. (2009)]. 
[Molchanov et al. (1998)], in his studies stated 
that there are certain changes in time frames 
prior  to  the  earthquake  which  might  be  
considered precursors. The data from 7.2 
magnitude earthquake happened in Kobe 
Japan, happened in 17 Jan. 1996, were used in 
this study in [Molchanov et al. (1998)]. 
Prediction time method and data processing 
techniques in this study were used on VLF 
signals recorded during the earthquake 
[Molchanov et al. (1998)]. This earthquake 
happened on the transmission ways of the 
signals is also in Fresnel region which contains 
the effects in the best way possible. The region 
where the earthquake happened and 
electromagnetic wave network are shown in 
Figure 2. Fresnel region is an elliptic area for 
the focus of VLF transmitters and receivers 
[Molchanov et al. (1998)]. 
 

 
Figure 2. Receiver and Transmitter 

Stations, The Fresnel Area, The Earthquake 
Zone 

 Epicenter of Kobe earthquake is pointed in 
Figure 2 with a cross. Epicenter is at a 70 km 
distance to VLF sign propagation network. 
Seismic disturbances in Fresnel region will 
increase the impact of sub ionosphere on VLF 
signal propagation. As specified before and it 
has been presented in the study that a statistical 
analysis on prediction times provides more 
reliable results [Molchanov et al. (1998)].   
As a result of examinations characteristic signs 
on VLF signals are observed that start several 
days before the earthquake and remain for a 
few days after the earthquake. The results 
obtained from this study shows parallelism 
with the fact that characteristic changing 
period is about 10 days. Ionospheric changes 
are likely to be caused by ionized effects of 
radon gases before earthquakes, changes in 
electric field, condensing waves of the earth, 
geomagnetic activities or disturbances by 
seismic activities. Phase and amplitude values 
of radio signals from horizontal VLF signals in 
the world wave guide have been monitored in 
the studies. VLF waves depend on reflection 
height h and electron density of ionosphere’s D 
layer if the transmitter has a constant 
frequency and distance.  VLF signals sent by 
Omega station and recorded Inubo station are 
used In this study [Molchanov et al. (1998)]. 
In Figure 3 phase amplitudes are provided on 
the  graphic  for  the  days  before  and  after  the  
earthquake.  Prediction times indicate the 
lowest phase levels. Considering sunrise and 
sunset periods, shifting occurs in the prediction 
times when the signals have the lowest levels a 
few days before an earthquake. As seen in 
Figure 3 prediction times defining sunrise and 
sunset periods three days before the earthquake 
shift [Molchanov et al. (1998)].  
When statistically examined the values of 
( ) and ( ) and the equations in Error! 
Reference source not found. and Error! 
Reference source not found., shifting in 
prediction time of ( ) value is more 
significant [Molchanov et al. (1998)]. 
There will be some approaches indicating 
certain abnormalities occurred for the data 
obtained from Equation Error! Reference 
source not found. and days with values 
exceeding the level of the graphic. Prediction 
time exceeds the level of approximate 2 days 
before the earthquake in the study [Molchanov 
et al. (1998)].  
As seen in Figure 3 where obtained values are 
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presented, sunset prediction time presents more 
significant characteristics than sunrise 
prediction time.  

 
Figure 3. Detecting Termination time on signal phase data [Molchanov et al. (1998)] 
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3.1.2. 2 σ TEST 
Practice of statistical data distribution is an 
easy calculation method and also has been a 
subject of successful studies performed on 
clarifying earthquake data on electromagnetic 
wave. Processes are carried out over 
electromagnetic waves selected as data set. 
The data used in the processes can be phases 
and amplitudes of VLF signs. If the differences 
between phase or amplitude values and mean 
value are higher than a certain level then this is 
accepted as a precursor. Furthermore as 
observed in the studies changes in prediction 
time or fluctuations in night periods are 
subjected  to  some  tests  by  mean  values  )]  
[Hayakawa and Molchanov (2000)] [Muto et 
al. (2009)] [Yamauchi et al. (2007)] 
[Molchanov et al. (1998)].  
Either  ( )  or  ( )  given in  Figure  1  will  be  
determined as data set. Mean values will be 
calculated through data set. A value based on 
instant differences will be obtained by mean 
value. 

                                (1) 
 
It is the difference value given in equation 
Error! Reference source not found. and 
calculated by (2), prediction time values of  

 phase or amplitude to mean prediction time. 
With this equation prediction time and 
prediction times in selected range where the 
earthquake happens are calculated as an 
average [Yamauchi et al. (2007)]. 
 

                             (2) 
 
There will be some approaches indicating 
certain abnormalities occurred for the data 
obtained from Equation Error! Reference 
source not found. and days with values 
exceeding the level of the graphic [Molchanov 
et al. (1998)]. 
As observed in Figure 1, 2σ level is drawn for 
the average of all periods of values obtained 
for amplitudes or phases of the waves. 
Prediction time differences are graphically 
drawn and some tests have been performed in 
order to understand whether 2σ level was 
exceeded or not. As a result of the studies it 
has been presented that the difference between 
prediction time and mean prediction time 
exceeds 2σ level a few days before an 
earthquake [Molchanov et al. (1998)] 
[Yamauchi et al. (2007)] [Horie et al. (2006)] 
[Hayakawa et al. (2006)]. Furthermore studies 
indicate that period of oscillation is about ten 

  
days.  The  graphic  in  Figure 5 obtained by 
sunset prediction time present significant  

 abnormalities prior to the earthquake 
[Molchanov et al. (1998)]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. 2σ test for earthquake prediction with sunrise VLF data [Molchanov et al. (1998)] 
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Figure 5. Graphic of prediction times by 2σ level with sunset VLF data [Molchanov et al. (1998)] 

 
The evident increases in another study which 
indicates the relation between electromagnetic 
waves and the impacts of the earthquakes have 
certain characteristics. Various studies have  

 been carried out in order disturbances in sub 
ionosphere to be detected by VLF 
electromagnetic wave propagation. The  

suggested method in this study has calculating 
advantages from the structure of an integrated 
system. This is because any earthquakes 
happened in the large circle of receiver and 
transmitter has the influence changing the 
characteristic of VLF propagation. With using 
VLF data in complete scale studies about 
disturbances of seismic-ionosphere proceed in 
two ways. One of them is the study performed 
on the correlation between ionospheric 
disturbances and seismic activities. And the 
other one is about the relation between seismo-
ionic disturbances and large earthquakes. With 
the combination of both methods more explicit 
knowledge should be presented about 
characteristic, structural features, formation 
mechanisms and dynamics of the relation 
between the earthquakes and the transmission 
of electromagnetic waves  [Yamauchi et al. 
(2007)] [Hayakawa et al. (2006)] [Horie et al. 
(2006)].   
We can see the influence difference between 
the sunrise and the sunset prediction times 
when  we  compare  Figure  4  and  Figure  5.  is  
drawn up by the data of sunset prediction time. 

 This method is based on calculating amplitude 
and phase changes when sunrise and sunset 
periods and daily VLF signal reach the lowest 
level. Hayakawa in his studies and this change 
in prediction times indicate that abnormal 
prediction time shifting presents possible 
earthquake relation. The second method is 
analyzing of ascend and descend in ionosphere 
during the night [Yamauchi et al. (2007)]. The 
importance of atmospheric ground wave’s role 
in Lithosphere – Ionosphere coupling has been 
mentioned in various studies [Molchanov 
(2001)] [Yamauchi et al. (2007)].     
Ebino (JJI) transmitter signal data saved by 
Moshiri (MSR), Chofu (CHO), Chiba (CBA), 
and Kocki (KOC) recording station at Japan 
VLF Signal Networks, for analyzed 
earthquakes. Prediction time was used as 
analysis method. As clearly seen in the study 
carried out on Kobe earthquake sunset 
prediction time is more significant than sunrise 
prediction time in the morning [Hayakawa et 
al. (1996)]. Therefore we have focused on 
sunset prediction time. The data from 
transmitters  are  analyzed by MSR in  terms of  
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And Figure 5 is prepared by the data of sunrise 
prediction time. Studies indicate that 
earthquakes create more significant impacts on 
sunset prediction time shifting [Molchanov et 
al. (1998)]. 
VLF Prediction Time Analysis Method; In 
the study performed on the 6.8 magnitude 
earthquake happened in Niigata on 23rd of 
October, Japanese VLF network and data from 
VLF network were analyzed [Yamauchi et al. 
(2007)]. Two different analysis methods were 
suggested to define seismo- ionospheric 
disturbances.  The first is Prediction Time 
method.  

day prediction times [Yamauchi et al. (2007)]. 
The results for time shifting of abnormal days 
are presented in Table 1. The abnormalities in  
Previous studies also present the same results 
[Hayakawa et al. (2006)]. 7-minute shifting of 
JJY-MSR means the contraction of day period. 
The same situation is seen in JJY-KOC data. In 
addition to this the situation of JJI shows 30-
minute shifting in CBA. This decrease 
indicates extension of sunset prediction time 
and a longer period of a day [Yamauchi et al. 
(2007)]. 

  
Table 1. Observed shifting Termination Time 

Transmitter Receiver Termination  
Time 

Anomaly Shift 
(Min.) 

JJY MSR  
KOC 

Sunrise 
Sunrise 

Before 7 days 
Before 5 days 

+7 
+6 

JJI CHO 
CBA 

Sunset 
Sunset 

Before 6 days 
Before 7 days 

-20 
+30 

 

Prediction times define the lowest level that 
sign amplitudes reach during the day. 
Prediction times are shown in Figure 6. Sunset 
and sunrise happen in these time frames. The 
lowest level that the signal initially reduces is 
sunrise. The second lowest level shows sunset. 
Shifting in prediction times starting from  

 several days before the earthquake occurs in 
amplitude characteristic of this signal used as 
precursor of an earthquake. This shifting may 
occur backward or onward in time. There 
might be several reasons why time shifting 
happens. One of the reasons is the shifting 
caused by earthquakes as it is the subject of  

 
Figure 6. Sunrise and sunset Termination times [Yamauchi et al. (2007)] 

 
this thesis. The studies performed indicate that 
there is shifting in prediction times during 
several days before the earthquake happens 
[Molchanov et al. (1998)] [Yamauchi et al. 
(2007)]. ( )  and  ( ) moments defining 
prediction times can be observed for each day 
with 6-minute accuracy [Molchanov et al. 
(1998)]. 
3.1.3. Ionosphere Movement Analyze 
Decrease in Ionosphere; Activity of 
ionosphere is one the reasons changing 

 C indicates the amount of shifting in sub 
ionosphere. Ionospheric activity indicated by 
parameter C varies between 1 and 5 km. The 
dependency of shifting in prediction times on 
perturbation parameters was examined in this 
study. Time shifting occurred depending upon 
parameter C is shown in Figure 7. The moment 
when the parameter C is 0 (C=0) is shown with 
bold straight line. It is observed here that 10-
minute shifting time happens when C=5 km.  
Prediction time values examined here are for 
sunrise. As seen in Figure 7 solstitial occurs 
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characteristic of VLF signal transmission. 
There are studies defining decrease and 
increase in ionosphere during day and night. 
Their impacts on the earthquakes were taken 
into account in these studies. Mathematical 
model used is two-dimensional finite 
difference time domain [Taflove (2002)]. It is 
known that FDTD method can be statistically 
solved by Maxwell equations. Electron density 
and ionosphere during day and night are shown 
in equation Error! Reference source not 
found.. 

 
(3) 

The values in equation Error! Reference 
source not found. are for the daytime 

and  and, for 
nighttime  and . 
Ionosphere transition between day and night 
was considered to be smooth. Furthermore 
ionospheric disturbance is considered to be as 
in the equation Error! Reference source not 
found.  [Yamauchi et al. (2007)]. 
 

                         (4) 
 
Depending on epicenter and location of the 
transmitter the equation is as follows: 

. The  horizontal scale is 
considered to be 200 km. Epicenter will be 

  right above ionosphere. Parameter  

ten minutes earlier than its regular period. This 
results in extension of daytime. The exact 
opposite situation can be applied to increase in 
ionosphere [Yamauchi et al. (2007)].  
Using traditional methods based on calculation 
of rock activity is quite common in prediction. 
However it can be concluded that the systems 
based on mechanical measurements are not 
very useful in short-term predictions. Thus a 
new prediction method has been presented 
through electromagnetic effects. A large 
number of evidence has been collected 
defining the relation between electromagnetic 
phenomenon and major earthquakes in large 
frequencies. While the data from mechanical 
effects provide long-term information on the 
earthquakes, electromagnetic waves give short-
term information. It has been observed in the 
studies performed within the last ten years that 
seismic impacts unexpectedly have extremely 
sensitive effects on ionosphere  [Hayakawa 
(2008)]. 
In the study performed by Hayakawa in 2008, 
amplitude values of nighttime were obtained 
by averaging 30-day data range including the 
earthquake.  
The following conclusions have been reached 
in the studies  [Hayakawa (2008)]:  
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Figure 7. Shfting Termination time 

 
§ Nighttime amplitude presents significant 

decreases 2-5 days before the earthquakes. 
6 magnitude or over earthquakes also 
exceed this decrease value.  

§ Excessive fluctuation in nighttime in 
seismic activities with 6 magnitude or over 
earthquakes can be observed. 

The period of nighttime and the graphic drawn 
depending on amplitudes of signals transmitted 
at night are shown in Figure 8. The value in the 
graphic was exceeded in several days before 
particularly major earthquakes  [Hayakawa 
(2008)].  
The characteristic in Figure 8 can be put forth 
if it is applied on wavelet analysis dA and 
cross-correlation analysis is performed on VLF 
signals. The wave spreads outward from 
epicenter and wave speed is greater than 20 
m/s  [Hayakawa (2008)]. The earthquakes 
happened in Japan have been analyzed in 
another study based on characteristic changes 
in ionosphere caused by large earthquakes 
[Muto et al. (2009)]. There are several studies 
examining Lithosphere-Ionosphere connection 
on seismo-electromagnetic relations.  
Target Earthquake and Analysis Period; 
Four-month period was analyzed for the 7.2 
magnitude earthquake happened in 36 km  

 depth in Miyagi-oki on 16th of August 2005.  
There were many aftershocks during the period 
of time after the main earthquake. 

 
Figure 8. Exceed the 2σ level 

The epicenter of these earthquakes is often on 
pathways of VLF signals [Muto et al. (2009)].    
The amplitudes of VLF signals obtained every 
two minute were analyzed.  

                      (5) 
 given in the equation Error! Reference 

source not found. indicates amplitude value of 
the signal based on the time.  
reference value is the signal obtained by 
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daily averages of t moments. 

 
Figure 9. Observed perturbations before earthquakes 

 
It is considered that characteristic disturbance 
can be prevented by this method instead of 
standard averaging. Data of nighttime were 
used considering prediction times. Amplitude 
value of nighttime was calculated as the 
average of all nighttime  [Muto et al. (2009)].    
As  can  be  seen  in  the  graphic  in  Figure  9  an  
observable disturbance is present prior to the 
earthquakes. Graphic indicated by red lines in 
Figure 9 is calculated dA(t) value. Vertical 
green and red bars on top of the graphic 
provide information on time and magnitude of 
the earthquakes happened. As can be observed 
light blue horizontal line is pushed when the 
large earthquakes happened. Likewise the dark 
blue line is exceeded at large earthquakes. It is 
seen in the statistical analysis the values and 
limits calculated several days before the 
earthquakes were exceeded [Hayakawa 
(2008)].   
 
3.2. Earthquake	–	Total	Electron	

Content	Relations	Method		
Propagation environment of electromagnetic 
waves is ionosphere. It is known that 
ionosphere undergoes characteristic changes 
before earthquakes [Molchanov et al. (1998)]. 
We might be able predict earthquakes if we 
can characteristically monitor these changes. 
Being able to monitor ionosphere’s electron 
content helps designate precursors of an 
earthquake. There are several methods to make 
a prediction based on Ionosphere’s Total 
Electron Content (TEC). 
 
