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 Most of the people spend their most more the time in closed environments during their 
life. The quality of living atmosphere is really important because of this long contact time 
period. In inhaled respiration air is contain particle matters pollutant sources in the 
atmospheric environment, like volatile organic compounds, dusts and different sizes of 
particulate matters. The health impact of these substances has been investigated in 
recent years on may scientifically research. In this investigation, particulate matter 
PM2.5 size dimension, which is one of the indoor air pollutants, was carried out in Selcuk 
University public shopping center and the data were compared according to seasons, 
weekday and weekends. For the preparing 3-dimensional mapping, Surfer v.16 
computer packed program was used and data modelling was investigated. Certain 
intervals were measured during three seasons. The measured shopping center is located 
in the Alaeddin Keykubat campus of Selcuk University. Measurement PM2.5 values in the 
center of Gökkuşağı shopping center exceed the standards of WHO, and it was observed 
that summer values were lower than winter seasons. Higher values were observed in the 
winter season. In terms of measurement area, higher PM concentrations were found in 
Gökkuşağı shopping center than in similar shopping malls.  

 
 
 
 
 

1. Introduction  
 

Many of the epidemiological studies on particulate matter in the world have shown that the high air pollution 
caused by these substances, respiratory tract diseases, cardio vascular system and lung problems are great 
importance on human health [1]. The fact that people generally spend about 90% of their time indoors is clear 
how important the air quality of these environments is. However, most of the studies to determine the amount of 
particulate matter in the world have been carried out outdoors, and the studies carried out in closed environments 
are limited [2]. Particulate matter, which is a mixture of organic and inorganic compounds, is defined as an 
important source of air pollution. These particles, which are generally divided into two groups in terms of mass; 
defined as coarse particles (above 10 μm) and fine particles (below 2.5 μm). The residence time of the particles in 
the air depends on the particle size, the smaller the size of the particles, the longer the residence time in the air 
[3]. 

While coarse particles (>2.5 μm) are mostly formed as a result of mechanical processes, fine particles (<2.5 μm, 
PM2.5) and ultrafine particles (<0.1 μm) can also be formed as a secondary pollutant as a result of chemical 
reactions of gases and fuels, for example diesel. It is the direct discharge of fuels to the environment as a result of 
combustion [4]. Concentration levels of indoor particles, the main source of which are activities in indoor 
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environments and outdoor pollution, generally vary due to factors such as the change rate of air, indoor activities, 
outdoor PM level, aerodynamic diameters of particles released into the environment [5]. Smoking, ventilation 
mechanisms, heating, cooking and other indoor activities in indoor environments can cause the dispersion of dusts 
and particles in the indoor environment. When the activities that can cause the dispersion of these particles do not 
occur, normal activities of people, cleaning activities, moving, skin rashes, dust particles precipitated from fabric 
and paper fibres may cause the dispersal of dust particles to the environment again [6]. Today, due to the 
prevalence of research on air pollution and the health problems it causes, it is carried out with the data of outdoor 
air quality. However, since people spend 87% of their time indoors and these environments have poor air quality, 
indoor data should be examined instead of outdoor data in order to evaluate the impact of the air in the 
environment on health. 

It is expressed as the air contained in buildings such as workplaces, residences, shopping and living centres, 
interior spaces of transportation vehicles (bus, car, ship, train, etc.), schools and offices indoor air. Indoor air 
pollution is the presence of substances that can harm health in the above-mentioned environments. The amount 
and concentration of these substances in the environment differ according to the characteristics of the 
environment, the building and interior materials used in the construction of the building, and the behaviour of the 
individuals in it. For example, the increase in dust and particulate matter rates in the corridors caused by the 
movements of the students in a school building, as well as the equipment such as printing machine and 
photocopying machine used in a stationery shop, caused the spread of various volatile organic compounds to the 
environment. It is a known fact that human performance is affected by indoor air quality. For human comfort and 
productivity, the indoor environment must be at 19-20°C and the humidity of the air he breathes must be 30-50% 
[7]. 

The presence of pollutants in the air by being directly discharged from the source to the atmosphere is called 
primary particles. Volcanic, soil dust, particles detached from leaf surfaces are all natural main sources of primary 
particles. Steam generators, traffic, construction and agricultural activities, heating processes are anthropogenic 
sources. Particles smaller than 1 μm in diameter are usually formed from combustion sources, while particles 
larger than 1 μm in diameter are formed from natural sources. Secondary particles are the particles formed as a 
result of the condensation of the primary particles dispersed in the atmosphere with other species in the air, 
adsorption to the surface and some reactions. 

PM2.5 exposure threshold has not been defined to provide an unequivocally safe and complete level of 
protection against all adverse health effects [8]. However, in order to limit the health effects of fine particle 
pollution, the World Health Organization (WHO) has proposed guidelines for annual and short-term (24 hours) 
human exposure to PM2.5. In addition to these global standards, WHO encourages governments to define and 
implement national standards [9]. Along with the guideline levels, WHO has defined three intermediate exposure 
levels to gradually reduce PM2.5 concentrations. In addition, WHO recommends an annual average, with priority 
over the 24-hour average, as high PM2.5 events are generally less harmful than annual exposure to high PM2.5 
levels. The current WHO's annual average air quality guide (AQG) is 10 μg/m3. Australia and the Canadian province 
of British Columbia are national jurisdictions that introduced a lower standard of 8 μg/m3 [10, 11]. 
 

2. Material and Method 
 

The variation of the levels of air pollutant concentrations between regions in big cities is shaped by the 
characteristics of the regions [12]. In this study, which was started on the basis of shopping centres located in 
Selçuklu district of Konya province, it was chosen as the appropriate location for measurements. This place, which 
was chosen by paying attention to its indoor environment, is located on the campus of Selcuk University. 

Social facilities serving students and staff in Selçuk University Alâeddin Keykubat Campus were deemed 
suitable as a location for carrying out measurements and collecting data. Rainbow is located in front of the medical 
faculty, approximately 400 meters from the campus entrance. This building, which covers an area of approximately 
13000 m², consists of 63 stores, stationery, bookstores and restaurants. 

In the northern part of the building, there are two corridors with a width of approximately 2 m on the east and 
west sides, and the entrances of some shops are within those corridors, the air pollutants circulating in these 
corridors, which consist of low ceilings, are trapped in a narrow area, causing them to be close to the respiratory 
level. 

Although the shops have their own ventilation systems, they are not available in the common areas. As a result 
of the fact that the areas with an air blowing system were out of use due to technical failures, a suspended ceiling 
was built and completely closed. Although the Gökkuşağı shopping center, which was built and put into operation 
in 1999, underwent simple renovations over time, no general restoration was carried out from its opening to the 
working period. 13 points were determined for the measurements to be made in the rainbow (Figure 1). 
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Figure 1. Selcuk University Alaeddin Keykubat Campus Gökkuşağı shopping centre sampling points (edited from 
[13]) 

 

2.1. Particulate matter meter measurement device 
 

The measurement methods of dust and particles in the air vary according to the volume of the particles and the 
desired results in the study. Thanks to electronic recording, the data can be displayed numerically in a laser 
particle counter and dust measuring device “Particle Counter PCE-PCO1” configured to determine the 
concentration of particles in the air. This device is used in clean rooms, indoor air quality, exposure to exhaust, 
tobacco or cigarette smoke and other harmful air pollutants, and for monitoring airborne dust levels. 

The particle counter was developed to precisely determine the pollution level. The device measures 6 different 
particle sizes (0.3 µm, 0.5 µm, 1.0 µm, 2.5 µm, 5.0 µm, 10 µm), measurements (more than 5000 measurements) 
can be saved in the internal memory, A large colour LCD with backlight, for image and video recording other 
features include a built-in camera, air temperature, dew point and relative humidity sensors, displaying the 
temperature in °C or °F. This device, which is deemed suitable for taking measurements at different points in terms 
of its easy portability, should be charged and prepared before going to the measurement site and zeroed by 
calibration in a dust-free standard environment before measurement. 

The device also has 3 different sampling modes: cumulative, differential (differential) and concentration. The 
desired mode must be selected before measuring. In addition to these features, the date and time, language and 
screen brightness can be adjusted optionally from the system settings. In these studies, it is of great importance 
that the data obtained depending on the sampling and measurement period are constantly (if possible, daily 
checked) from the memory card of the device to the computer environment in order to avoid data loss. 
 

2.2. Modelling and graphics program Surfer-16  
 

This software, produced by Golden software company, consists of a 3D graphics system. It is used for gridding 
scattered data recorded in different environments, creating contour maps and obtaining 3D images [14]. Since 
1984, more than 100,000 scientists and engineers worldwide have benefited from Surfer. The program's 
exceptional shaping capabilities make it the preferred software for working with X,Y,Z data. It shows high 
performance to visualize X,Y,Z data with stunning clarity and accuracy. This program, which transforms the 
collected data into information, visualizes the data in high quality while preserving its accuracy and precision. 
Along with Surfer's extensive modelling tools, interpolation and grating parameters can be adjusted, define errors 
and breaks, or perform grid calculations such as volumes, transformations, smoothing or filtering [15]. 

It consists of map types such as contour, calculation, 3D surfaces, colour relief, etc., and provides tools to 
visualize and model all types of data. The type of map obtained in this study is contour map. After making all the 
statistical calculations by turning the 3D data loaded on the worksheet into a grid, the map is created by selecting 
the desired map type. In order to make the map more meaningful and readable, the map can be personalized with 
various customization options, thanks to the window in the lower left corner of the screen. These options include 
sections, magnifiers, scale bars and edits such as multi-axis, linear or logarithmic color scales, combining multiple 
maps, text, line, fill, and symbol properties [15]. 
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2.3. Particulate matter PM2.5 measurement method  
 

In the researches carried out to determine the particulate matter concentrations, the pollutant sources in the 
external environment were examined. By comparison, there is little information on indoor particulate matter 
pollution, its concentrations, sources, and exposure levels to people who spend most of their time in various indoor 
environments [16]. In this study, which was started to determine the effect of seasonal changes on particulate 
matter, summer, autumn and winter seasons were selected to take measurements, and two-day measurements 
were made on weekdays and weekends. The total measurement period was completed as 4 days in each period. 

In all three seasons when the measurements were made, the daily measurement program lasted for 10 hours, 
depending on the working hours of the venues. Measurements were repeated 6 times a day with an interval of 2 
hours. After taking the coordinates of the measurement points, the data collected at the end of each season are 
listed in the Excel program in such a way that daily, weekly and hourly averages are taken. X and Y coordinates 
and Z coordinate represented the measured PM2.5 values. A worksheet was created by transferring X,Y coordinates 
and measurement values to the SURFER-16 program. Statistical calculations were made by converting the 
prepared data into tables. Then, contour map is selected from the map options in order to show the contour lines. 
The customization window is used to clearly show high and low concentrations and dispersion lines on the map. 
 