3.2.1. Correlation	Analyze	
Correlation analysis is a method used to 
explain the impacts of seismic activities of the 

 method is applied on electron density variable. 
The data obtained from ionosonde or GPS can 
be  studied  on  the  days  which  are  
geomagnetically still or complex. The data 
from ionosonde and GPS networks were used 
in the studies in the literature to find the 
change in electron density. There were two 
measuring points in the analysis. One of them 
is “receiving-sensor” in the area became 
affected by earthquake and the other one is 
“controlling-receiver” out of the area not to 
become affected by earthquake. The data of 
critical frequency and vertical total electron 
content (VTEC) were collected in equal time 
intervals for sample days. (C) Daily cross 
correlation coefficient was calculated by 
Error! Reference source not found. equation 
[Kouris (2006)] [Pulinets (2004)] [Karatay 
(2010)]. 
 

        (6) 
 
Numbers 1 and 2 given in the equation Error! 
Reference source not found. represent the 
stations. Arithmetic mean of critical 
frequencies gives us af critical frequency. This 
equation is shown in Error! Reference source 
not found.. Standard deviation value is 
obtained in the equation Error! Reference 
source not found.. 
 

                                        (7) 
 

                           (8) 
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earth on ionosphere layer. Correlation analysis   
With reference to the equation Error! 
Reference source not found. and with the 
data from Petropavloskna “receiving-sensor” 
and Magadan “controlling-receiver” located in  

Russia active seismic zone several earthquakes 
were examined happened in Taiwan and Japan, 
Western Pacific region; the far east of Russia. 
For critical frequency autocorrelation 
coefficients were separately calculated and 
cross correlation coefficients of both stations 
were calculated starting from January 1974. It 
was monitored that cross correlation 
coefficients in two time intervals reduced 
under 0.9 for a 120-day interval within the 
days  varying  between  1  and  7  before  the  
earthquakes [Kouris (2006)] [Pulinets (2004)] 
[Karatay (2010)]. 
 
3.2.2. Interquartile Range  
Disturbances on the earth were analyzed by 
continually recording total electron content. 
Inclined Total Electron Content was calculated 
with electromagnetic waves recorded by 
receivers of Global Positioning System every 
30 seconds [Liu et al. (2004)].  
In the studies 20 earthquakes (M=6) happened 
in Taiwan between September 1999 and 
December 2002   were analyzed with 
interquartile range [Liu et al. (2004)]. VTEC 
value was calculated in 15-day time period 
before the earthquake.  
The data used were obtained from Chung-Li 
ionosonde station and Yang-Ming-San GPS 
station (25.3° K, 120° D) [Liu et al. (2004)]. 5 
days before the earthquake VTEC anomaly 
was observed in 16 earthquakes out of 20.  
 
3.2.3. Total Electron Content (TEC) 

Differentiation Analysis  
Kp-index and TEC changes depending on solar 
winds were analyzed in the study performed by 
TEC differentiation analysis [Plotkin (2003)]. 
Earthquake day and still-complex day analysis 
were done in the study. 
These analysis were evaluated in parallel with 
the  data  of  complex  and  still  day  and  the  
impacts of the earthquake were examined. The 
sources of the deviations occurred on 
earthquake days were determined. Absolute 
TEC values from six receivers were used in 
this study [Plotkin (2003)]. Depending upon 
daily Sun cycle effective value was calculated 
for TEC time series in a few-hour time period. 

                 (9) 
 
The data from two stations located out of 
impact area of the earthquake and four stations 
affected by the earthquake were used. 
Calculation dTEC in the equation Error! 
Reference source not found. was carried out 
for all stations. Daily variation curve was 
drawn for the differences of the stations 
located in and out of the impact area. 
Characteristic decreases in the stations located 
in the impact area were detected 2 days before 
the earthquake for both of the curves. 
 
4. CONCLUSION 
There are a lot of recent prediction methods, 
that use relationships between earthquake and 
ionosphere, presented to guide finding 
precursors of earthquakes.   
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Abstract: Machining techniques in the industry generally, modern processing techniques, that come between wire 
discharging machine, especially mold, defense, aircraft and aerospace industry, is often used. Processing, which is 
difficult with conventional manufacturing methods, the complex surface forms, the different material types, hard 
and is capable of handling high dimensional accuracy and surface roughness [1]. This manufacturing technique 
were carried on Uddeholm Sleipner cold-work tool steel, variable parameters with On time duration, feed rate, 
and the current value, as fixed parameters off time duration, voltage, pressure of fluid circulation, velocity of wire, 
wire tension and wire diameter. Surface roughness of the surface was shown changes as a result of the 
experimental parameters, diameter and circularity deviation values were studied. 
 

Keywords: Surface roughness, wire electro discharging machining operation, Sleipner cold work tool 
steel   
 
1.INTRODUCTION 
Wire discharge machining method, which is 
one of modern processing techniques, located 
within the dielectric fluid in a continuous 
stream from the work piece based on a brass or 
bronze wire arc cutting the material removal 
by means of the principle of non-contact 
method of working with energy flow. Arc is 
contained in the amount of power varies 
depending on the amount removed from the 
chip. Work pieces need to be conductive 
material  for machining at wire discharge 
machine, however, hardness values are not 
affect the ability of chip removal and 
indispensable, especially generalized the mold 
making industry has been one to use. Hardened 
work pieces with complex geometries have 
precision dimensional tolerances during 
machining, although it is possible to achieve 
the desired surface roughness values. As 
shown in Figure 1 and do not have the classic 
processing geometric patterns, straight or 
angled forms can be machined with high 
precision, free of burrs in the surface 
roughness. It is not further possible to 
implementation of the geometric forms by  

  
conventional machining methods. In reviewing 
the literature, Khan and Saifuddin[3],  were 
examined wear of copper and aluminum 
electrode, on stainless steel and carbide formed 
during processing electro-erosion. 
 

 
Figure1. Sample cutting with wire electro 

discharging machine [2] 
As a result of the study shown that aluminum 
electrode was left a smoother surface than 
copper electrode, on stainless steel and carbide.  
Guu [4], was worked on imaging surface of 
implemented electro discharge machining AISI 
D2 tool steel by atomic force microscopy  

mailto:iskender@aksaray.edu.tr
mailto:aakkurt@gazi.edu.tr
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(AFM). Prabhu ve Vinayagam [1], was 
researched AISI D2 tool steel material surface 
characteristics implemented electric discharge 
Machining process with Single wall carbon 
nano tubes.  Observed that the surface 
roughness and micro-fractures increased 
proportionally with the power. 
Ay and Aydoğdu [5] were worked 
experimental investigation of the effects of 
cutting parameters on the dimensional changes 
of the part size, by wire erosion technique. 
Wire erosion technique cutting parameters 
were optimized by Taguchi optimization 
technique and with predictive values reached 
regression model. Medfai et al. [6], studied 
electro-modeling parameters of the effective 
cutting on erosion technique. Electrode wire 
erosion process as a basis, the work piece, 
dielectric fluid, as the number of pulses 
generated by current and voltage are able to 
shown [7]. During to continuously flow of the 
wire, the arc is discharged through the 
dielectric fluid on the material. Electrical 
discharge process, where applied on material 
particle rupture that occurs depending on the 
density of population. Electrical discharge 
creates impact pressure that away the molten 
material ensued dielectric blast, and most of 
need to be evacuated over the material 
removes particles [8]. Residues the nature of 
the crater has the effect of surface roughness. 
In addition, U and V coordinates of the upper 
nozzle are sliding with the angle by cutting 
part of providing great flexibility to allow the 
reshape of the work piece [9]. The principle of 
the wire erosion is shown in Figure 2. 
 

 
Figure 2. Schematic of wire erosion process 

[10] 
Machine manufacturers cannot be expected to 
give processing parameters all kinds of the 
material. Therefore, manufacturers share 
common steel processing parameters with 
users [11].So, processing parameters are 
expressed as tool steels, and tool steel grades 
overlooked. Known as cold work tool steel 
industry, which is one of Uddeholm Sleipner  

 tool steels, cold work tool steel with respect to 
steel degrees in various areas productions 
successfully implemented. Cutting of hard and 
thin sheet metal in industrial applications (such 
as patterns of lamination) and used in making 
molds requires high lifetime and low-
maintenance processes. Metal cutting and 
forming applications of up to 3mm iron and 
steel plants, in short, used in sheet metal 
forming. Sleipner tool steel, due to the 
frequency of usage locations, used in 
applications where the high abrasion resistance 
required. Industrial applications, known as 
chipping, micro-cracks in the edge of running 
the tools and are mainly grown in a short time 
with  each  other  to  cause  the  breaking  of  
combining high resistance against cutting the 
corner piece [12], high toughness, the high 
compression strength, good resistance to 
tempering and surface processes that require 
compliance with used in applications where 
[13].In this study,  wire EDM pulse on time, 
table feeding, and the current value of the 
parameter values for on Sleipner cold work 
tool steel material were investigated. 
Parameters, pulse off time, voltage, fluid 
circulation pressure, wire speed and wire 
diameter of the experiments were carried out 
according to fixed parameters. As a result of 
experiments, surface roughness, dimensional 
accuracy and the amount of deviation from 
circularity values were measured and 
evaluated. 
 
2. EXPERIMENTAL STUDIES 
2.1. Materials and Specimen Preparation 
 
Experimental study of the material used in the 
Sleipner Uddeholm cold work tool steel 
chemical composition of the product is given 
in Table 1.Sleipner degree of tool steel in the 
manufacturing sector are chosen often used in 
such as long lasting and multi-purpose sheet 
metal forming and plastic injection mold. The 
materials used are processed from ingot 
material was then surface leveling. Parallelism 
of the specimens was applied only after the 
pilot hole for WEDM. 

Table 1. The chemical composition of 
Uddeholm Sleipner cold work tool steel 

material, (% ratio) 
 

C Mn Cr Mo V Si 
0,90 0,5 7,8 2,5 0,5 0,90 
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High wear resistance, high resistance to 
bending rim, high toughness, good 
compression strength, high hardness, resistance 
to tempering heat treatment, the high 
dimensional stability, as well as good out of 
wire erosion technique in the literature 
regarding the processing of this material has 
been important factor in the selection of 
material related to the absence of much 
research. Sleipner cold work tool steel 
hardness is 225 HV. The physical properties of 
the product are shown in Table 2. 
 

Table 2: Physical properties of Uddeholm 
Sleipner cold work tool steel 

 

 
30x240x24 mm prepared test samples are 
shown in Figure 3. 

 
Figure 3. Experimental specimen 

Wire erosion with the image taken during the 
experiment shown in Figure 4. 

Temperature °C 20 200 400 

Density (g/cm3) 7,73 7,68 7,60 

Coefficient of 
thermal 

expansion 
- 11,6x10-

6 
12,4x10-

6 

Thermal 
Conductivity 

(W/M°C) 
- 20 25 

Modulus of 
elasticity (MPa) 205000 190000 180000 

Specific Heat 
(j/Kg °C) 460 - - 

 

 
 

Figure 4. Form of the experimental wire 
electro discharging machining 

 
Ø 0,30 mm diameter CuZn40 brass electrode 
,tensile strength of 1000 N/mm2, wire used in 
wire electro discharging  machine. 
 
2.2. Drilling Operations 
Experimental study is executed on Makino 
U32 model device and machine specifications 
are shown in Table 3. 

 
Table 3. U32 Makino wire EDM model 

specifications 
 

Working range 
(mm) 

Accuracy  
          (mm) 

X=350 Y=250 
Z=220 U=+/-15           

V=+/-15 
0,002 

 
The effect of processing wire erosion 
machines, on time duration, feed rate, and 
current values are set to indicate 10% 
variability. The base values, Makino machine 
manufacturer that we use an experimental 
study, the values given for the processing of 
tool steels. But some of the values given by the 
top or bottom values of the parameters of the 
machine supported because they constitute the 
base values could not be the middle value. The 
machine manufacturer's values, variable values 
and a list of constant values are shown in Table 
4. 
  

 
 

Table 4. The parameters used in the experiment 
Fixed Parameters 

Velocity Of Wire, VW (m/min) 12 Off time (μs) 17 
Wire dimension, WD (mm) 0,3 Voltage, V, (V) 40 

Wire Tension, WT (kg) 9 Circulating cooling fluid pressure, 
CP  (kg/cm2) 

5 
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Variable Parameters 
 

On time  (μs)  
(on time is variable. 

Current 34 A and feed 
rate 4,75 mm/min  

parameters are 
choosen) 

12,39 Feed rate (mm/min) 
(Feed rate is variable. 

On time15 μs and 
Current 34 A 

parameters are 
choosen) 

4 
13,77 4,45 
15,3 4,95 
17 5,5 

Current (A) 
(Current is variable. 
On time 15 μs and 
Feed rate 4,75 
mm/min parameters 
are choosen) 

28,43 Machinery manufacturer suggested parameters 
31,59 On time  (μs) 17 
35,1 Feed rate, SF 

(mm/min) 
5,5 

39 Current, IP (A) 39 

 
 
Values determined for experiments were 
executed all specimens as Ø16mm hole forms 
for  each  variable  is  given  and  a  total  of  12  
holes as 3 patterned on 4 distinct specimen 
groups  processed, and these measurements 
were investigated in holes (dimensional 
deviation, circularity deviation and average 
surface roughness) were included.Graphics 
formed the data obtained from experiments. 
After finishing machining, holes and the 
surfaces was measured by the CMM 
(Coordinate Measuring Machine) with the 
diameter of the hole geometry of the amount of 
deviation and deviation from circularity. Hole 
surface  roughness  was  measured  with,  the  
surface roughness the device. The measured 
parameters are given in Table 5 below. 
 
3. EXPERIMENTAL RESULTS AND 
DISCUSSION 
 
3.1. Assessing the Quality Surface  
In experimental study, against the varied 
parameters, removed different amount of chips 
and different temperature values intensities 
were constituted .The reason why is unable to 
leave the particles are fully determined, and 
this has resulted in the formation of the 
topographical surface structure differences. 
Depending on the values of the parameters 
used in the experiment of the surface 
roughness (Ra) charts are presented in the 
chart below. 
 
 
 
 
 

 

 
 

Figure 5.  Effect of surface roughness against 
on time duration (IP : 35,1A - SF:4,95mm/min 

- V:40V  - Off time:17μs -  CP: 5kg/cm2 - 
VW: 12m/min - WD: 0,3mm - WT: 9kg) 

Proportional increase in surface roughness 
with the increase of on time duration in Figure 
5  is  shown.  Although  a  10%  increase  the  
variable parameter the on time duration, the 
first 1%, the other is the increase in the amount 
increased by 8% and 5% on results. Increase 
the size of the crater of on time duration 
increases, so also means increasing roughness. 
Graphics also defends this thesis. 
 

 
Figure 6. The effect of surface roughness 

against feed rate (IP : 35,1A – On time: 15,3μs 
- V:40V  - Off time:17μs -  CP: 5kg/cm2 - 
VW: 12m/min - WD: 0,3mm - WT: 9kg) 
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Table 5. The results of experiments parameters depending on the WEDM 
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TS-1-1 4,95 35,1 15,3 0,013 0,002 2,83 

TS-1-2 0,009 0,004 2,882 
TS-1-3 0,021 0,013 2,809 

TS-2-1 4,45 35,1 15,3 0,004 0,014 2,795 

TS-2-2 0,009 0,004 2,909 
TS-2-3 0,014 0,006 2,697 

TS-3-1 5,5 35,1 15,3 0,025 0,016 3,021 
TS-3-2 0,26 0,019 3,004 

TS-3-3 0,19 0,007 3,012 
TS-4-1 4,95 31,59 15,3 0,013 0,001 2,627 

TS-4-2 0,018 0,004 2,751 
TS-4-3 0,021 0,06 2,561 

TS-5-1 4,95 39 15,3 0,016 0,005 2,923 

TS-5-2 0,023 0,004 2,914 
TS-5-3 0,02 0,009 3,005 

TS-6-1 4,95 35,1 13,77 0,007 0,008 2,844 
TS-6-2 0,003 0,003 2,633 

TS-6-3 0,007 0,012 2,4 
TS-7-1 4,95 35,1 17 0,012 0,005 2,986 

TS-7-2 0,023 0,007 2,863 
TS-7-3 0,024 0,011 2,716 

TS-8-1 4,95 28,43 15,3 0,016 0,028 2,621 

TS-8-2 0,027 0,037 2,577 

TS-8-3 0,025 0,029 2,519 

TS-9-1 4 35,1 15,3 0,008 0,011 2,729 

TS-9-2 0,009 0,006 2,729 

TS-9-3 0,005 0,008 2,718 

TS-10-1 4,95 35,1 12,39 0,006 0,006 2,564 

TS-10-2 0,005 0,008 2,588 

TS-10-3 0,005 0,007 2,578 
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At figure 6, surface roughness value of table 
feeding  2%,  1%  and  6%  increase  in  is  
observed. Means that the cutting speeds of feed 
rate. So how much slower the cutting speed, 
surface roughness could be obtained by a cut in 
the more critical. Against the parameters, that 
the rate of increase of surface roughness on the 
precision represents the cold work tool steel. 
 