3. Results and Discussion 
 

Particulate matter measurements were carried out in three different seasons in the rainbow shopping center 
of Selçuk University Alaeddin Keykubat campus, an important shopping center in Konya. The sampling period was 
carried out between 21.05.2018 - 03.06.2018. During the measurement periods, measurements were made for 
one week. Weekly average distributions of particulate matter PM2.5 were prepared with Surfer 16 by measuring 
6 times a day. 

Within the scope of the research, it was arranged to be close to the opening and closing hours of the shopping 
center between the hours of weekdays and weekends (09.00 - 19.00). As a result of the study, the average values 
of PM2.5 obtained from the examination of all data during the week and at the weekend are shown in Table 1. 
 

Table 1. This is the example of table formatting 
Sampling period Weekday average PM2.5 μg/m3 Weekend average PM2.5 μg/m3 
Summer 600 528 

 

According to the summer period data, the average of PM2,5 at 9:00 in the morning was 580 μg/m3 on weekdays 
and 720 μg/m3 on weekends. While the most intense point of pollution was at point B on weekdays, it was seen 
intensely at points B and C on weekends. point B; it is in a narrow and closed corridor with cooking stoves, 
hairdressers, tailors and locksmiths. Thanks to these shops that are actively working, there is not much difference 
between weekday and weekend values. Point C, on the other hand, corresponds to the aforementioned corridor in 
the shopping mall, on the west side of the building. There is a restaurant material entrance area, a medical 
equipment sales point and a clothing store door opening to this corridor. The value seen over the weekend appears 
to have increased due to the material loading in the corridor. The modelling results are shown in Figure 2. 
 

 
a.                                                                    b. 

Figure 2. Summer season at Gökkuşağı Mall at 9:00 a.m. a-Weekdays, b-Weekend average 
 

As the middle of the day approaches, the values increase slightly and the measurements made around 11:00 
reflect the modelling in both weekday and weekend averages. The average of PM2.5 at 11 o'clock was found to be 
1040 μg/m3 on weekdays, and very close values were obtained as 1050 μg/m3 at the end of the week. The intense 
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pollution zone seen on weekdays exactly coincides with the middle parts of the building, some of the corridors and 
restaurants (Figure 3). 

With the campus staff and students taking a lunch break around this time, the number of people inside the 
Rainbow Shopping Centre increases significantly. In this time period, PM2.5 concentration also increases in direct 
proportion to the increase in the number of people. PM2.5 is higher than weekdays, but PM2.5 is higher at the 
weekend. A. This spot is located at the north entrance of the building and is mostly open. Other parts of the building 
have normal PM2.5 values, and it is thought to be high in the north door entrance and PM2.5 as a source of pollutants 
originating outside. Modelling results for 11:00 am measurements are shown in Figure 3. 
 

 
a.                                                                    b. 

Figure 3. Summer season at Gökkuşağı Mall at 11:00 am. (a-Weekdays, b-Weekend average) 
 

The high values of the weekend compared to the weekdays gave similar results at the average of 13:00. 
Weekday average was 720 μg/m3 and weekend average was 740 μg/m3. As a result of the dispersal of the majority 
(students and school personnel) who entered the shopping mall after the lunch break time was over, a decrease 
was observed in the values of PM2.5 in the indoor environment. In addition, it causes PM2.5 dilution in the indoor 
environment due to the ventilation activities carried out by doors and windows in the indoor environments in 
summer. The results at time 13.00 are shown in Figure 4. 
 

 
a.                                                                    b. 

Figure 4. Summer season at Gökkuşağı Mall at 13:00 (a-Weekdays, b-Weekend average) 
 
The average of 15.00 μg/m3 on weekdays during the summer period was found to be 1700 μg/m3, when we 

look at the PM2.5 values, PM2.5 concentrations between 900-1,700 μg/m3 along the B, F, G, H, I, J, K points 
correspond to the end of working hours. This indicates an increase in the number of visitors and a crowd in the 
shopping mall. This is especially true where these points (corridors and dining areas) are located. As the crowd 
increases in closed environments, there is an increase in particulate matter in direct proportion. This is a situation 
that can be seen even in the case of ventilation in the summer season. As the human activity rate increases, PM2.5 
concentrations increase. 
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Weekend PM2.5 results were 900 μg/m3, half the weekday average. Although the points where the values are 
high are the same, the concentration of particulate matter is lower due to the decrease in the number of visits to 
the shopping mall after 15:00 on the weekend. The results at 3:00 PM are shown in Figure 5. 
 

 
a.                                                                    b. 

Figure 5. Summer season at Gökkuşağı Mall at 3:00 pm (a-Weekdays, b-Weekend average) 
 
In general, point B of the rainbow with the highest PM2.5 value was observed at 17.00 with a high average of 

1550 μg/m3 on weekdays. Looking at this result, PM2.5 is seen at high values in the north and north east parts of 
the building. In the western part of the building, a lower value (around 600 μg/m3) was found throughout. The 
values rising again in the south-easter part of the building indicate the presence of the pollutant source entering 
the interior with the door open to the outside environment. Along with the decrease in the number of people on 
the campus towards the evening hours on weekends, the number of people coming to the shopping mall also 
decreases. It shows that this situation is observed at the weekend values at 17.00 hours and the average 
concentration decreased to 800 μg/m3. Figure 6 shows the weekday and weekend results at 17:00. 
 

 
a.                                                                    b. 

Figure 6. Summer season at Gökkuşağı Mall at 5:00 pm (a-Weekdays, b-Weekend average) 
 
PM2.5 level at 19.00, when the last measurement of the day was made, was 1,550 μg/m3 on weekdays and 370 

μg/m3 on weekends. At 19.00, it coincides with the patient visiting hours of the Selcuk University Medical Faculty 
Hospital, located on the west side of the Rainbow Mall. With this said, most of the visitors who come to the hospital 
at that hour stop by the shopping mall for food or shopping. On the contrary, PM2.5 level was found to be very low 
compared to weekdays due to the fact that there were very few people on the campus at the weekend. Figure 7 
shows the modelling results of the last measurement at 19:00 in the rainbow shopping mall in summer. 

With a general interpretation, as a result of the measurements made in the summer period, the lowest PM2.5 
value is 370 μg/m3. This value exceeds the hourly 25 μg/m3 limit set by WHO, EEA and EPA for PM2.5. In the 
outdoor air quality assessment management and regulation updated in 2008 in Turkey, the standard value for 
PM2.5 is 200 μg/m3. While the indoor air should be lower than these values, the results obtained exceed the HKDYY 
limit value. 
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a.                                                                    b. 

Figure 7. Summer season at Gökkuşağı Mall at 5:00 pm (a-Weekdays, b-Weekend average) 
 

4. Conclusion 
 

In this study, indoor air quality, the importance of which has started to be noticed in Turkey in recent years, 
has been examined. In this study, which was started in Konya, one of the most important industrial cities of the 
country, based on shopping centers, particulate matter PM2.5 measurements, which carry serious risk factors on 
human health and which is in the second rank among air pollutants by the World Health Organization, were made. 
Two different environments were selected for the measurements. Rainbow shopping center located on Selçuk 
University Alaeddin Keykubat campus was chosen as the first location for measurements. Measurements were 
made in three separate periods. Sampling was carried out during the summer season between 09:00 and 19:00 
between 21.05.2018 – 03.06.2018. When investigated how particulate matter PM2.5 affects indoor air quality 
throughout the season and what causes it. The results were mapped and modelled using the Surfer 16 program. 
While modelling, the results were interpreted as weekday and weekend averages. As a result, measurement PM2.5 
values in the center of Gökkuşağı Mall did not exceed WHO's standards [17]. 

It is thought that the fact that the building structure of Gökkuşağı shopping center is older has an effect on the 
results. In addition, the central ventilation system in the building was not repaired and closed for use years ago as 
a result of deterioration, resulting in insufficient air circulation inside. Thanks to the stationery, photocopiers, 
restaurants, clothing, tailors and cafes in the building, there are only 3 exit doors so that the pollutants dispersed 
in the indoor environment can mix with the outside environment. The number of daily visitors also had an effect 
on the high values observed especially at noon. In addition to the lack of ventilation, the absence of a ban on 
smoking caused the corridors in the northern part of the building to be exposed to the highest PM2.5 pollution. It 
is thought that the old building materials and the unrepaired structure also affect the pollution level. Since the 
measurements took place on campus, higher values were obtained during the week, except for some exceptional 
cases. This building, which is located right across the medical faculty hospital in terms of its location, caused an 
increase in PM2.5 pollution in the shopping mall in direct proportion to the patient visit hours of the hospital. 
 

5. Recommendation 
 

In order to breathe healthy air in closed living spaces where people spend most of their time, these 
environments and existing ventilation systems, devices and vehicles must be maintained by constantly monitoring 
and controlling in terms of quality atmosphere [18]. For this reason, it is necessary to implement methods that 
will ensure an acceptable indoor air quality in shopping malls. These methods are respectively; 

• Removal of the source affecting the environment, 
• Making central ventilation systems according to standards suitable for the environment in which they will be 

used, using them appropriately and maintaining them at regular intervals, 
• It is recommended to take precautions against smoking in closed environments. 
Also; universities should organize lectures, symposiums and educational seminars in educational institutions 

about the importance of indoor air quality and its effects on health. Due to the lack of standards determining indoor 
air quality in Turkey until today, it is recommended that the relevant institutions take action as soon as possible 
to establish standard values for this air, which has a direct impact on the health of living things. It should be 
ensured that the parameters determining the air quality in all provinces of Turkey are measured and modelling 
maps are created. 
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 Increasing environmental regulations and the widespread use of gasoline vapor 
recovery systems have become a current issue. The development of technology and 
equipment for the gasoline vapor recovery industry is also growing rapidly and the 
demands on the relevant technical standards are increasing. Depending on the 
domestic and international development of the gasoline vapor recovery technology 
and standard, the purpose of this study will be to examine the VRU systems developed 
to control the emissions of gasoline-sourced volatile organic compounds. Analysis of 
the relevant terminology will be carried out through a literature review. 

 

 
 
 
 

1. Introduction  
 

Gasoline consists of organic compounds obtained by the distillation of petroleum and enriched with various 
additives. Approximately 71 liters of gasoline can be obtained from 159 liters of crude oil. Gasoline used in 
industry and transportation has a significant impact both locally and globally. Gasoline can also be released into 
the environment from leaks and processes during production, transportation, and delivery, from storage tanks, 
spills, and combustion as liquid and vapor [1]. 

Volatile organic compounds (VOCs) are among the most common air pollutants emitted by the chemical 
industries and include hydrocarbons such as olefins, paraffin, and aromatics. VOCs adversely affect air quality 
and therefore human health. During the distribution and storage of gasoline, VOCs are emitted into the 
atmosphere by evaporation. The evaporation rate is a parameter dependent on vapor pressure, turbulence, and 
temperature. VOC emissions are not only an environmental hazard but also a loss of money. For this reason, 
systems are developed to minimize the amount of evaporation from bulk storage tanks and storage tanks in 
stations [2]. 