 
 

Figure 7. The effect of surface roughness 
against current value (SF:4,95mm/min – On 
time: 15,3μs - V:40V  - Off time:17μs -  CP: 

5kg/cm2 - VW: 12m/min - WD: 0,3mm - WT: 
9kg) 

Figure 7 shows 2%, 7% and 1% increase were 
considered the effect of surface roughness in 
raises  the  current  of  the  main  power  
machine.Despite a 10% increase in the 
parameter, the values remained below the rate 
of increase in these values. In addition, Lower 
values was observed that less roughness. 
Increase the the current level means increase 
applied power , but higher level of power 
revealed not show the same sensitivity to 
roughness.Generally speaking, wire EDM 
machines, against the varying parameters, 
surface roughness usually proportionally rise. 
 
3.2. Evaluation Of Dimensional Accuracy 
And Circularity Deviations 
Material machining, product design is 
considered to achieve the desired geometric 
tolerance, and in the process of making it the 
first time to perform the operation and the 
biggest target of the manufacturer. This way 
will increase work efficiency, reduced 
undesirable expenses and losses. Experimental 
studies, the tolerance values obtained from 
different cutting speeds are shown graphically 
in Figure 8. 

 

 
 

Figure 8.  The effect of surface roughness 
against on time duration (IP : 35,1A - 

SF:4,95mm/min - V:40V  - Off time:17μs -  
CP: 5kg/cm2 - VW: 12m/min - WD: 0,3mm - 

WT: 9kg) 
Parameters as in Figure 8 analyze the 
individually with on time duration value, 
increase of 20% at the beginning and following 
varies increase of 42% and 133% was seen. Up 
to 14% after increase of deviation from 
circularity, the increase in the second and the 
third parameter  the amount has increased by -
25% and 33%. Therefore, increasing on time 
deviation from circularity of such a tendency 
was observed to increase the not observed 
diameter deviation .However, the value 
obtained during 15,3 μs, the formation of a 
better level than the other data are noteworthy. 
 

 
 

Figure 9.  The effect of surface roughness 
against feed rate (IP : 35,1A – On time: 15,3μs 

- V:40V  - Off time:17μs -  CP: 5kg/cm2 - 
VW: 12m/min - WD: 0,3mm - WT: 9kg) 

Values increase in Figure 9, the feed rate from 
4.45 mm/min value to 5.5 mm/min value, an 
increasing is observed around 1028% at 
diameter of deviation. This increase in value in 
advancing the critical threshold value table 
shows that in this range. The circularity 
deviation values are not show certain stability 
appears as a graphic and 4.45 mm/min value of 
the most successful results obtained from the  
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observed value. Deviation diameter 4.45 
mm/min to 5.5 mm/min during the transition 
from  a  value  of  133%  increase  was  seen  that  
this value is between these two values 
indicates the critical threshold. 

 
 

Figure 10.  The effect of surface roughness 
against current (SF:4,95mm/min – On time: 

15,3μs - V:40V  - Off time:17μs -  CP: 
5kg/cm2 - VW: 12m/min - WD: 0,3mm - WT: 

9kg) 
Figure 10 shows the increase of current 
parameters, before the amount of deviation of 
diameter decrease of 5% and 37%, then an 
increasing in the amount of 42% is observed. 
Despite the increase in the value of deviation 
from circularity parameter of around 46% and 
65% reduction seen in the status of the value of 
39A and maintains this value. 
In this case, around the current 35.1 A in the 
case of both types of deviation from the current 
parameter form the most ideal value. Looking 
at the increasing values of some parameters 
which were obtained from graphs of deviations 
observed increases or decreases.Thus would 
not be accurate deviations from making 
judgments on the overall. Compared to normal 
micro-structure of the material with a cut after 
cutting edge micro-structures are not a 
significant change. Hardness of the material, 
prior to the cutting process 225 HV, while the 
measurement of hardness increased to 241.4 
HV after cutting. These measurements before 
and after the cutting around approximately 
6.45% has been observed that a very small 
increase in rate. Analyzed images of the 
surface microstructure of machined material, 
the surrounding regions very close to the 
cutting site,due to the structural changes 
induced by heat quickly cooled down to the 
stiff structure, composed of fragility. It was 
revealed that be limited to a region near the 
surface of the cutting. Towards the main 
structure of the surface, the hardness reduction  

 is observed. 

 
 

Figure 11. After the operation, the view of the 
material microstructure 

Different heat and cool down during the 
implementation of the different effects of 
cutting parameters, has important effects on 
the metallurgical properties of the material 
examined. Compared with other cutting 
methods in the literature with wire EDM 
cutting of the material is limited to almost no 
change in mechanical properties. Micro-
structure changes , depending on the heat 
affected zone and facing high temperature and 
instant  cooling    wide  of  the  regions  in  the  
material are important [14].  
Investigated between the eight different 
methods, heat affected zone evaluation will be 
conducted on the basis of changes in micro-
structure if the method is the most negative 
"oxygen flame cutting" is the most positive 
method of AWJ (Abrasive Water Jet) is seen. 
Among the methods used, with oxygen flame 
cutting method, the maximum change in 
hardness of the material caused by the negative 
method is regarded as the highest. Different 
methods, depending on the effect on 
metallurgical properties of the material after 
cutting are also changing the mechanical 
properties of the material. In experimental 
studies confirm different the measured 
hardness values in different ways cut surfaces, 
from the original values of the materials. All 
cutting methods applied to the material causes 
a change in hardness. Methods are also 
different depending on the characteristics of 
hardness changes. This change depends on the 
cooling conditions and the temperature of the 
heat generated during cutting. In this study, the 
cutting parameters  selected (IP : 35,1A - 
SF:4,95mm/dak - V:40V  - Off time:17μs -   
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CP: 5kg/cm2 - VW: 12m/dak - WD: 0,3mm - 
WT: 9kg)  from the hole toward the center of 
the cutting edge of the material from 1mm to 
10mm intervals (obtained from the parameters 
selected from six to twelve randomly over the 
hole) which has been obtained by 
measurements of the arithmetic mean value is 
taken. Founded values  in Figure 12 are given. 

 
 

Figure 12. Cutting edge to the center, the 
hardness variation 

Cutting method, depending on the hardness of 
the center of the surface changes were 
evaluated taking into consideration width of 
heat affected zone, a change can be considered 
almost non-existent with the cutting method 
AWJ observed that the most effective method.  
Abrasive water jet cutting method was not 
occurred heat affected zone and this method 
clearly is shown once again, the cutting can be 
done without causing any change in 
mechanical properties of metallurgical 
materials. Laser and plasma methods is shown 
as the biggest competitor of AWJ cutting, the 
surface hardness in the center of the heat 
affected zone constant change is wider than the 
method indicates AWJ. This condition AWJ of 
according  to  this  method  seems  to  be  a  
significant advantage in [15]. Thermal cutting 
methods  in  the  light  of  all  this  data  in  the  
minimum affecting the mechanical properties 
of materials, wire edm is no doubt that of 
cutting method. 
 
4. CONCLUSIONS 
Cold work tool steel wire EDM drilling 
experiments with different parameters on the 
values obtained in the light of the conclusions 
reached are summarized below. 
Based on studies on Sleipner cold work tool 
steel of 15.3 μs 13.77 μs on time values 
generally were obtained more positive results. 
the use of a parameter between the two values 
Will bring showed successful results. 

 Increase in feed rate parameters examined in 
general, there was an increase proportionally 
the roughness and deviations. from 4.95 mm / 
min to 5.5 mm / min was observed that 
however the increase extremely high the 
results obtained during. The critical threshold 
parameter between these two values is 
understood and the optimum usage 4.45 to 
4.95 mm / min, is envisaged to. 
The increase of current parameters, surface 
roughness increased, but decreased deviation 
from circularity. Not show a steady increase or 
decrease in diameter but the deviation of 35,1 
A was  the  most  successful  results.  In  general,  
35,1 A appears as the most ideal parameter . 
Analyze the the system overall, the use of the 
variable parameters chosen directly affects the 
quality of the surface characteristics and values 
and how important it is shown that selection 
optimum conditions. 
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Abstract: Magnesium is the lightest structural metal. Magnesium alloys have a hexagonal lattice structure, 
which affects the fundamental properties of these alloys. Plastic deformation of the hexagonal lattice is more 
complicated than in cubic latticed metals like aluminum, copper and steel. Magnesium alloy developments have 
traditionally been driven by industry requirements for lightweight materials to operate under increasingly 
demanding conditions. Magnesium alloys have always been attractive to designers due to their low density, only 
two thirds that of aluminium and its alloys [1]. The element and its alloys take a big part of modern industry needs. 
Especially nowadays magnesium alloys are used in automotive and mechanical (trains and wagons) manufacture, 
because of its lightness and other features. Magnesium and magnesium alloys are the easiest of all metals to 
machine, allowing machining operations at extremely high speed. All standard machining operations such as 
turning, drilling, milling, are commonly performed on magnesium parts. 
 
Keywords: Magnesium alloys, Lightweight metal,  Machinability 
 
 
 
1. INTRODUCTION 
 
Magnesium is the lightest of all design metals. 
It’s light in weight just like a plastic material 
and also tough like a metal. It’s high specific 
toughness and rigidity, good machinability, 
castability and weldability with known 
methods are maked it attractive for industry. 
The use of magnesium, which is the latest 
metal of our age, is increasing in parallel with 
the advances in industry and technology. Due 
to its lightness, durability and long life, its 
usage is increasing in the industries. [2] 

 
During the last years the application of 
magnesium and its alloys were grown many 
times in kinds of industry. This is due to 
numerous characteristics of the metal regarded 
to herein, which permit its use both as a 
structural element, and as a chemical addition 
to other metal alloys [3]. The metal is lighter  

  
 
than aluminum and has bigger tensile strength 
than steel. That is the reason for its necessary 
metallurgy using. 

 
Magnesium and magnesium alloys are 
nonferrous metals with low density, good 
ductility, moderate strength and good corrosion 
resistance. When used an alloying agent, they 
can improve the mechanical, fabrication, and 
welding characteristics of aluminum. Some 
magnesium and magnesium alloys are used as 
lightweight materials in vehicles such as cars 
and trucks [4]. These magnesium alloys have a 
relatively low density and can help improve 
fuel efficiency.   
Magnesium and its alloys has been used for a 
wide variety of applications, namely from the 
reason of their low density and high strength–
to–weight ratio.  
Low inertia, which results from its low density, 
is advantageous in rapidly moving parts. The  
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use of materials with low specific weight is an 
effective way of reducing the weight of 
structures. Magnesium alloys are used 
lightweight metallic materials as they offer a 
number of different interesting mechanical and 
thermal properties. [5-9]. Despite being the 
lightest structural metal, magnesium alloys 
exhibited poor machining at low temperatures 
due to their hexagonal closed-packed crystal 
structure, consequently required them to be 
processed at elevated temperature. Their highly 
affinity to oxygen lead them to an easy 
oxidation [10].  
Magnesium with its good strength to weight 
ratio is one of the candidate materials to realise 
light weight construction, but it has to compete 
with various other materials [11]. So the 
different light metals have to compete not only 
with each other, but also with polymers and 
steels. Materials selection is thereby 
determined by economical issues as much as 
by materials and components characteristics or 
properties [12].  
 

 
Figure 1. Number of scientific articles,  values 

are from Cambridge Scientific Abstracts 
database, were termed AZ91 or AZ31 in the 

abstract [13] 
The uses of magnesium alloys have been 
increasing recently so scientific studies are 
becoming increasingly important. Given in 
Figure 1, number of scientific articles which 
have terms AZ91 or AZ31 in the abstract.  

 However magnesium shows high potential to 
substitute conventional materials. Magnesium 
alloys  should  be  used  in  applications  where  
low mass and high specific properties are 
required. According to the combination of 
specific Young’s modulus and high specific 
strength magnesium alloys show similar or 
even better values than aluminum and many 
commercial steels (fig.2) [14]. 
It also has considerably low melting 
temperature of 649 0C, slightly lower than that 
of aluminum. Magnesium alloy is one of the 
lightest materials and is attractive in many 
applications such as aircraft engines, airframes, 
helicopter components, cars, light trucks, 
automotive parts, computers and so much more 
[10]. Mg alloys, like other alloys with 
hexagonal closed-packed (HCP) crystal 
structures [16], are much more workable at 
elevated temperatures than at room 
temperature. The advantages of Mg, among 
other, tougher than plastic, better damping 
capacity as compared to cast iron and 
aluminum, electromagnetic interference (EMI) 
shielding than that of plastic, heat dissipation 
much higher than that of plastics, absorb 
vibration energy effectively and recyclability 
[17]. 
 

 
 

Figure 2. Comparison of specific Young’s 
modulus and strength of different materials 

[14] 
 

 
Table 1. Physical properties of Mg, Al, and Fe [15] 

Property Magnesium Aluminium Iron 
Crystal structure hcp FCC Bcc 
Density at 20°C (g/cm3) 1,74 2,70 7,86 
Coefficient of thermal expansion 20–100°C (×106/C) 25,2 23,6 11,7 
Elastic modulus [Young’s modulus of elasticity] (106 Mpa) 44,126 68,947 206,842 
Tensile strength (Mpa) 240 for (AZ91) 320 for (A380) 350 
Melting point (°C) 650 660 1536 
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2. METALLURGY OF MAGNESIUM 
ALLOYS 
Magnesium (Mg), its atomic number is 12, is 
the lightest among the metals for structural 
application. Magnesium is the lightest of all 
the engineering metals, having a density of 
1.74 g/cm3. It is 35% lighter than aluminum 
(2.7 g/cm3) and over four times lighter than 
steel (7.86 g/cm3). The physical properties of 
Mg,  Al  and  Fe  are  given  in  Table  1.  
Magnesium is the eighth most common 
element. It is produced through either the 
metallothermic reduction of magnesium oxide 
with silicon or the electrolysis of magnesium 
chloride melts from seawater. Each cubic 
meter of the sea water contains approximately 
1.3 kg (0.3%) magnesium [15]. 
Magnesium alloys names are often given by 
two letters following by two numbers. Letters 
tells main alloying elements (A = aluminum Z 

 In the last decade, the AZ series cast 
magnesium alloys, especially the AZ91 alloy, 
have been extensively studied and used for 
some structural components of automobiles, 
aircraft, and computers, because of high 
specific strength and good castability  [16-19]. 
Commercial cast magnesium alloys for 
automotive applications are AZ and AM series 
alloys (AZ91D, AM50A, and AM60B). These 
alloys are excellent combination of mechanical 
properties, corrosion resistance, and die-
castability. However, they have poor creep 
resistance above 125±C [20], which make 
them inadequate for major powertrain 
applications.  
2.1. Magnesium – Aluminum 
Aluminum is one of the most important 
alloying elements in magnesium. Several 
systems contain Al up to 10 mass %, e.g., AZ, 
AE, AM and AS. Figure 4 shows the Mg-Al  

 
Table 3. Some magnesium cast and wrought alloys typical composition (wt%) 

 
Alloy From* Al Zn Mn Si RE Zr Th 

AM60A CD 6  >0.13     
AZ31B WB+WS 3 1 0.3     
AS41A CD 4  0.3 1    
AZ80A WB 8 0.5 0.2     
AZ91B CD 9 0.7 >0.13     

AZ91D** CD 9 0.7 0.2     
EZ33A CS  3   3 0.8  
HK31A WS      0.7 3 

*CS – sand casting; CP – permanent mold casting; CD – die casting; WS – sheet or plate; WB – bar, rod, shape, tube or wire  
** High-purity alloys 

 

= zinc, M = manganese, S = silicon). Numbers 
tells nominal compositions of main alloying 
elements respectively. Marking AZ91 mean 
magnesium alloy where is roughly 9 weight 
percent aluminum and 1 weight percent zinc. 
Shown in figure 3. Exact composition should 
be confirmed from the standards. 
 