Gasoline vapor recovery systems are widely used in Europe and the USA. However, these systems have not 
been given the desired level of importance in Turkey. It is planned that the emissions released to the 
environment will be controlled by the Industrial Air Pollution Control Regulation. This will increase the need for 
steam recovery systems [3]. 

This study will be to examine the vapor recovery systems used for the control of gasoline-derived volatile 
organic compounds emissions. Evaluation of the relevant terminology will be carried out through a literature 
review. 
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2. Material and Method 
 

Gasoline is a worldwide commodity. Carbon dioxide, nitrogen oxides, and hydrocarbons are released as a 
result of gasoline burning. Emissions from hydrocarbons occur due to evaporation during the storage and 
distribution of gasoline. Some compounds are released during the storage and distribution of gasoline. These 
compounds are called volatile organic compounds (VOCs). VOCs constitute an important class of air pollutants 
and contain different organic compounds. They are pure hydrocarbons, partially oxidized hydrocarbons, 
chlorine, sulfur, and nitrogen-containing organics. Most VOCs are toxic and or carcinogenic [4]. 

In the United States, VOCs are defined as any carbon compound that participates in an atmospheric 
photochemical reaction except carbon monoxide, carbon dioxide, carbonic acid, carbonates, ammonium 
carbonate. The United Nations Economic Commission for Europe (UNECE) classifies VOCs according to their 
photochemical ozone generating potential (POCP). POCP is defined as the change in ozone production due to the 
change in the emission of the VOC [5]. 

In sunlight, VOCs react with nitrogen oxides to form photochemical oxidants such as ozone. Ground-level 
ozone is a well-known greenhouse gas. It is an important component of air pollution. Smoke also adversely 
affects human health and vegetation. Although VOCs and nitrogen oxides occur naturally, anthropogenic sources 
have greatly increased the concentration in the atmosphere. The sources of VOC emissions are shown in Table 1. 
 

Table 1. Percentage of emission [1] 
Emission Sources % 

Industrial and domestic 40 

Exhaust gases from motor vehicles 25 

Evaporation losses from motor vehicles 10 

Gasoline distribution 3 

Vehicle refueling 2 

Oil refining 3 

Others 17  

 
Gasoline distribution and vehicle refueling account for only 5% of total VOC emissions. These emissions are 

concentrated in gasoline storage stations where people are densely populated. A typical gasoline distribution 
system is shown in Figure 1.  
 
 

 
Figure 1. Gas storage and distribution system 

 
 
 
 

The control of emissions from gas storage facilities during the transportation of the final product to the 
consumer consists of three stages. (Figure 2): 
 

• Stage 1 - Includes the control of emissions at facilities when road tankers are loaded. 
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• Stage 2 - Includes control of emissions when road tankers are discharged into service station storage 
tanks 

• Stage 3 - It includes the control of emissions generated during vehicle refueling. 
 

During each of these steps, evaporation losses occur as shown in Figure 2 [6]. A product loss occurs unless 
the resulting vapor contains a VOC / air mixture. The VOC composition is a mixture of compounds with different 
boiling points of lower molecular weight than gasoline in shown Table 2. 
 

Table 2. Only VOC Typical gasoline vapor composition [2] 
Compounds Volume 

Isobutene 8% 

n-Butane 10%  

Propane 1.5%  

Pentane 14%  

Benzene 5000 ppm  

Hexane and others 6%  

Ethane Traces 

 
 

 
Figure 2. Evaporation emission from petrol storage systems 

 
 

3. Types of emissions in gasoline storage tanks 
 
 

Displacement emissions occur in underground storage tanks due to vapor displacement emissions from 
storage facilities as well as from fixed roof storage facilities. Total emission loss is 0.56% by volume.  

Filling emissions result from changes in tank content, temperature, and barometric pressures that cause the 
liquid and vapor in the tank to expand and contract. Discharging emissions occur when gasoline is pumped out of 
a storage tank, causing air intake through pressure/vacuum relief valves. The incoming air will dilute the VOC / 
air mixture previously in the tank, causing an increase in evaporation to restore equilibrium. Filling and 
discharge emissions from storage tanks account for 0.02% of total emission losses and 0.01% of emissions from 
station storage tanks.  

While refueling a motor vehicle, the incoming gasoline replaces the gasoline vapor in the fuel tank and causes 
it to escape into the atmosphere. These emissions account for 0.18% by volume of total emissions from gasoline 
storage and distribution systems [3].  
 

4. Vapor recovery systems for emission control  
 

In this section, steam recovery systems that can be applied to the terminals are examined. The efficiency, 
reliability, safety, and production capacity of these systems were evaluated. 



Advanced Engineering Science, 2022, 2, 9-14 
 

12 
 

4.1. Absorption - Compression-Refrigeration Systems (ACR) 
 

ACR works on the principle that gasoline vapor is absorbed under pressure. The first unit in ACR systems 
conditions the steam entering the absorber. It increases absorber efficiency, reduces heat losses, and increases 
system safety. Firstly, the inlet vapors are saturated to eliminate explosiveness. Cooling and compression 
processes are performed before partially saturated vapors enter the absorber. Then the compressed vapors are 
sucked in contact with the cooled gasoline. Air containing a small number of hydrocarbons passes through the 
absorber into the atmosphere. Gasoline enriched with light tips is drawn from under the absorber and returned 
to the fuel storage tanks. The operating conditions in the absorber vary according to the manufacturers. The 
ambient temperature is -23°C and working pressures are between 3.10 – 14 bars. These values vary depending 
on terminal operating conditions and vapor storage capacity. The outlet hydrocarbon concentration is 
determined according to the absorber operating conditions. When the results of the field tests are examined, it 
has been determined that the values between 1% and 4.5% by volume. Auxiliary compressors can be needed to 
achieve 90% steam recovery from ACR systems [7].  
 
4.2. Condensation – Compression – Refrigeration Systems (CCR) 
 

The CCR systems work on the principle of condensation of hydrocarbon vapors by compression and cooling. 
Inlet vapors are saturated above the flammability range in the first stage and then the saturated vapors are 
compressed. Condensate is drawn from the intercooler. The compressed vapors, together with the condensation 
coming from the intercooler, pass through the condenser and return to the gasoline storage tank. Hydrocarbon-
free air is sent to the condenser. Each manufacturer has slight differences from this basic flow diagram. The 
operating conditions of the system are temperatures ranging from -23.3 °C to -1 °C and pressures ranging from 
5.8 bars to 28.26 bars. These values vary depending on the terminal operating programs and steam storage 
capacity. Manufacturers report that the recovery rate of the system will increase up to 94% with the equipment 
to be added according to the operating conditions. The flow diagram of the system is as shown in Figure 3. 
 
 

 
Figure 3. CCR system flow diagram [8] 

 
 
4.3. Refrigeration Systems (RS) 
 

RS systems work on the principle of condensation of gasoline vapors by cooling under atmospheric pressure. 
The outlet vapors enter the horizontal finned condenser for cooling to -73°C. Air containing a low proportion of 
hydrocarbons is sucked from the bottom of the condenser The remaining air is released from the top of the 
condenser to the atmosphere. Cooling for the condenser coils is provided by a methyl chloride reservoir. A two-
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stage cooling unit is used to cool the stored brine solution between -76 °C and 51 °C. The vapor recovery 
efficiency depends on the hydrocarbon concentration of the vapors inlet the system. The field tests data of a 
system with a capacitor temperature of -73.3 were examined. It was found that the hydrocarbon concentration of 
0.6% to 2.6% by volume was stabilized by temperature. With these systems, recovery rates of hydrocarbons vary 
between 99% and 97% [9].  
 
 
4.4. Lean Gasoline absorption systems (LGA) 
 

LGA systems work on the principle of absorption of gasoline vapors into lean gasoline. The gasoline vapors 
are displaced along with the packed absorbent columns. The absorbed air is expelled from the top of the 
absorbent column. Enriched gasoline is recycled. The lean gasoline for the absorber is produced by heating and 
evaporating the gasoline in the tank. The separated hydrocarbons are condensed and sent back to the 
warehouse. The lean gasoline is stored separately for use in the absorption column [10].  
 
4.5. Membrane Systems 
 

MS is a simple and small vapor recovery system for a lower cost separation of gasoline from the vapor 
mixture. In recent years, several hundred gas stations have used these systems to clean tank vents. The air 
distributed from the station is collected and sent to the storage tank. When the pressure to be created in the tank 
reaches a predetermined value, the pressure switch activates the compressor to absorb the excess steam. Some 
of the hydrocarbon vapors condense and are returned in liquid form to the tank. The remaining hydrocarbon 
vapors are sent back to the tank as concentrated vapors. Air separated from 96%-98% hydrocarbons is 
discharged [11].  
 
 
5. Results 
 

Vapor recovery systems are units with high operational safety. The reliability of these technologies has been 
proven over two decades of use. Companies using ACR and CCR systems regularly report that the maintenance 
period is approximately one week a year. Freezing problems have occurred in systems exposed to temperatures 
below 0°C. Water vapor freezes in the system, preventing the heat transfer of the lines. The solutions for this are 
as follows [12].  

 
- During closed periods, a part of the system should be turned off and an automatic defroster should be 

added. 
- Methanol can be injected into the system to reduce the freezing point. 
- It has been shown that both solutions recommended for the icing problem give effective results. Another 

important part of ACR and CCR systems is the gasoline vapor compressor.  
 
Safety is of paramount importance in equipment design for working with flammable materials. Vapor 

recovery equipment manufacturers are aware of this and have included safety features in their designs. Vapor 
saturators are installed in the systems to prevent the possibility of explosion.  The compression ratios and 
associated off-gas temperatures should be kept at low levels to prevent overheating and spontaneous 
combustion [13]. Another potential danger in using a vapor recovery system is leaking. Regular maintenance 
does not cause any security problems [12]. 

 
6. Conclusion  
 

Product losses through evaporation create significant losses for companies. At the same time, environmental 
pollution caused by the uncontrolled release of these vapors is also a potential threat to living things.  Reducing 
material losses, increasing environmental regulations, reducing operational costs and greenhouse gases, and 
insufficient stocks in the industry and the country have paved the way for the development of products 
containing various technologies.  