 
Figure 3. Marking magnesium alloys  

 system. Al  is  one  of  the  few  metals that 
dissolve easily in magnesium. Above the 
solubility limit Mg17Al12, a brittle intermetallic, 
precipitates out. The solubility limit of 
aluminum at the eutectic temperature is 11.5 
at.% (12 mass %) and falls to about 1% at 
room temperature. Consequently, the Mg17Al12 
plays a dominant role 

Table 2. Convention for alloy elements 
designation 

Letter Alloying Elements 
A Aluminum 
C Copper 
E Rare earth metal 
H Thorium 
K Zirconium 
L Lithium 
M Manganese 
Q Silver  
S Silicon 
Y Yttrium 
Z Zinc 
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in determining the properties (Fig. 5). The 
commercial alloys based on Mg-Al involve 
further alloying additions of zinc, e.g., AZ91, 
AZ81 and AZ63 [21]. 

 
Figure 4. Phase diagram of Mg-Al binary 

alloy [21] 
 

 
Figure 5. Magnesium – rich section of Mg-Al 

system [21] 
Besides low density, magnesium based 
materials exhibit good specific mechanical 
properties, machinability, castability, 
weldability, thermal stability, damping and 
resistance to electromagnetic radiation [23]. 
However, as magnesium has low ductility, 
modulus of elasticity and limited strength and 
creep resistance at elevated temperature, it 
cannot be extensively applied in structural 
applications [22–24]. Therefore, magnesium is 
rarely used in its pure form. Instead, it is 
usually alloyed with other elements like 
aluminum, zinc, silver and zirconium to 
improve its properties like corrosion resistance  

 and ductility [23,24–27]. Mechanical 
properties of magnesium are listed in Table 3. 
Its dynamic modulus of elasticity is 45 GPa 
and its static modulus of elasticity is 43 GPa. 
 
3. MECHANICAL PROPERTIES AND 
APPLICATIONS   
Magnesium-base products are available in a 
wide range of mechanical properties. As with 
metal manufactures in general, the tensile and 
other properties of the magnesium materials 
depend upon the composition, condition 
(whether cast or wrought), details of 
fabrication, heat treatment, and other factors. 
For the same composition, some mechanical 
properties vary considerably with the type of 
product [28].  Accordingly, it is important to 
define the kind of material as well as the alloy 
composition. Also, the direction in which the 
test specimen is taken in relation to the 
direction of fabrication and the thickness of the 
product are factors which influence strength 
and other properties.  
In engineering design, the more important 
mechanical properties which ordinarily may 
come under consideration may include the 
following:  

§ Tensile yield and ultimate strength,  
§ Elongation,  
§ Shear strength,  
§ Compressive yield strength,  
§ Hardness,  
§ Impact resistance, and  
§ Endurance limit.  

While magnesium sheet is considered a growth 
product for the 21st century - with its light-
weight and high-strength qualities - the uptake 
of magnesium sheet has been hindered by 
expensive and difficult conventional 
production processes. Magnesium sheet has a 
variety of applications where light weight and 
quality finish is at a premium like automotive 
industry and personal electronics (cameras, 
MD players) [29]. The latest method to process 
magnesium alloy is Thixomolding. It is based 
on material flow in a semi solid state to 
achieve thin wall, high density, and complex 
shaped components. The material is kept at 
room temperature and is heated in a controlled 
environment before injection into a mold. 
Thixomolded components can be found in the 
automotive, electronics, power tool, computer 
and recreational industries. Parts include 
television housings, PDA covers, eyeglass  

http://www.mg12.info/metallurgy/magnesium-applications/magnesium-in-automotive.html
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Table 3. Mechanical properties of magnesium at 20 0C [28] (* in 50mm ** with 500kg load, 10mm 
diameter ball) 

 Tensile 
Strength, MPa 

Tensile yield Strength 
(0,2%), MPa 

Compressing yield 
Strength (0,2%), MPa 

Elongatio
n 
*% 

Brinell 
hardness ** 

Sand cast, 
thickness 13mm 

90 21 21 2-6 30 

Extrusion, 
thickness 13mm 

165-205 69-105 43-55 5-8 35 

Hard rolled sheet 180-220 115-140 105-115 2-10 45-47 
Annealed 160-195 90-105 69-83 3-15 40-41 

 
 
frames, steering wheels and hand drill 
components[30]. 
Today high-grade car wheels of magnesium 
alloy we called 'mag wheels'. Due to low 
weight, good mechanical and electrical 
properties, magnesium is widely used for 
manufacturing of mobile phones, laptop 
computers, cameras, and other electronic 
components [36].  So, electronic devices of the 
metal  are  very  important,  too.  Also  the  use  of  
magnesium alloys in aerospace is increasing, 
mostly driven by the increasing importance of 
fuel economy and the need to reduce weight. 
Advantages of magnesium are something 
necessary for the modern industry and 
metallurgy and they become from special 
magnesium characteristics. For example the 
automotive industry has crossed the doorstep 
from using magnesium in a protected 
environment, predominantly interior 
applications to an unprotected environment. 
[29]. Today you can see growing popularity of 
magnesium die casting, particularly in the 
automotive field.  

 Many of interior magnesium components 
include instrument panel, seat frames, steering 
wheel and others.The most popular world 
production involves roof panels, hood, rear 
deck lid, wheels, oil pan, starter/alternator and 
so on. One really needed magnesium area is 
automotive industry and technologies [31].  
Fuel saving advantages of magnesium used in 
vehicles gives it a large popularity. The data 
indicate that the overall weight savings could 
be of around 10%. In turn, this weight saving 
would lead to a fuel saving of the order of 20-
30% without drastic changes in design. 
Passenger car produces on average around 150 
g/km spend gasses, but by magnesium 
technology that uses up energy is around 100-
120 g/km. Considering the large number of 
vehicles around, we can say that weight saving 
could help to keep cleaner the atmosphere and 
to hold the global warming better. That would 
be done because of weight saving lead to a 
significant reduction of carbon dioxide 
released to the air [30-33]. 

 
Figure 6. Values of specific power consumption (net), Esp, for a variety of metals as determine for 

drilling and milling [34] 

http://www.mg12.info/metallurgy/magnesium-physical-caharcteristics/magnesium-advantages.html
http://www.mg12.info/metallurgy/magnesium-applications/magnesium-in-automotive.html
http://www.mg12.info/metallurgy/magnesium-physical-caharcteristics/magnesium-compounds.html
http://www.magnesium.com/
http://www.mg12.info/metallurgy/magnesium-applications/magnesium-in-automotive.html
http://www.mg12.info/metallurgy/metallurgy-and-engineering.html
http://www.mg12.info/metallurgy/metallurgy-and-engineering.html
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4. MACHINABILITY  
Magnesium has very good machining abilities 
like sawing, punching, drilling, milling, 
turning compared to other metals. The specific 
cutting power is low and the surface is 
excellent and the chips are short. Magnesium 
and magnesium alloys are the easiest of all 
metals to machine, allowing machining 
operations at extremely high speed. 
Magnesium is the fastest machining metal and 
it has a high thermal conductivity. Advantages 
of it are, long tool life, the tool stays sharp for 
long time, low power consumption, about 55% 
lower than for aluminum alloys, reduction of 
machining time because of the high speeds, 
short chips an excellent surface.The cutting 
energy for machining of magnesium is lower 
than for other materials as illustrated by figure 
6. The lower power requirements for 
machining magnesium alloys permit the use of 
deeper cuts and higher feed rates, and thus 
permit fast and efficient machining, as 
compared to other metals. Magnesium 
machining is normally done without any 
coolant. If when necessary to use coolant, a 
light mineral oil will suffice. Never use water 
based coolant because of the risk of any 
reaction with the chips during storage. High-
speed tools or carbide tipped tools are 
preferred for the machining of magnesium. It is 
important to keep the cutting tool sharp to 
avoid from much heat [35]. The experiences 
with diamond tools are excellent but the costs 
are relatively high. It is necessary to store 
machined products under dry conditions and 
when there is a chance of condensation, extra 
protection is needed. Machines should be kept 
clean and the turnings should be stored in steel 
bins [37]. Turning, a typical lathe tool has a 
large relief angle (100 to  150). A larger back 
rake often causes feeding of the tool into the 
work.  In  some  plants,  00 back rake is used to 
break chips and prevent curling. This practice 
is seldom recommended, as it increases 
roughness of the machined surface and 
increases power consumption. The side rake 
may vary from 00 to about 100. Drilling 
Magnesium alloys can be easily drilled with 
twist drills made of any high-speed steel. 
Milling cutter for magnesium should have 
fewer teeth than conventional cutters used for 
steel or other metals - preferably only one-half 
to one-third as many. The larger chip space 
and the heavier cut resulting from the smaller 
number of teeth reduce frictional heat and  

 increase chip clearance. This leads to higher 
speeds, decreased distortion, lower power 
consumption, and smoother finish. Tapping are 
adequate if production quantities are small and 
if high-quality tapping is not required. When a 
large number of parts or close tolerances are 
involved, standard taps must be modified, or 
taps designed especially for magnesium must 
be used. Sawing Magnesium can be cut with 
hand or power saws. Because only low cutting 
pressure is required, large cuts can be taken. 
Hence, the saws must have large chip spaces 
for a free cutting action. Too small a chip 
space rapidly loads the teeth and causes the 
saw to ride over the work. Grinding is seldom 
necessary to grind magnesium, because 
machining produces good finishes. Surface 
roughness measurements of 0.075 to 0.125 μm 
have been produced on magnesium machined 
with diamond-tip tools. Counterboring 
magnesium should have a narrow margin of 
approximately 0.38 mm with adequate relief 
and cleaning angles, allow adequate chip space 
and eliminate rubbing. Die threading for 
magnesium should have approximately the 
same cutting angles as taps. A cutting edge 
relief of 0.10 mm  is generally recommended, 
although there are applications, which that 
require extremely good surface finishes and 
high accuracy.   
 
5. CONCLUSION AND SUMMARYUse 
a lower cutting speed when compared to 
cutting aluminum. The workpiece temperature 
goes up with an increase in cutting speed and 
also smaller undeformed chip thickness. In 
other words, the slower the machining speed 
and the larger the chips, the lower the 
workpiece temperature will be. Due to this 
reason, some companies have modified 
woodworking tools for machining magnesium 
so as to achieve larger chips and lower fire 
hazard. The cutting tools used should have 
relief and clearance angles that are sufficiently 
large to prevent unnecessary cutting tool-
workpiece friction, thus lowering the heat 
generated during the cutting process. 
Experiments were carried out using 
thermocouples mounted into the workpiece to 
monitor the workpiece temperature during 
machine. Despite the fire hazards, as 
competition from overseas low-cost production 
bases intensifies, and magnesium becomes 
increasingly used in electronics products, most 
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machining job shops could very well find 
machining of magnesium a niche worth 
pursuing. 
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Abstract: There is a big stock of historic structures in Turkey. Many of those structures continue to 
serve by changing their functions which brings new loads to the building. During their long life, 
historic structures have experienced many actions occurred over long periods of time and endured long 
term deteriorating effects and earthquake loads, besides these effects changing of the function affects 
the load bearing capacity of the building. This study is focused on restoration and retrofitting of 
historic multi storey masonry building named Deniz Palace Building which is located in Istanbul where 
the whole city is seismic prone area itself. Earthquake resistance is the main purpose of decision for 
retrofitting and strengthening of the building. In this sense walls are sheathed by concrete, floors are 
strengthened by steel I profiles and concrete, and foundations are reconstructed. During the 
restoration, interventions are made based on prevention of historic values. Static calculations are done 
particularly. For this purpose, foundation retrofitting is made primarily and some critical walls are 
sheathed by concrete. Fire protection system is designed and according to the evacuation plan some 
additions such as elevator shaft are constructed. 
 

Keywords: Historic buildings, retrofitting, strengthening, reusing 

 
 
1. INTRODUCTION 

 
Historical masonry structures constructed with 
bricks, stones, adobe and mortar have 
sophisticated and very complex structural and 
geometrical layout. Due to the use of different 
materials such as stone, brick, mortar etc. they 
are called composite and are complex 
structures. Due to this complexity the 
investigation of historical structure requires 
holistic approach that goes beyond simple 
technical considerations. Historical research 
may explain aspects of structural behaviour 
while structural behaviour may answer some 
historical questions. The purpose of the 
historical investigation is to understand the 
conception and the significance of the 
building, the techniques and skills used in its  

 construction, the subsequent changes in both 
the structure and its environment and any 
events may have caused damages. These 
changes may be additions or changes of use, 
failures, reconstructions etc. All structures, 
historical or recently constructed, have to show 
structural stability and resist all acting loads. 
Safety is guarantee by the codes, guidelines 
and specifications for new constructed 
buildings but there is no specific criterion for 
evaluating the historical buildings. Besides 
their artistic value those structures are the most 
important part of cultural heritage and human 
history. So that it is very important to evaluate 
their safety and make intervention decision in 
order to preserve them. Therefore, when 
historic structures are restored or retrofitted, 
particular techniques must be applied. 

A  large  part  of  Turkey  as  96%  is  seismically   § capacity and energy absorption, 
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active and there is a big stock of historical 
masonry  buildings  in  the  whole  country.  For  
sure those historical structures were not 
constructed in respect of new specifications 
and rules for recently constructed buildings 
and many times seismic loads were not 
considered as nowadays. Those unique 
structures have their own constructional rules. 
Nowadays owners of historical buildings 
prefer to change the original function in order 
to  reuse  the  building.  In  this  case  safety  
evaluation of historical structure against 
earthquake effect requires specific techniques 
and if it is necessary strengthening.  
Deniz Palace building, the case study that will 
be discussed in this paper requires retrofitting 
due to the change of the function which brings 
also some structural changes. 
 
2. RETROFITTING TECHNIQUES OF 

HISTORICAL BUILDINGS 
Retrofit is a general term that may consist of a 
variety of treatments, including preservation, 
rehabilitation, restoration and reconstruction 
[1]. Preservation is defined as the process of 
applying measures to sustain the existing form, 
integrity, and materials of a historic property. 
Rehabilitation refers to the process of creating 
new application for a property through repair, 
alterations and additions while preserving 
those features which convey historical, 
cultural, or architectural values. Restoration is 
the process of accurately restoring a property 
as it existed at a particular period of time. 
Reconstruction is described as the act of 
replicating a property at a specific period of 
time. Selecting the appropriate treatment 
strategy is a great challenge involved in the 
retrofit process and must be determined 
individually for each project [2]. 
Seismic retrofit becomes necessary if it is 
shown that, through a seismic performance 
evaluation, the building does not meet 
minimum requirements up to the current 
building code and may suffer severe damage or 
even collapse during a seismic event. 
Conventional upgrading techniques usually 
include the addition and/or strengthening of 
existing walls, frames and foundations [3].  
Briefly, seismic retrofit becomes necessary 
when [4]; 

§ Lower strength of materials than 
determined in the project, 

§ Insufficient plastic deformation  

§ Change of the building’s function, 
§ The building doesn’t meet with 

building codes, 
§ Insufficient lateral rigidity of the 

building, 
§ Requirement of additional floor to the 

building. 
Investigation of the structure requires an 
interdisciplinary approach that goes beyond 
simple technical considerations because 
historical research could discover phenomena 
involving structural behaviour while historical 
questions may be answered by considering 
structural behaviour. Therefore, it is important 
that an investigating team can be formed by 
incorporating a range of skills appropriate to 
the characteristics of the building which is 
directed by someone with adequate experience.  
Knowledge of the structure requires 
information on its conception, on its 
constructional techniques, on the processes of 
decay and damage, on changes that have been 
made  and  finally  on  its  present  state.  To  be  
able to be carried out at different levels of 
detail it is important to establish a cost 
effective plan of activities proportional to the 
structure’s complexity and architectural value, 
taking into account the real benefit to be 
obtained from the knowledge gained. In some 
cases it is convenient to undertake these 
studies in stages beginning with the simplest 
one. 
Jack arch floors and the present condition of 
the steel profiles and their joints should be 
carefully investigated. Decays and damages 
should be evaluated. 
The study of structural faults begins by 
mapping visible damage.  During this process 
interpretation of the findings should be used to 
guide the survey, and the expert already 
developing an idea of the possible structural 
behaviour so that critical aspects of the 
structure may be examined in more detail. 
Survey drawings should map different kinds 
of  materials,  noting  any  decay  and  any  
structural irregularities and damage, paying 
particular attention to crack patterns and 
crushing phenomena. 
The purpose of the historical survey is to 
understand the conception and the significance 
of the building, the techniques and the skills 
used in its construction, the subsequent 
changes in both the structure and its 
environment and any events that may have  

caused damage. The main purpose of the  flexural and shear strength of the reinforced 
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investigation is evaluation of failure 
mechanisms and structural behaviour of the 
building [5]. There are various interventions 
using for seismic retrofitting, however, existed 
information or technical guidelines giving 
possibility to engineers to evaluate the relative 
merits of these methods is very few. 
Furthermore, no reliable analytical techniques 
are available to evaluate the seismic resistance 
of retrofitted masonry structures. 
Common techniques used in retrofitting of 
existing unreinforced buildings can be listed as 
surface treatment, grout and epoxy injection, 
external reinforcement, post-tensioning, centre 
core technique [6] and polymer grids such 
FRP, CFR etc. [7]. 
 
2.1 Surface Treatment 
Surface treatment is a common method, which 
has largely developed through experience. 
Surface treatment incorporates different 
techniques such as ferrocement, reinforced 
plaster and shotcrete. By nature this treatment 
covers the masonry exterior and affects the 
architectural or historical appearance of the 
structure. 
Ferrocement is ideal for low cost housing since 
it is cheap and can be done with unskilled 
workers. It improves both in-plane and out-of-
plane behaviour. The mesh helps to confine the 
masonry units after cracking and thus improves 
in-plane inelastic deformation capacity. 
Regarding out-ofplane behaviour, ferrocement 
improves wall out-of-plane stability and 
arching action since it increases the wall 
height-to-thickness ratio [8]. 
Reinforced  plaster  is  used  as  a  thin  layer  of  
cement plaster applied over high strength steel 
reinforcement. The improvement in strength 
depends on the strengthening layer thickness, 
the cement mortar strength, the reinforcement 
quantity and the means of its bonding with the 
retrofitted wall, and the degree of masonry 
damage. 
Shotcrete overlays are sprayed onto the surface 
of a masonry wall over a mesh of reinforcing 
bars. Shotcrete is more convenient and less 
costly than castin- situ jackets. The thickness 
of the shotcrete can be adapted to the seismic 
demand. Typically, the shotcrete overlay is 
assumed to resist all the lateral force applied to 
a retrofitted wall with the brick masonry being 
neglected all together. This is reasonable 
assumption for strength design since the  

shotcrete overlay can be many times more than 
that of the unreinforced masonry wall. This 
assumption may result in some cracking of the 
masonry as the reinforcement in the shotcrete 
strains past yield. This may violate a 
performance objective for immediate 
occupancy or continued operation. 
 
2.2 Grout and Epoxy Injection 
Grout injection is a popular strengthening 
technique, as it does not alter the aesthetic and 
architectural features of the existing buildings. 
The main purpose of injections is to restore the 
original integrity of the retrofitted wall and to 
fill  the  voids  and cracks,  which  are  present  in  
the  masonry  due  to  physical  and  chemical  
deterioration and/or mechanical actions. The 
success of a retrofit by injection depends on 
the  injectability  of  the  mix  used,  and  on  the  
injection technique adopted. The injectability 
of the mix influences by mix’s mechanical 
properties and its physical chemical 
compatibility with the masonry to be 
retrofitted. 
Walls retrofitted with epoxy injection tend to 
be stiffer than the unretrofitted, but the 
increase in stiffness (10- 20%) is much less 
dramatic than the increase in strength. The 
increment in lateral resistance ranged from 2-4 
times the unretrofitted resistance. The use of 
epoxy resins can be advisable when a thorough 
study of the structural consequences of such an 
increment in strength in selected portions of 
the building shows that there is no danger of 
potential damage to other portions. 
 
2.3 External Reinforcement 
A steel plates or tubes can be used as external 
reinforcement for existing unreinforced 
masonry buildings. The relative rigidities of 
the unretrofitted structure and the new steel 
bracing are an important factor that should be 
taken into consideration. In an earthquake, 
cracking in the original masonry structure is 
expected and after sufficient cracking has 
occurred, the new steel system will have 
comparable stiffness and be effective.  
 
2.4 Post-Tensioning 
Post-tensioning involves a compressive force 
applied to masonry wall; this force counteracts 
the tensile stresses resulting from lateral loads. 
There has been little application of this 
technique; post-tensioning is mainly used to  

retrofit structures characterized as monuments.  3. CASE STUDY - DENIZ PALACE 
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Tendons are placed inside steel tube (duct) 
either within holes drilled along the midplane 
of the wall or along groves symmetrically cut 
on both surfaces of the wall. Holes are cement 
grouted and external grooves are filled with 
shotcrete. In this case, the tendons are fully 
restrained. However, the holes can be left un-
grouted (unguided unrestrained). This 
simplifies the strengthening procedure and 
allows future surveillance, re-tensioning, or 
even removal of the post-tensioning bars. It is 
important for un-bonded bars to continue the 
protection of the bar inside the foundation to 
avoid differential oxidation.  
 
2.5 Centre Core Technique 
The centre core system consists of a 
reinforced, grouted core placed in the centre of 
an existing URM wall. A continuous vertical 
hole is drilled from the top of the wall into its 
basement wall. After placing the reinforcement 
in the centre of the hole, a filler material is 
pumped from the top of the wall to the bottom 
such that the core is filled from the bottom 
under pressure controlled by the height of the 
grout. The placement of the grout under 
pressure provided by the height of the core 
provides a beneficial migration of the grout 
into all voids adjacent to the core shaft. 
The system has some advantages and 
disadvantages. Advantages can be listed as: it 
will not alter the appearance of wall surface as 
well as the function of the building will not be 
impaired since the drilling and reinforcing 
operation can be done externally from the roof. 
The main disadvantage is this technique tends 
to create zones with widely varying stiffness 
and strength properties. 
 
2.6 Polymer Grids 
Two types of polymer mesh that have been 
used to retrofit unreinforced masonry 
structures are an industrial geo-grid and a  
weaker mesh that is usually used as a ‘soft’ 
fence on construction sites. The polymer grids, 
with slender ribs and solid joints, inserted in 
bed layers are preventing ultimate “sandwich 
effect” and thus the masonry is reinforced. 
More exactly the mortar, as the two weakest 
component of masonry, by reinforcing with 
polymer  grids  was  strengthened  while  the  
existing mechanical qualities of bricks have 
been preserved. Laboratory tests and numerical 
analyses validated this mechanism. 

Deniz Palace Building, constructed as an 
apartment in early 1920ies by the architect 
Coulouthros (Yorgo Kulutros) is a historical 
multi storey masonry building in Art Nouveau 
style. By its façade’s design, proportions, used 
materials and so on the building represents not 
only 1920ies architectural style in Turkey but 
also Neoclassic Turkish architectural style or 
national architectural renaissance style. The 
facade and most of the architectural and 
structural elements are protected. 
Original construction style of Deniz Palace 
building is: stone-brick masonry building, the 
floors are made by concrete and cement mortar 
infill metal I beams and timber tiling. 
Basement floors are brick infill jack arches. 
Plaster boards of ceilings are from 1940ies and 
have Pera building style ornaments (Figure 1). 
 

 
Figure 1. Deniz Palace building 

Originally Deniz Palace is constructed as an 
apartment building. The new owner of the 
building Istanbul Foundation for Culture and 
Arts-IKSV decided to change its function as 
the administrative building. Due to increase 
number of occupants and new function of the 
building, obviously reuse will bring additional 
loads to the building.  
Intervention and restoration decisions are made 
according to the structural analysis, which 
considered the new function and additional 
loads also additional structural parts. The fact  

that Deniz Palace building is located in  survey requires both qualitative and 
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Istanbul which is one of the high risk 
earthquake  zones  in  Turkey  the  result  of  the  
analyses leaded to decision of retrofitting some 
structural elements.   
 
3.1 Strengthening Principles 
Existing codes and specifications adopt a 
conservative approach involving the 
application of safety factors to take into 
account various uncertainties. This is 
appropriate for recently build constructions, 
however, such an approach is not appropriate 
in historic structures where requirements to 
strength  the  building  could  lead  to  loss  of  
historic values. In case of historic structures 
more flexible and holistic approaches, where 
calculations are not only criteria to make 
intervention decision but also historic, artistic 
values should be considered. 
The fact that the Deniz Palace building's 
function is changed, the number of occupants 
is significantly increase and foremost location 
in the high seismic risk area it is decided to 
retrofit the building. Intervention and 
retrofitting decisions for Deniz Palace building 
are: reconstruction of foundation system by 
strengthening, adding steel columns in some 
parts of the building, adding an elevator and 
fire escape staircase, adding to some floors I 
steel beams, preserving the facade. Damage 
assessment which is the main part of condition  

quantitative data based on visual observations 
and specific techniques such as in-situ tests, 
laboratory tests, numerical models etc. The 
first step is visual observation which leads to 
detailed analysis if it is necessary. Detailed 
inspections require specific techniques, take 
more time and money and are applicable to the 
limited number of buildings. Due to this fact 
visual observed data is used in the evaluation 
as a first step and according to the results if it  
is necessary detailed analysis are done. 
 
3.2 Application of the Restoration Project 
Deniz Palace building has one basement, one 
ground floor and six normal stories (Figure 2). 
Before starting to the applications, scaffolding 
system is constructed for supporting the 
building and for bearing the loads during 
restoration works. According to the analysis it 
is decided to reconstruct the foundation of the 
six storey masonry building as a raft 
foundation. This work is done by digging 
foundation wells under each existing 
foundation by which way all building is 
surrounded and then to connect all new 
foundations as a united raft foundation. For 
preventing sliding during digging process 
shoring is used. Figure 3 shows principal 
drawings of well foundation system and Figure 
4 and Figure shows the foundation. 

 

 
Figure 2. Plan drawing of Deniz Palace building 
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Figure 3. Plan drawing of Deniz Palace building 

 

 
Figure 4. The well foundation building 

Due to the change of the function and increase 
of occupants' number fire extinguish system is 

 required.  For  this  purpose  one  part  of  the  
building along all storeys is organized as a fire 
staircase where existing walls are changed as 
reinforced concrete shear walls according to 
the fire extinguish requirements (Figure 5, 6). 
The new constructed reinforced shear walls are 
connected to the existing facade walls by 
anchoring elements (Figure 7).  

 
Figure 5. Plan drawing of location of fire 

staircase building 

 

 
Figure 6. Photograph of construction of fire staircase 
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Figure 7. Photograph of construction of fire 

staircase 

Original  elevator  which  is  smaller  for  new  
function of the building is cancelled and new 
elevators are constructed for carrying people 
and serving as service elevator. The spaces of 
existing elevator in each floor are reorganized 
as service rooms by constructing reinforced 
concrete slabs. Mesh rebars of new reinforce 
concrete slabs were connected to the existing 
walls by epoxy anchorage (Figure 8). 

 

 
Figure 8. Reorganisation of existing elevator 

space 

 New elevators are constructed next to the 
existing staircases by cancelling two existing 
rooms. The existing walls from basement to 
the roof floor are removed and the shaft of new 
elevators is constructed by 20 cm reinforced 
concrete shear walls (Figure 9). 

 
Figure 9. Shaft of the new elevator  

 
Apart from basement all floors of Deniz Palace 
building are constructed originally by 
reinforced concrete infill NPI 120 beams. 
However, the load bearing capacity of these 
floors became weak over time and couldn't 
resist to vertical loads. Beams are corroded and 
timber floor coverings are damaged. Due to 
this fact corroded beams and timber floor 
coverings are renewed during the restoration, 
and reinforced concrete slabs are constructed 
by using mesh rebars (Figure 10).  

 
Figure 10. Renovation of the floors 

 
According to the structural analysis some walls 
are strengthen by 5 cm reinforced shear walls 
with metal anchorages and shotcrete (Figure 
11). Because of the reason that Istanbul 
Foundation for Culture and Arts-IKSV, the 
owner, decided to use this building as an 
administrative building necessity of a big hole 
where cultural activities with large number of 
people can be done has arisen. For this 
purpose, a part of the building is reorganized 
by removing slabs through two storeys and 
adding circular steel columns and HEA400 
steel beams (Figure 12).   
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Figure 11 Strengthening the walls 

 
 

Figure 12 Strengthening the walls 
 
Construction of circular columns is made by 
anchorage on the foundation and filling with 
reinforced concrete as composite elements 
(Figure 13). Circular steel columns are applied 
around the hole and additionally along the 
walls reinforced concrete columns in between 
shear walls are constructed (Figure 14). 

  
Construction of circular columns is made by 
anchorage on the foundation and filling with 
reinforced concrete as composite elements 
(Figure 13). Circular steel columns are applied 
around the hole and additionally along the 
walls reinforced concrete columns in between 
shear walls are constructed (Figure 14). 

 

 
Figure 13. Circular columns anchorage 
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Figure 14. Reinforced concrete columns and shear walls 

 
4. CONCLUSIONS 
It is cultural imperative to preserve historical 
heritage buildings which are the most 
important evidence of human history and a 
past life style. The main principle of 
preservation and conservation is to preserve 
building in its original style with as less as 
possible intervention. However, due to the 
changes of urban plan, socio-cultural state, 
economic state etc. many times it is not 
possible to maintain the building in its own 
condition. In some situations preservation and 
continuity is possible by changing the function 
of historic building.  
In this study it is shown the restoration work of 
Deniz Palace building where strengthening is 
required due to the change of function as well 
as  to  resist  the  earthquake  loads.  There  are  
many techniques and methods in the field of 
conservation and preservation of historical 
structures. One of these techniques is used in 
Deniz Palace building. Function's change, 
increasing loads and earthquake risk leaded to 
the decision for retrofitting the structure. 
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Abstract: This design work was introduced so as to explain and rediscover the designographic qualities along 
Porsuk riverside and its inbetween space within the city of Eskisehir. Besides designing and explaning architecture 
in a conventional way, “space” was experienced with arguing a return back in an archaic way of ‘artificialization’ 
process. Tools used for destroying the current structures of architecture toward “programme” and 
“construction”, and the content of their continuing urban dispositions. 
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1. INTRODUCTION 
 
This  design  work  has  been  produced  as  the  
graduation project given by Osmangazi 
University Department of Architecture, 
Eskisehir in 1999, and awarded by Archiprix 
Turkey. Later on, the designographic ideas 
were discussed on the basis of aprogramming 
and urban dispositioning.  The theme was 
selected so as to reintegrate the riverside along 
the city while discussing the potential 
architectural programmes within the selected 
design area on conceptual and contextual 
arguments. As the design problem was given 
for the first time, to argue on the urban scale in 
continuity with the design problem was 
inevitable. With the beginning of the design 
process, it was aimed to reveal the 
designographic characters of the Porsuk River 
running across the city and the design area 
within the city boundries. As being the most 
important context element, Porsuk River, 
cannot make the spatial and urban relationships 
with its neighborhood. Waterfront and its 
spatiality, has never been taught or designed as 
a katalyst to the development of the city. So, 
the architectural 

 fragments that form architectural space such 
as the programme, construction, form, action; 
and that form urban space such as building 
codes, population density and geographical 
datas, should be questioned. This design 
problem in a whole is, an inquiry of urban and 
architecutral spatialities in continuity with this 
inbetween space:  The architectural 
thresholds–a place related to other places but 
with no place of its own [1] (Figure 1). 
Recent building codes and regulations effect 
the city grow in a way which is nonidentified 
and have low space qualities. The outcome of 
these regulations are these city spaces which 
are same and homogeneous, and have 
equalized characters in comparison. There are 
no quality differences in context of citizens’ 
living quality and relationships with its 
surroundings. In this framework, urban and 
spatial inquiry in this design process, covers 
city fabric analysis and how these regulation-
imposed spaces can be redesigned in a way.  
The designwork process is studied in 3 steps. 
First step was an analytical search and reading 
from the city, between Adalar and Köprübaşı 
districts. Second step was the discovery of the 
design  tools and fragments to gather spatiality. 
Third step was 
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Figure 1. Aerial map: City of Eskişehir (Photo from the archive of Chamber of Architects) 
 

how these fragments were used to design the 
inbetween space, and what was achieved. 
 