Within the scope of this study, the product recovery efficiencies of various vapor recovery systems with 
different technologies were investigated.  Membrane systems have recovery efficiencies of 96-98%, but spare 
parts, maintenance, and operating costs are high. RS systems provide a recovery rate of up to 99%, while the rate 
of CCR systems is around 94%. ACR systems provide a 90% recovery rate at high pressures and low 
temperatures. It has been observed that CCR systems are frequently preferred by businesses, considering the 
operation, maintenance, investment costs, system control ease, and solutions to the icing problem. It is predicted 
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that the use of these systems will become widespread especially in our country due to environmental safety and 
economic factors. 
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 In this study, the effect of Al-Al, Al-Fe and Fe-Fe electrode configurations was 
investigated on reaction kinetics in removal of tetracycline antibiotic (TCY) by 
electrocoagulation. Response surface optimized reaction conditions were operated at 
800 mg/L tetracycline concentration, 8 mA/cm2 current density, 6 g/L NaCl electrolyte 
and 40°C reaction temperature at 60 min reaction time. The reaction kinetics study was 
carried out by nonlinear regression of the integral method with 95% confidence level on 
the basis of tetracycline concentration and COD concentration. The first order reaction 
rate equation was determined based on tetracycline concentration and reaction rate 
constants were calculated as 0.3919 min-1, 0.2918 min-1 and 0.2885 min-1 for Al-Al, Al-Fe 
and Fe-Fe, respectively. The second order reaction rate equation was determined based 
on COD concentration and reaction rate constants were calculated as 4.6710-4 mg-

1Lmin-1, 4.3210-4 mg-1Lmin-1 and 4.2810-4 mg-1Lmin-1 for Al-Al, Al-Fe and Fe-Fe, 
respectively. The activation energy values based on tetracycline concentration were 
calculated as 3.020 kJ/mol, 0.866 kJ/mol and 0.805 kJ/mol for Al-Al, Al-Fe and Fe-Fe, 
respectively. Based on COD concentration, the activation energy values were determined 
as 9.413 kJ/mol, 10.085 kJ/mol and 9.825 kJ/mol for Al-Al, Al-Fe and Fe-Fe, respectively. 

 

 
 
 
 
 
 

1. Introduction  
 

Antibiotics are chemotherapeutic agents that inhibits or terminates the growth of microorganisms. They can 
be grouped by their chemical structure or mechanism of action and can be divided into subgroups such as β-
lactams, quinolones, tetracyclines, macrolides, sulphonamides and others [1]. Antibiotics are being widely used in 
human medicine, veterinary medicine and in aquaculture to treat or prevent microbial infections. Wise [2] has 
been reported the worldwide annual consumption of antibiotics between 100,000 and 200,000 tons. Antibiotics 
are detected in hospital effluents, in municipal wastewater, and in sea, surface water and groundwater due to their 
consumption. Since antibiotics can be found in environmental matrices they are recognized as emerging pollutants 
[3]. Therefore, various processes have been investigated in order to remove the contamination arise from 
antibiotic sources [1].   

Electrocoagulation is an efficient method that has been used for the treatment of many types of wastewaters 
[4]. Electrocoagulation involves the process of formation of coagulants by electrolytic oxidation of the sacrificial 
electrode, destabilization of the contaminants, particulate suspension, breaking of emulsions and aggregation of 
the destabilized phases to form flocs [5]. 
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In electrocoagulation, Fe2+ and Al3+ ions generate with iron or aluminum sacrificial anodes and these ions 
immediately undergo spontaneous reactions to produce hydroxides and polyhydroxides [5,6]. The reactions with 
Fe and Al anodes are given in Equations 1-9, respectively. Fe2+ ions generated by electrochemical oxidation of Fe 
anode may form monomeric ions and polymeric hydroxy complexes depending on the pH of the solution [5,6]. 
Fe(OH)2 precipitates remaining in equilibrium with Fe2+ at pH > 5.5 up to pH 9.5 or with monomeric species such 
as Fe(OH)+, Fe(OH)2 and Fe(OH)3- at higher pH values [6]. 
 

Fe → Fe2+ + 2e− (1) 
  

2H2O + 2e− → 2OH− + H2 (2) 
  

Fe2+ + 2OH− → Fe(OH)2 (3) 

 
In the presence of dissolved O2 gas, insoluble Fe(OH)3 is generated and released protons can be directly reduced 

to H2 gas at the cathode [6].  
 

4Fe2+ + 10H2O + O2 → 4Fe(OH)3 + 8H+ (4) 
  

8H+ + 8e− → 4H2 (5) 
  

4Fe + 10H2O + O2 → 4Fe(OH)3 + 4H2 (6) 

 
Fe(OH)3 precipitate can be in equilibrium with soluble monomeric species like Fe3+, Fe(OH)2+, Fe(OH)22+, 

Fe(OH)3 and Fe(OH)4- depending on the pH range [6]. The polymeric hydroxy complexes may be Fe(H2O)63+, 
Fe(H2O)5(OH)2+, Fe(H2O)4(OH)2+, Fe2(H2O)8(OH)24+ and Fe2(H2O)6(OH)44+ [5]. 

Al3+ ions generated by electrochemical oxidation of Al anode may form monomeric species such as Al(OH)2+, 
Al(OH)2+ and Al(OH)3 in acidic medium and Al(OH)4- in alkaline medium [5,6]. Al3+ ions on hydrolysis may generate 
Al(H2O)63+, Al(H2O)5OH2+, Al(H2O)4(OH)2+ and the hydrolysis products may form many monomeric and polymeric 
species such as Al(OH)2+, Al(OH)2+, Al2(OH)24+, Al(OH)4-, Al6(OH)153+, Al7(OH)174+, Al8(OH)204+, Al13O4(OH)247+, 
Al13(OH)345+ over a wide pH range [5,6]. 
 