2. ANALYSIS: READING FROM THE 

CITY 
Eskişehir is a rapidly growing city, with the 
universities and industrialization,  so that urban 
development has not been completed yet. It has 
been observed that, focusing on the usual 
urban character of riverside cities, urban 
growth is not depending on the water and not 
seeking for a spatial relationship at all. This 
situation  can  be  seen  in  Eskişehir  as  well.  In  
this case, besides one specific part of the 
riverside, spatial qualities are not satisfactory. 
With this one specific site, a new debate on 
waterfronts is especiallly important in this 
case. Between ‘locomotive factory’ and ‘old 
bus station’ (Figure 1), the site is analyzed and 
readings have been made in order to 
understand the dense city tissue. In this 
specific site where the city was read, the 
Porsuk River running along the city center 
divides the city in two districts (Figure 2), 
northern side called ‘Koprubasi’ and southern 
side called ‘Adalar’; and both districts contain 
commercial and recreational structures, 
archaeological remains (Figure 3), business 
centers, shopping malls, night clubs, cafes and 
restaurants etc. that all citizens use densely. 
The riverside, as an urban spine,  is important 
since it explains city and river relations in a 
programmatic way. In today’s conditions, 
although the river becomes a structure to act 
differently in different points, especially in the 
particular site analyzed, it forms specific urban 
and architectural qualities. In this manner, 
action oriented spatial structures put important 
contribution to the city. With this analysis, the 
design suggestions and the possible 
development phases of the city will be brought 
together in a realistic manner (Figure 4-5).  

 

 
 

Figure 2. Overview of downtown riverside 
(Photo from the archive of Osmangazi 

University) 

 
Figure 3. Archaeological remains: Lighting 

towers (Photo from the archive of O.U) 
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2.1.Antimall 
From the analysis in the district of 
Adalar/Köprübaşı, it was derived that as an 
antithesis  to  the  box  programmes  (such  as  
supermarkets), ‘antimall’ concept and its 
spaces were developed. These antimall concept 
related structures, are volumetric contents 
derived from the structure of architecture. 
These spaces, in general manner, can be 
identified as empty spaces, and considering 
river-city relations they can serve all kinds of 
action oriented design.  
 
2.2.Scale[d] 
The second important data derived from the 
analysis is the concept of ‘scale’. Although the 
scale of ‘Eskişehir’ is h:24 m. as a result of 
building codes and regulations, it is aimed to 
achieve an imaginary scale for the city with           
the design work process. As a result of that just 
as vertical block orders, this time horizontally 
structured Porsuk River is defined as an 
anarchist to the architectural order.  (the flow 
direction of the river is defined as a horizontal 
axis) 
 
2.3.Connectors 
The designed bridges inbetween locomotive 
factory and old bus station are nor city nor 
directly river connected platforms. With this 
artificial platforms the river regains its 
imaginary quality, the bridges are percepted as 
architectural and structural replica of these 
images. 
 
3. DESIGN TOOLS FOR CREATING 
SPACES – ARCHITECTURAL AND 
URBAN FRAGMENTS 
Design ideas were shaped around two main 
questions: 
§ What are the structural pieces used for 

creating an architectural location? 
(architectural artificializations: surfaces, 
grounds, floors, construction, programme) 

§ What are the architectural pieces that 
create the architectural or urban location? 
(Building decisions, geographical 
characteristics linked to the context, 
cultural and identification values) 

The architectural pieces, situated at different 
locational alternatives in the “inbetween 
space” that has been formed, are used for 
improving the relation toward the program 
with two most important structures of design: 
the river and the city as the source of  

 architectural relations. These pieces have a 
content that sometimes opens and sometimes 
limits the inbetween space design both to the 
river/water (Figure 5) and to the city/city-
dweller. Consequently, the design arranges the 
relations between the city and the river in its 
own space and it provides various locational 
alternatives.  
The locational variety that is discussed by the 
design, is based on the terms “architectural 
programme” and “construction” which lay at 
the basis of discussions about architectural 
location. In this regard, being “multi-
programmed” or “aprogrammed” along with 
the “architectural artificialization” suggested 
different ways of creating a location, when 
creating or consciously destroying a location 
with this design. The point of view that 
belongs to the programme (being 
aprogrammed) is intended to be achieved by 
the concepts of “construction” or 
“artificialization” as the creation policy of 
architecture in the continuity of this design. 
Consequently, this design with this point of 
view aims at discussing alternative languages 
or ways of creating the architecture in relation 
with the city, architecture and location.  
The principals of such a discussion are based 
on  the  analysis  of  the  tools  belonging  to  the  
“context” and“location” used in creating the 
architectural location. It’s important to know 
what  these  pieces  are  and  what  kind  of  a  
locational diversity they provide in the whole 
of the proposed design and in the continuity of 
the two questions asked at the beginning. 
These pieces, used for creating the localization 
of the design, are divided into two groups 
within the framework of this study’s design 
language. These are as follows:  
“Programme” oriented pieces in the design 
(pieces in defining any architectural program, 
independent of a programme) [6,7,8]  (Figure 
9): 
§ Surfaces: Variety of walls 
§ Ground pieces: Piers, platforms, floors, 

terraces (land piers), amphis, specialized 
grounds for an architectural action  

§ Floors/ types of coverage: Eaves, arcades,  
§ Construction structures defining the 

program: Columns 
§ Programmed empty locations  

 Architectural action definitions in being multi-
programmed or aprogrammed: sitting, 
wandering around, staying near  
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something, being in front of or behind 
something, staying below something, looking, 
passing over something, getting in contact, 
passing through something, watching, just 
standing somewhere. 
Pieces toward “construction” and creating 
urban and architectural integrity in design 
(Horizontal or vertical abstraction of the river) 
§ Structures of border; Mega construction, 

columns, terraces – horizontal abstraction 
of the river  

§ Lighting towers (aprogramming structures 
and the structures that keep the hight in 
the forefront at which the production 
language is improtant): landmarks, urban 
signs, visual images for the night 

§ Bridges- vertical abstraction of the river 
 

 
Figure 5. City fabric around the design area: 

Bridges (Photo by the author) 
These pieces are obtained from the general 
results  of  urban analysis  which  form the  basis  
of urban reading discussed in current 
architectural discussions. They structure the 
“inbetween space” created in the proposed 
design.  They  are  also  used  as  the  tools  for  
destroying the current structures of architecture 
toward “programme” and “construction”, and 
the content of their continuing urban 
dispositions. In this way it’s intended to create 
new locations that urban disposition imposes, 
and to increase the programmatic 
characteristics of the design space. These 
programmatic contents are against the 
programming studies which are made more 
and more complicated by architecture every 
time. It’s aimed to remind the simple ways of 
action at the origin of these programs instead 
of shopping centers, culture and sports 
complexes behind urban transformations and 
to create a new transformation through these 
simple actions. This study provides main 
human actions, being outside and the urban 
transformation itself, instead of the  

 programmatic intensity and introvert 
formations formed by mixed programs. 
 
3. DESIGNING INBETWEEN  
Architectural structures and information 
obtained from urban reading [2,3] have 
formed the basis for information infrastructure 
and architectural location for some design 
issues. In this context, the definition of 
location in the design space is important for 
this study. In order to achieve this, design uses 
two basic approaches under the names of 
programme and construction in defining its 
own view (Figure 6). With the view made 
towards programme and construction, 
disruption of the locational structure is 
intended; and with this disruption, creation of 
new locations is intended. The pieces that form 
the architectural location are the pieces that 
come together without any restriction and form 
the ultimate location. The volumetricity that 
comes in view with the continuity of the 
ground, the surface and constructive pieces 
that cover them, defines the location when 
described as action. However, in this design, 
each  one  of  the  pieces  tries  to  form  its  own  
locational structure, apart from the integrity of 
the location and distinct from its role within 
that integrity.  

 
Figure 6. Preliminary sketches of the design 

idea. 
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It’s predicted that the architectural pieces 
previously described; the wall, eaves or the 
column may have a potential spatialism (at 
least) as much as the spatialism that a desolate 
volume has. Structural and locational 
characteristics of each piece and      the content 
of the design are intended to be described. This 
design for example discusses the location 
where a wall is structured. The wall comes out 
as an urban surface or a coastal image directed 
at  the  city  or  the  river.  In  structuring  the  
locations that belong to these pieces, the 
locational characteristics as programme and 
construction can be described. 
 
3.1. Program 

The idea of programme does not come out as 
the description of previously modified action 
or its attachment to the location. This situation 
is the creation process of a space where multi-
programming and aprogramming [5]  overlap 
each other. In this regard, the main focus point 
of the study is that the description of the 
relation between architectural & urban pieces 
and the body  around the piece which is more 
than the volume, and around the relation of 
that piece with the other. The relation between 
the location and body is intended to be slid 
towards the relation between the architectural 
piece and the body, with the aim of creating 
the new definition of location in this space. 
This kind of architectural pieces are defined as 
an expression of meaning by themselves, and 
the new situations formed by their combination 
may constitute locational contents that no-one 
could have thought beforehand and that were 
not familiar with the design space. 
Consequently on the basis of this study, the 
actions of the architecture in structuring the 
location are described as the tools in the 
negligence of locational integrity. For 
example, actions like eating, standing, 
walking, looking, speaking, watching, touching 
are identified with the architectural pieces [4]. 
A wall is only for leaning against and looking 
at something, a pier is only for standing on and 
touching the water, an eave is only for sitting 
there. Structure and action is for revealing the 
primitive and original state of the relation 
between architecture and program (Figure 7).  
Forming the definition or way of existence of 
urban and architectural location only heeds the 
combination of the pieces. This combination is  

 not made by a fixed program whose content is 
already modified, but by the mentioned 
architectural and urban structures that shelter 
different actions. The urban and architectural 
location is studied for possibilities whose 
forms  of  action  may  be  unlimited,  not  for  the  
characteristics already registered and the 
location already defined by actions. This is the 
creation process of a space which has a 
discontinuous structure and an unsteady 
possibility of unfolding with the structural 
powers of the pieces that form the location and 
the relation of users with these pieces, more 
than the constancy of the program or the 
location. In this way, it’s suggested to form an 
area in the continuity of urban life for the ways 
of action rather than designing the formal and 
structural characteristics of previously named 
programs. In the continuity of this design 
space, the necessities of architectural and 
urban programs will be defined with the 
actions and needs of the users of that space, 
their daily lives and ways of life. And this 
definition cannot be made in an argapment that 
can be guessed beforehand. So, this situation 
for example, cannot be that the architect 
structured a cafeteria or a footpath for city-
dwellers or for their existence. This space is 
independent of action. The pieces that form the 
architectural location and their ways of 
combination present a possibility point for 
every possible program. The walls for 
example, should be positioned for linking all 
kinds of actions, not for forming the borders of 
a program; grounds are used for any action by 
anyone, it doesn’t belong to one place or one 
action. These kinds of relations are intended to 
be improved by different combinations in the 
continuity of all design spaces. Consequently, 
as  a  result  towards  the  program,  this  design  
doesn't suggest a certain urban or architectural 
program while defining the space it tries to 
form, but defines the unforeseeable actions of 
the city-dwellers and the individuals that may 
use this space, as its own architectural program 
(Figure 8). 
3.2. Construction 
The concept of construction, which is defined 
as the way of creation or combination, forms 
an infrastructure for two basic ideas. The first 
one is forming the content of architectural 
pieces that are conceptually identified with the 
river, and the second one is defining the 
possible location that is created by the 
materials and manufacturing technique of all  
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Figure 7.   Design sections 

 
kinds of architectural pieces that call the 
inbetween space into being. 
The structures that identify the concept of 
construction with the river, the bridges, are 
mega construction and lighting towers that 
form  the  border  of  the  inbetween  space.  In  
these three architectural pieces which require a 
manufacturing language, the mega 
construction is an abstraction of a physical 
border and a horizontal river that are made 
against the probability of the city’s occupying 
This border space is positioned along the pre- 

 designed urban residential area. This 
construction where the first contact between 
the inbetween space and urban residential area 
is made, does not suggest any location 
belonging to either the city nor the designed 
space. These units, which are intended to be 
constructed on a minimum area, consist of 
shopping units, locations where some people 
exhibit their production, sell their food- drink-
second hand books or whatever location that 
the city-dweller needs. The locations where 
possible necessities are suggested will be  
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Figure 8. Model of the proposed design 

(Photo by the author) 

positioned in this designed  space, according to 
the varying needs of the city-dweller. This 
construction, positioned on a higher place than 
the river, is a suggestion of size that shows the 
continuity of the city for the dwellers near the 
river, and that defines or refers to the river for 

 
 

the dweller away from it. The river can be 
represented in the developing continuity of the 
city by the extention of this construction. 
Identification is the combination of the 
architectural and natural things by artificiality. 
The artificial one is the river, and the 
representative is the mega construction. In this 
context, the construction that goes parallel with 
the river, is positioned as an important 
architectural piece in defining the inbetween 
space (Figure 9-10). 
 
4. CONCLUSION 
This study was a research of programmatic- 
constructive and formative solutions to a 
architectural problematic. Besides designing 
and explaning architecture in a conventional 
way, ‘space’ was experienced with archaic 
methods. It argues a return back in an archaic 
way of ‘artificialization’ process. Actions such 
as ‘digging’, ‘putting side by side’,developing 
the way of ‘doing’, ‘walking’, ‘eating’, 
‘seeing’, ‘watching’ were argued only in the  
content of actions in order to organize 
spatiality. The architectural problem as the 
trigger for urban transformations in means of 
artifialization and action was deconstructed 
space, programme, urban fabric and form. The 
final design, is neutral as it contains all archaic 
situations of architecture. This neutralization is 
equipped to argue ongoing processes with 
contents of city and architecture. 

 

 
 

Figure 10. Site plan of proposed design 
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Figure 9. Schematic diagram of the layers of architectural fragments. 
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Abstract: One of the major tasks in the design of measuring transducers is improving their accuracy in real 
conditions. Above all, this problem makes it necessary to evaluate the impact that various non-idealities have on 
the work of the measuring device. This study points that the presence of active resistance in the input of capacitive 
transducers, realizing the charge-transfer method, influences the measured result. With a configuration, composed 
of four analogue switches, the magnitude of the occurring in this case additional error depends on: the value of 
resistance in the input; the value of the capacity, which is the object of the measurement; the frequency and the 
phase offset of the clock signals, controlling the switches. The conditions under which error does not exceed 0,1% 
have been defined and a simple equation, by which its value can be assessed in the general case, has been 
validated. Presented results are useful in the design and implementation of industrial capacitive transducers. 
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1. INTRODUCTİON 
  
The charge-transfer method (CTM) is one of 
the three most common methods of measuring 
capacity, used in the modern industrial 
transducers [1-6]. With this method the 
capacity C being the object of measurement, 
switches between two or more nodes from the 
circuit of the measuring device. Knowing the 
potentials φ1, φ2 of  the  nodes,  to  which  
connection has been established before the 
switching and having the potentials φ3, φ4 of 
the nodes, after that, it is possible to define the 
capacity by measuring the charge transfer. 
 

[ ])()(. 4321 jjjj ---=D Cq                      (1) 
 
 
 

 

 
Figure 1. Configuration of two and 

four switches, used in capacitive CTs. 
 

)()( 4321 jjjj ---
D

=
qC                         (2) 

 
In most cases the active resistance of the 
circuits, formed during the switching, is 
definitive for the rate by which the charge is 
transferred form the capacity transducer (CT) 
to the capacity and backwards. This imposes  
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that C stays  long  enough  in  each  of  the  two  
positions. Otherwise it is possible that  
 

[ ])()(. 4321 jjjj ---<D Cq                      (3) 
 
The use of Eqn (2) under the condition of Eqn 
(3) is related 
 

 
Figure 2. Generalized representation of the 

input circuit of a CT with four switches. 
 
to a methodological error, whose magnitude is 
the subject of analysis in this paper. 
 
2. APPLİCATİON AND ANALYSİS OF 
THE CHARGE - TRANSFER CAPACİTY 
MEASURİNG METHOD İN THE 
PRESENCE OF RESİSTANCE 
 
With the CTM normally the commutation in 
the front-end circuit of the CT is realized by 
means of two or four switches (Fig.1) [5-11]. 
The reasons for the appearance of active 
resistance in this part of the circuit of the CT 
could be different. Resistors, having 50÷100Ω 
resistance and connected in series with C, 
protect  inputs  of  the  CT  against  ESD  
(electrostatic-discharge) [12]. Resistances are 
inherent to the elements, themselves, 
composing the input circuit of the CT 
(analogue switches, operational amplifiers etc.) 
or  are  part  of  the  equivalent  circuits  of  the  
sensors connected to CT. [5,13-15]. Paper [5] 
considers the behavior of CTs, realizing the 
CTM  by  means  of  two  switches,  when  the  
effects of an active resistance in the input 
circuit are presented by a resistor R, connected 
in series to the measured capacity C. The 
solution of this problem with a CT, containing 
four switches, can be found by considering the 
scheme, given in Fig. 2. The analogue switches 
are controlled by two clock signals: Φ1 and Φ2 
(Fig.3). During the first part of the period of 
switching Тcl, the switches S1 and S3 are closed.  

 C is connected to the source of voltage +E1, as 
well as to the input of the charge amplifier 
CAg. In the time interval (t'0, t'0+Δt'),  Δt'=Тcl/2 
the voltage uC increases, reaching value of Е2 
at  the  end of  the  first  half.  During  the  second 
part of the period S1 and S3 are open, while S2 
and  S4 are closed. С is  connected  both  to  the  
source of voltage -E1 and  to  the  input  of  the  
charge amplifier CAh. 
In the time interval (t"0, t"0+Δt"), Δt"=Тcl/2  the 
voltage uC decreases, reaching the value of Е3 
when the second cycle of period is completed. 
After that the processes are repeated. 
Taking into account both the above discussion 
and  the  scheme  in  Fig.2,  we  can  find  the  
voltage uC over the capacitor C in the 
following way:  
 

abC uuiR =+.                                             (4) 

abC
C uu

dt
duCR =+..                                    (5) 

 
where uab is  the  voltage  at  the  nodes  a  and b.  
During  the  first  part  of  the  period  uab=E1 and 
the differential Eqn (5) has a solution [16]: 
 

÷
ø

ö
ç
è

æ ¢-
-+=

T
tt

AEuC
0

11 exp.                      (6) 

 
Figure 3. Graphical representation of 

the voltage uC, uab, Φ1 and Φ2 at a 
steady state mode of operation of the 

measuring transducer. 
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where T=R.C. The integration constant A1 at a 
steady state mode is defined by the condition 
uC(t'0+)=uC(t'0-)=Е3: 
 

÷
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311 exp).(               (7) 
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Then, from Eqn (7) it is obtained for t=t'0+Δ t': 

 

 ÷
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The same way, considering the processes 
during the second part of period, it is proved 
that: 
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From the last two equations it is directly 
established that: 

 
 23 EE =                                                        (10) 
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From Eqn (10) and Eqn (11) the charge, which 
the capacity transfers to the amplifiers CAg and 
CAh within a switching period, can be found:  
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For the purposes of the measurement either the 
charge quantities qg, qh or their difference can 
be used:  
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 In all three cases the application of Eqn (2) for 
capacity calculating in the presence of 
resistance will lead to the occurrence of an 
error. For example, when Eqn (14) is used, the 
relative deviation is  
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It can be seen from Fig.5 that at T/Tcl=0,1, 
δ≈1%.  To  keep  the  error  under  0,1%  it  is  
required that the time constant T of the formed 
RC circuit is approximately 15 times smaller 
than the period Tcl. 
 
3. METROLOGİCAL ANALYSİS OF 
CAPACİTİVE TRANSDUCER 
REALİZİNG THE CHARGE - TRANSFER 
METHOD WİTH PHASE - SHİFTED 
CLOCK SİGNALS 
 
The previous paragraph analyzes the behavior 
of the CT when sequences Φ2 and Φ1 are in the 
phase.  Besides,  there  are  controls  in  the  
practice in which the clock Φ2 outruns Φ1 by 
the time equal to θ.Tcl, 0<θ≤0,25 (Fig.4) [5,8-
10]. At θ≠0 the capacity C connects to the 
corresponding charge amplifier before uC 
reaches Е2 and Е3 respectively (Fig.3). The 
amount of the charge, going into CAg within a 
one full cycle of the switching is  
 

).( 32 EECqg ¢-¢=D                               (16) 
 
and into CAh it is: 
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Figure 4. Graphical representation of the 
voltage uC, uab, Φ1 and Φ2 at a steady state 

mode of operation and θ≠0. 
 

).( 23 EECqh ¢-¢=D                                     (17) 
 
where 
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For the purposes of the measurement either 
Eqn  (16),  Eqn  (17)  or  their  difference  can  be  
used: 
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In all three cases the application of Eqn (2) for 
capacity calculating in the presence of 
resistance will lead to the occurrence of an 
error. For example, when Eqn (20) is used, the 
relative deviation is  
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Fig. 5 shows the error δ for different values of 
θ. It can be seen that the error increases with θ:  

 at T/Tcl=0,1 and θ=0,125, the error is about -
5% and at T/Tcl=0,1 and θ=0,25 it exceeds -
15%. 
The  error  δ is  not  a  positive  number  for  the  
whole 
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Figure 5. Graphical representation of the error 
δ=δ(T/Tcl), for different values of θ:  θ=0, 

 θ=0,125,  θ=0,25. 
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Figure 6. Graphical representation of the error 

δ=δ(T/Tcl), obtained at θ=0,05, R=1kΩ and 
C=100÷900pF.  theoretical results; 

 experimental results. 
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Figure 7. Graphical representation of the error 
δ=δ(T/Tcl), obtained at θ=0,05, R=1,9kΩ and 

C=100÷900pF.  theoretical results; 
 experimental results. 

 
range 0≤θ≤0,25. It means that in the presence 
of the resistance R≠0 in the input, the value of  
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the capacity, defined in accordance with Eqn 
(2), will always be less than the value of the 
real one. 
Experimental validation of the Eqn (21) has 
been conducted by means of the CT, described 
in [5]. At clock frequency equal to 100kHz 
(Tcl=10μS) and at relative shift θ=0,05, the 
capacity of reference capacitors, in series to 
which different resistors are connected, has 
been determined. The results are shown in 
Fig.6 and Fig.7. The maximum absolute 
deviation between the experimental and the 
theoretical results does not exceed 0,1÷0,5%. 
 
4. CONCLUSİON   
The analysis, given in this work, shows that the 
presence of active resistance R in the input 
circuit influences the operation of the 
capacitive measuring transducers, realizing the 
charge-transfer method. With the use of a 
configuration composed of four analogue 
switches the magnitude of the occurring 
additional error δ depends on: the value of R; 
the value of the capacity C, which is the object 
of the measurement; the clock frequency 1/Tcl 
and the relative shift θ. At θ=0 and R.C/Tcl<15 
the error δ does not exceed 0,1%. In all other 
cases it can be analytically assessed by means 
of the Eqn (21). 
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Abstract: Stochastic neural networks which are a type of recurrent neural networks can be basicly and 
simply expressed as “the neural networks which are built by introducing random variations into the 
network”. This randomness comes from one of these usages : applying stochastic transfer functions to 
network neurons or determining the network weights stochastically. This randomness property makes 
this type of neural networks an ideal tool for optimisation problems which especially cannot be solved 
with classical methods, or needs better solurions. In this paper, the properties of stochastic neural 
networks are  investigated and the examples of using this type of neural networks for optimisation 
problems are given. 
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1. INTRODUCTION 
As it is known properly, neural networks can 
be classified according to their neuron 
numbers, transfer function types, their 
activation function types, their architects, their 
learning methods, their layer numbers, their 
usage fields and in many other ways. In this 
paper stochastic neural networks which are a 
special type of recurrent neural networks are 
investigated. As it can be understood from 
their name, they have randomness property 
inside of theirselves. This randomness is 
provided by transfer functions or network 
weights.  
To transform a neural network to a stochastic 
neural network, transfer functions can be 
applied or network weights can be determined 
stochastically. So they have a different 
architecture and different properties that can be 
useful for solving some problems. The 
randomness property of stochastic neural 

 optimisation problems. Because this 
randomness provide the networks for escaping 
from local minima values and they can find 
optimal and better solutions than classical 
methods owing to their neural networks 
properties plus stochastic structure. Some of 
the optimisation problems that can be solved 
with stochastic neural networks are organizing 
urban transportation network efficiently, 
spontaneous bursting in hippocampal slices, 
gene regulatory networks, general 
combinatorial optimisation problems, 
generating multiple spectrum compatible 
accelerograms, some FPGA-based 
implementations, speeding Bayesian 
implementations up, developing vector 
quantization of images, modelling 
displacement fields of wood in compression 
loading, multispectral image classification. In 
this paper, it will be tried to investigate the 
applications and studies of stochastic neural 
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networks makes them an ideal tool for some 
types of problems but especially for  

networks in the literature according to their 
types, usages, variables etc and obtaining an  

idea about new probable stochastic neural 
network applications in other fields like 
computer networks routing problems and 
cryptography optimisation problems. 
 
2. BOLTZMANN MACHINE 
The stochastic neural network type which has 
stochastic transfer functions instead of 
stochastic weights is usually called Boltzmann 
machine. Boltzmann machines have a  slow 
simulation capacity so they are not suitable for 
practical applications, but their training 
algorithms are very plausable to be applied 
biologically so their theoric usages found 
better solutions than classical methods in many 
fields. The units of a Boltzmann machine can 
have only two values. 0 and 1.  Apart from the 
classical neural networks, Boltzmann machine 
units are stochastic and they have a probability 
value.    
A Boltzmann machine, like a Hopfield 
network, is a network of units with an "energy" 
defined for the network. It also 
has binary units, but unlike Hopfield networks, 
Boltzmann machine units are stochastic. The 
global energy, E , in a Boltzmann machine is 
identical in form to that of a Hopfield network 
[1]: 

 
Where: 
Wij is the connection strength between unit  j 
and unit i.  
 

 is the statse,  of unit  

 is the threshold of unit  

The connections in a Boltzmann machine have 
two restrictions : 

        (no unit has a connection with 

itself) 
     (all connections are 

symmetric) [2]. 
 
3. USAGE of STOCHASTIC NEURAL 

NETWORKS in OPTIMISATION 
PROBLEMS 

 stochastic neural networks can be used to find 
a solution in different kinds of optimisation 
problems. In this section it is tried to 
summarize some of these optimisation 
problems that are handled in the literature. 
 
3.1. Modelling Displacement Fields Of 

Wood In Compression Loading :   
To model the displacement fields of wood in 
compression, there are some studies that use 
stochastic neural networks [3,4]. In these 
studies first of all stochastic neural network is 
simulated with a function like random noised 
sine function. With this operation it is checked 
that if this neural network structure models the 
stochastic process succeefully or not. In the 
papers, with the obtained results, it is decided 
that the process sontinues properly and then 
the neural network structure is applied to the 
real world application and it is tried to be 
understood  if  it  works  well  or  not.  It  is  seen  
that the real world application also provides a 
suitable environment for desired process. 
 
3.2. Transportation Systems Modelling : 
A transportation network can be a good 
example of the real time applications that have 
stochastic properties because of the random 
choices of the drivers and the stochastic 
parameters like road capacities and traffic light 
durations. So while modelling a transportation 
system a stochastic model must be used. When 
stochastic neural networks are used in order to 
solve this problem  generally the network is 
designed as nodes correspond to roads and 
edges correspond to running lines. The 
approaches are shown  by a supervised 
learning algorithm of Hopfield rule [5,6]. 
 
3.3. Spontaneous Bursting In Hippocamcal 

Slices 
This is another problem study thatstochastic 
neural networks are used. The results of the 
study suggest that spontaneous population 
bursting in hippocampcal slices may be a 
manifestation of stochastic bistable dynamics 
rather than of deterministic chaos. The results 
also investigate the reliability of some of the 
recently proposed, UPO-based statistical 
methods for detecting determinism and chaos 
in experimental time-series data [7].  
 
3.4. Image Classification :  

http://en.wikipedia.org/wiki/Hopfield_net
http://en.wikipedia.org/wiki/Hopfield_net
http://en.wiktionary.org/wiki/binary
http://en.wikipedia.org/wiki/Stochastic
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In the previous sections, it is said that  Image classification is a popular problem that 
is investigated with stochastic neural networks  

on several times. In  one  of  the  studies  that  is  
considered as an example in this paper, 
multispectral image classifcation is made with 
gabor filters and stochastic relaxation neural 
networks [8], in another study to classify 
hyperspectral images efficiently semi-
supervised neural network is used [9] and in 
the third study, artificial neural networks and 
other methods are compared [10].  
 
3.5. Multiple Spectrum Compatible 

Accelerograms  
In 1997,  a new method for generating artificial 
earthquake spectrum capatible accelerograms 
from response spectra was presented. This 
method is based on Neural Network 
methodology and the learning capabilities of 
neural network were used to develop the 
knowledge of inverse mapping [11].  
Because this process have some stochastic 
properties besides the deterministic ones, if the 
neural network which is used for this purpose 
has stochastic properties it will be a more 
suitable situation.  
With this type of network, in compressing the 
eqrthquake accelerograms and extracting their 
characteristics efficiency is increased [12,13]. 
   
3.6. Approximating Random Processes 
In random processes, artificial neural networks 
can be thought as an important model for 
simulating biological systems and human brain 
behaviours [14].  
When random processes attend to the 
operations, stochastic neural networks become 
a more suitable choice. Developing a suitable 
mathematical model for stochastic neural 
networks is based on canonical representation 
of stochastic processes or systems by means of 
Karhunen-Loeve Theorem and it gives an 
increment in understanding of the simulation 
[15,16,17]. 
 
3.7. Vector Quantization of Images 
Vector quantization  is a technique that can be 
used in discrete data sources in digital data 
sequences for storage and transmission map 
analogue waveforms. 
To speed up the coding process which is a 
basic process in vector quantization different 
methods like artificial neural networks are used 
in many studies.  Because some parameters 
are stochastic in this technique stochastic 

 In the studies about vector quantization in the 
literature neural network are used with or 
without stochastic properties [18,19]. 
In one study with, stochastic neural network a 
method named a Local Stochastic Competition 
(LSC) is presented. LSC approach is related to 
Radial Basis Function (RBF) Neural Network 
architecture [20]. 
 
3.8. Gene Regulatory Networks 
In gene regulatory processes, to constitute a 
mathematical model, large amount of data is 
necessary.  Because gene expression involves 
some noise, stochastic models are more 
suitable to define gene regulatory. 
The study about this subject [21], presented a 
stochastic model by combining stochastic 
processes with neural networks for large scale 
gene  networks  and  showed  that  it  is  an  
effective way to represent this problem with 
this type of neural networks. 
 
3.9. FPGA-Based Implementation 
Stochastic neural networks are not only 
implemented mathematically or soft, but also 
with hardware reconfigurable field-
programmable gate arrays (FPGAs) provide an 
effective programmable resource for 
implementing hardware-based artificial neural 
networks and they do not implement only 
Hopfield neural networks but also stochastic 
type neural networks [22]. 
 
3.10. Economic and Financial 

Applications 
On the contrary to general opinion, neural 
networks are not only used in physical sciences  
problems but they can be also a solution for 
social sciences like economics and finance. 
There are some example papers in the 
literature that handles economics and financial 
problems. One of the examples of this type of 
applications is prediction of fall or rise of 
TOPIX (Tokyo Stock Price Index). But it is 
understood that the stochastic neural network 
is not so advantageous over other networks or 
models for prediction of the TOPIX used for  
training [23]. In forecasting financial chaotic 
time series, stochastic neural networks are also 
an alternative solution method and examined in 
[24].  
 
3.11. Reinforcement :  
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models provide better descriptions for this 
method usually.  

Using stochastic synapse neural networks in 
global reinforcement learning in neural  

networks is first studied in 1992 in [25] and 
after that  in 2006 in [26] a more general 
formulation is found. 

 
4. CONCLUSIONS 
In this paper, it is summarized the studies in 
the literature which use stochastc neural 
networks for solving optimisation problems. 
Artificial neural networks are already 
alternative heuristic methods for optimisation 
problems apart from the classical methods. 
When the situation that is investigated with 
neural networks have some random and 
stochastic properties, this type of properties 
must also be added to the neural network 
structure used. This type of neural network is 
called stochastic neural network and provides 
usually better solutions to optimisation 
problems than classical Hopfield neural 
networks. 
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Abstract: This paper addresses the behavior of multistorey structures considering soil structure interaction under 
earthquake excitation. For this purpose, sample 3, 6, 9 storey RC frames are designed based on Turkish Seismic 
Design Code and analyzed in time domain with incremental dynamic analysis. Strength reduction factors are 
investigated for generated sample plane frames for 64 different earthquake motions recorded on different site 
conditions such as rock, stiff soil, soft soil and very soft soil. According to the analysis result, strength reduction 
factors of sample buildings considering soil structure interaction are found to be almost always smaller than 
design strength reduction factors given in current seismic design codes, which cause an unsafe design and non-
conservative design forces.  
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1. INTRODUCTION 
Current seismic provisions allow nonlinear 
response of building structures in the event of 
strong ground motions due to economic 
factors. As a matter of such a design approach, 
strength reduction factor (Rµ) which is the ratio 
of elastic base shear to the one required for a 
target ductility level are used in seismic design 
codes. Most of the seismic design codes 
currently applied in structural design do not 
take into consideration the soil structure 
phenomenon. It has been known for many 
years that soil structure interaction affects the 
elastic strength demand of structures because 
of the longer period and higher damping ratio 
of interacting system compared to the fixed 
base case. However, soil structure interaction 
effects on inelastic displacement ratios and 
strength reduction factors – especially for 
multi  storey  structures  –  have  not  been  the  
topic of comprehensive researches, yet. 
Strength reduction factors have been the topic 
of several investigations so far. The first well-
known studies on strength reduction factors  

 were conducted by Veletsos and Newmark [1] 
and Newmark and Hall [2]. They proposed 
formulas for strength reduction factors as 
functions of structural period and displacement 
ductility to be used in the short-, medium- and 
long period regions. Alternative formulas were 
proposed by Lai and Biggs [3] and Riddell et 
al. [4]. The first study that considered the 
effects of soil conditions on the strength 
reduction factors was conducted by 
Elghadamsi and Mohraz [5]. 
Another study which considered the site effects 
on the strength reduction factors was 
conducted by Nassar and Krawinkler, also 
considering the effects of yield level, strain 
hardening ratio and the type of inelastic 
material behavior [6]. More recently, Miranda 
[7] studied the influence of local site 
conditions on strength reduction factors, using 
a group of 124 ground motions classified into 
three groups as; ground motions recorded on 
rock, alluvium and very soft soil. During last 
decade, soil-structure interaction effects on 
strength reduction factors have been the topic  
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of some investigations. Aviles and Perez-
Rocha studied on strength reduction factors 
using the great 1985 Michoacan earthquake 
recorded at one site representative of the 
lakebed zone in Mexico City [8]. Also 
Ghannad et al. [9] studied on strength 
reduction factors for two different aspect ratios   
(h/r = 1, 3) two values of non-dimensional 
frequency (a0 = 1, 3) and three levels of 
nonlinearity (µ = 2, 4, 6). 
In this study, the seismic behavior of multi 
storey structures considering soil structure 
interaction effects is investigated. For this 
purpose, sample 3, 6, 9 storey plane frames 
were generated according to Turkish Seismic 
Design Code [10]. Incremental dynamic 
analyses were performed for those sample 
buildings using 64 ground motions recorded on 
different site conditions such as rock, stiff soil, 
soft soil and very soft soil. Strength reduction 
factors are investigated for generated sample 
plane frames. 
Strength reduction factor (R) is defined as the 
ratio of elastic base shear to design strength of 
a building whereas the ductility part of strength 
reduction factor (Rµ)  can  be  defined  as  the  
ratio of elastic base shear to actual strength of 
a building. In this study, elastic base shear is 
calculated separately for each record using the 
scale factor obtained from incremental 
dynamic analysis. This scale factor is obtained 
as the factor which causes the first yield point 
of building. Strength reduction factors are 
obtained as the ratio of elastic base shear 
which is the product of mass times spectral 
acceleration at first period of vibration and 
scale factor from which elastic behavior is not 
valid anymore, to design base shear of 
buildings. 
 
2. GEOMETRY OF SAMPLE FRAMES 

AND GROUND MOTIONS  
Sample  3,  6  and  9  storey  RC  frames  are  
designed and detailed according to Turkish 
Seismic Design Code [10]. All frames are 
designed to be a moment resisting frame 
having three bays with a span length of 3m and 
a storey height of 3 m. The characteristic 
compressive strength of concrete is assumed to 
be  25  MPa  for  the  design  of  the  sample  
buildings and Steel Grade 420 is considered 
for reinforcing steel, which has characteristic 
yield strength of 420 MPa. Aspect ratios, 
number of stories and initial periods of sample 

 buildings are given in Table 1. 
 

Table 1. Sample buildings 
Aspect ratio (h/r) 1 2 3 
Number of stories 3 6 9 
Initial period (s) 0.54 0.91 1.25 

 
3. ANALYSIS PLATFORM AND    

RESPONSE PARAMETERS  
For incremental dynamic analysis, the 
SeismoStruct computer package capable of 
predicting the large displacement behavior of 
space frames under static or dynamic loading, 
taking into account both geometric 
nonlinearities and material inelasticity using 
fibre approach to represent the cross-section 
behavior where each fibre is associated with a 
uniaxial stress-strain relationship is used [14]. 
To obtain the seismic performance and/or 
considered structural parameters such as 
strength reduction factors of sample buildings 
for both fixed-base and interacting cases from 
inelastic dynamic analysis results, definitions 
for response parameters are needed. The most 
important limit state in the response of the 
buildings to obtain strength reduction factors is 
yielding. The criteria used for defining yielding 
is classified into two groups; local and global 
criteria. The local yield criterion is defined as 
the first point when the strain in the 
longitudinal tensile reinforcement exceeds the 
yield strain of steel or the cover concrete 
crushes. The material strains corresponding to 
these situations are, 0.002 for cover concrete 
(εco) and 0.0021 for reinforcing steel (εsy), 
respectively. For global criteria, the yield 
capacity of the structure is defined as the point 
where the incremental dynamic analysis curve 
leaves the linear path. 
 
4. STRENGTH REDUCTION FACTORS 
Strength reduction factor (R) of sample 
buildings for both fixed-base and interacting 
cases are calculated from incremental dynamic 
analyses. Variation of mean strength reduction 
factors of interacting case with aspect ratio for 
different soil classes is shown in Figure 1. The 
top line shows the mean strength reduction 
factors of soil class A whereas the bottom line 
shows the factors of soil class D. Strength 
reduction factors of soil class B and C are 
between these lines. It can be seen from this 
figure that, strength reduction factors decrease 
from soil class A to D. 
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Figure 1. Variation of mean strength reduction 

factors of interacting case with aspect ratio 
 
Figure 2 shows the histogram of R̃ factor for 
all sample buildings regardless of difference in 
soil classes. The strength reduction factor  

 given in codes for the considered sample 
buildings is also shown in figures with dashed 
line.  It  can  be  seen  from  the  figures  that,  
strength reduction factors calculated 
considering soil structure interaction are 
generally smaller than the one given in codes. 
 
 
 
 
 
 
 
 
Figure 2. Histograms of R factor considering 

soil structure interaction for allsoil classes 
 

 
Table 2. Earthquake ground motions used in analyses 

Earthquake  Mag Station Station 
number 

Distance 
(km) Comp. 1 PGA  

(g) 
PGV 

(cm/s) Comp. 2 PGA 
 (g) 

PGV  
(cm/s) C 

Loma Prieta 
18/10/89 7.1 Coyote Lake 

Dam 57217 21.8 CYC195 0.151 16.2 CYC285 0.484 39.7 A 

Loma Prieta 
18/10/89 7.1 Monterey 

City Hall 47377 44.8 MCH000 0.073 3.5 MCH090 0.063 5.8 A 

Loma Prieta 
18/10/89 7.1 SC Pacific 

Heights 58131 80.5 PHT270 0.061 12.8 PHT360 0.047 9.2 A 

Northridge 
17/01/94 6.7 Lake Hughes 

9 127 28.9 L09000 0.165 8.4 L09090 0.217 10.1 A 

Northridge 
17/01/94 6.7 

Wrıghtwood 
- Jackson 
Flat 

23590 68.4 WWJ090 0.056 10 WWJ180 0.037 7 A 

Northridge 
17/01/94 6.7 Sandberg 

Bald Mtn 24644 43.4 SAN090 0.091 12.2 SAN180 0.098 8.9 A 

Kocaeli 
17/08/99 7.8 Gebze - 17 GBZ000 0.244 50.3 GBZ270 0.137 29.7 A 

Northridge 
17/01/94 6.7 MT Wılson-

Cıt Sta. 24399 36.1 MTW000 0.234 7.4 MTW090 0.134 5.8 A 

Loma Prieta 
18/10/89 7.1 

Anderson 
Dam 
Downstream 

1652 20 AND270 0.244 20.3 AND360 0.24 18.4 B 

Northridge 
17/01/94 6.7 Castaic Old 

Ridge 24278 25.4 ORR090 0.568 52.1 ORR360 0.514 52.2 B 

Northridge 
17/01/94 6.7 LA Century 

City North 24389 18.3 CCN090 0.256 21.1 CCN360 0.222 25.2 B 

Kocaeli 
17/08/99 7.8 Arçelik - 17 ARC000 0.218 17.7 ARC090 0.149 39.5 B 

Loma Prieta 
18/10/89 7.1 Golden Gate 

Bridge 1678 85.1 GGB270 0.233 38.1 GGB360 0.123 17.8 B 

Northridge 
17/01/94 6.7 Ucla 

Grounds  24688 16.8 UCL090 0.278 22 UCL360 0.474 22.2 B 

Northridge 
17/01/94 6.7 LA Univ. 

Hospital  24605 34.6 UNI005 0.493 31.1 UNI095 0.214 10.8 B 

Düzce  
12/11/99 7.3 Lamont 1061 1061 15.6 1061-E 0.107 11.5 1061-N 0.134 13.7 B 

 

Mag: Magnitude,   C: Site Class   
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Table 2. Earthquake ground motions used in analyses (cont.) 

Earthquake  Mag Station Station 
number 

Distance 
(km) Comp. 1 PGA  

(g) 
PGV 
(cm/s) Comp. 2 PGA 

 (g) 
PGV  

(cm/s) 
Site 
class 

Landers 
28/06/92 7.4 

Yermo 
Fire 
Station 

22074 26.3 YER270 0.245 51.5 YER360 0.152 29.7 C 

Loma Prieta 
18/10/89 7.1 

Hollister - 
South & 
Pine 

47524 28.8 HSP000 0.371 62.4 HSP090 0.177 29.1 C 

Northridge 
17/01/94 6.7 Downey-

Birchdale 90079 40.7 BIR090 0.165 12.1 BIR180 0.171 8.1 C 

Northridge 
17/01/94 6.7 LA-

Centinela 90054 30.9  CEN155 0.465 19.3 CEN245 0.322 22.9 C 

Imperial 
Valley 
15/10/79 

6.9 Chihuahua 6621 28.7 CHI012 0.27 24.9 CHI282 0.254 30.1 C 

Imperial 
Valley 
15/10/79 

6.9 Delta 6605 32.7 DLT262 0.238 26 DLT352 0.351 33 C 

Loma Prieta 
18/10/89 7.1 Gilroy 

Array #4 57382 16.1 G04000 0.417 38.8 G04090 0.212 37.9 C 

Düzce  
12/11/99 7.3 Bolu Bolu 17.6 BOL000 0.728 56.4 BOL090 0.822 62.1 C 

Loma Prieta 
18/10/89 7.1 

Appel 2 
Redwood 
City 

1002 47.9 A02043 0.274 53.6 A02133 0.22 34.3 D 

Northridge 
17/01/94 6.7 Montebell

o 90011 86.8 BLF206 0.179 9.4 BLF296 0.128 5.9 D 

Superstition 
Hills 
24/11/87 

6.6 
Salton Sea 
Wildlife 
Refuge 

5062 27.1 WLF225 0.119 7.9 WLF315 0.167 18.3 D 

Loma Prieta 
18/10/89 7.1 Treasure 

Island  58117 82.9 TRI000 0.1 15.6 TRI090 0.159 32.8 D 

Kocaeli 
17/08/99 7.8 Ambarli - 78.9 ATS000 0.249 40 ATS090 0.184 33.2 D 

Morgan 
Hill 
24/04/84 

6.1 
Appel 1 
Redwood 
City 

58375 54.1 A01040 0.046 3.4 A01310 0.068 3.9 D 

Düzce  
12/11/99 7.3 Ambarlı - 193.3 ATS030 0.038 7.4 ATS300 0.025 7.1 D 

Kobe 
16/01/95 6.9 Kakogawa 0 26.4 KAK000 0.251 18.7 KAK090 0.345 27.6 D 

 

Mag: Magnitude   
Figure 3 shows the variation of ratio of design 
strength reduction factors given in codes to 
calculated strength reduction factors 
considering soil structure interaction against 
period for soil classes A to D, respectively. It 
can be seen from the figure that, strength 

 reduction factors of interacting systems are 
almost always smaller than the design strength 
reduction factors given in codes. Thus, using 
the fixed-base strength reduction factor for 
interacting case lead to non conservative 
design forces. 
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Figure 3. Ratio of strength reduction factor calculated considering soil structure interaction to design 
strength reduction factor for soil classes 

 
5. CONCLUSIONS 
In this study, the seismic behavior of multi 
storey structures considering soil structure 
interaction effects is investigated. For this 
purpose, sample 3, 6 and 9 storey plane frames 
were generated according to Turkish Seismic 
Design Code. Incremental dynamic analyses 
were performed for those sample buildings 
using 64 ground motions recorded on different 
site conditions such as rock, stiff soil, soft soil 
and very soft soil to determine the yielding and 
collapse capacity of each sample building. The 
following conclusions can be drawn from the 
results of this study. Variation of mean 
strength reduction factors of interacting case 
with aspect ratio for different soil classes is 
shown  in  Figure  1.  It  can  be  seen  from  this  
figure that, strength reduction factors decrease 
from soil  class  A to  D.  The  ratio  between the  
cases of soil class A and D can be up to 2.0. 
The histogram for strength reduction factor 
values considering soil structure interaction is 
given  in  Figure  2.  It  is  seen  that  strength  
reduction factors calculated considering soil 
structure interaction are generally smaller than 
the one given in codes. There is a limited 
similar tendency for soil classes A and B. This 
case leads an unsafe design in case of primary 
soil structure interaction effects. The strength 
reduction factor values considering soil 
structure interaction are almost always lower 
than the strength reduction factor value given 
in codes for design for all sample buildings 
investigated. Especially for soil classes C and 
D, soil structure interaction effects on strength 
reduction parameters can’t be neglected. Thus, 
using the fixed-base strength reduction factor 
for interacting case, lead to non-conservative 
design forces.  
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