Al → Al3+ + 3e− (7) 
  

3H2O + 3e− → 3OH− +
3

2
H2 (8) 

  

Al + 3H2O → Al(OH)3 +
3

2
H2 (9) 

 
 

The reactions involving chlorine ions in Equations 10-12 could also occur in the presence of NaCl supporting 
electrolyte [7]: 
 

2Cl− → Cl2 + 2e− (10) 
  

Cl2 + H2O → HOCl + Cl− + H+ (11) 
  

HOCl ⇌ OCl− + H+ (12) 

 
In electrocoagulation, the pollutants can be removed by insoluble flocs of Fe(OH)3 and Al(OH)3 by surface 

complexation or electrostatic attraction [5,6]. The excess amount of aluminum and iron ions in the solution also 
feasible by anodic corrosion with Cl- ions [6]. In this study, the effect of Al-Al, Al-Fe and Fe-Fe electrode 
configurations was investigated on reaction kinetics in removal of tetracycline antibiotic (TCY) by 
electrocoagulation in the presence of NaCl supporting electrolyte in a batch electrochemical reactor. The reaction 
kinetic models were developed with the nonlinear regression of the integral method on the basis of tetracycline 
concentration and COD concentration. 
 
 

2. Material and Method 
 

Tetracycline hydrochloride (Sigma-Aldrich), mercury sulfate (Merck), sodium chloride (Merck) and 
acetonitrile (Merck) were received in extra pure grade. Double distilled water was produced in our laboratory. 
Batch electrochemical system was equipped with jacketed electrochemical reactor, Ametek Sorensen XFR 60-46 
programmable DC power supply, Lauda RE 620S refrigerated circulating water bath with thermostat control, 
Heidolph RZR 2021 mechanical mixer, Heidolph PD 5206 peristaltic pump and thermometer. Aluminum and iron 
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electrodes were obtained from local sources and used as anode and cathode with 120 cm2 surface area. The 
reaction volume was 600 mL and mechanically stirred at 500 rpm. Samples were taken from the reaction medium 
at regular intervals for HPLC and chemical oxygen demand (COD) analysis. HPLC analysis were done using Inertsil 
ODS-3 column (5 mm, 4.6250 mm) in a Shimadzu Prominence LC-20AD Liquid Chromatography. Gradient mobile 
phase was acetonitrile and water (50/50) (v/v) at a flow rate of 1.5 mL/min. UV/Vis detection wavelength of 
tetracycline antibiotic was at 254 nm. Column temperature was set at 40°C. Injection volume was 40 mL. Merck 
Spectroquant® TR 420 thermoreactor and Nova 60 photometer were used for the COD analysis. 
 
 
 

3. Results and Discussion 
 

The response surface optimized reaction conditions were operated at 800 mg/L tetracycline concentration, 8 
mA/cm2 current density, 6 g/L NaCl electrolyte and 40°C reaction temperature at 60 min reaction time in order to 
determine the reaction kinetics in removal of tetracycline antibiotic by electrocoagulation. The reaction kinetics 
study was carried out by nonlinear regression of the integral method based on tetracycline concentration and COD 
concentration. Nonlinear regression is the modeling of the observational data by a function which is a nonlinear 
combination of the model parameters and depends on one or more independent variables. The experimental 
reaction kinetics data were processed for the nonlinear models using CurveExpert Professional 2.7 software. 

The nth order reaction kinetics can be expressed in Equation 13 [8,9] and by integrating with the boundary 
conditions in Equation 14, the solutions of first order and second order reaction kinetics can be obtained in 
Equations 15 and 16, respectively. 
 

dCA

dt
= −kCA

n (13) 

  

@  t = 0   ⇒    CA = CAo 
@  t = t    ⇒    CA = CA 

(14) 

 
The solution of first order reaction kinetics for n=1: 
 

CA = CAoe−kt (15) 
 
 

The solution of second order reaction kinetics for n=2: 
 

CA =
CAo

1 + CAokt
 (16) 

 
The reaction rate constant, k, is strongly dependent on the reaction temperature and this temperature 

dependence could be correlated by Arrhenius equation with the activation energy of the reaction as in Equation 
17 [8,9]. The activation energy of the reaction is defined as the minimum energy that must be possessed by reacting 
molecules before the reaction will occur [8]. 
 

k = koe
−Ea
RT  (17) 

 
In Equation 17, ko is pre-exponential constant, R is gas constant as 8.314 J/(mol.K), T is absolute temperature 

in K and Ea is the activation energy in J/mol. The nth order reaction rate can be obtained in Equation 18 by 
substituting Equation 17 in terms of activation energy. Finally, the solutions of first order and second order 
reaction kinetics can be obtained in Equations 19 and 20, respectively. 
 

dCA

dt
= − (koe

−Ea
RT ) CA

n (18) 

 
The solution of first order reaction kinetics with activation energy (n=1): 
 

CA = CAoe
−(koe

−Ea
RT )t

 
(19) 

 
 
The solution of second order reaction kinetics with activation energy (n=2): 
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CA =
CAo

1 + CAo (koe
−Ea
RT ) t

 
(20) 

 
Equations 19 and 20 were solved by nonlinear regression using CurveExpert Professional 2.7 software and the 

kinetic model results with the experimental reaction kinetics data were demonstrated in Figure 1 and Figure 2 for 
tetracycline removal and COD removal by electrocoagulation with Al-Al, Al-Fe and Fe-Fe electrode configurations, 
respectively. Tetracycline removal and COD removal was achieved with the insoluble flocs of Fe(OH)3 and Al(OH)3 
by surface complexation or electrostatic attraction as well as by indirect oxidation due to the formation of 
HOCl/OCl- redox oxidants in the aqueous medium by Cl2 discharge on the anode. The initial electrochemical 
degradation rate of tetracycline antibiotic was found higher than the COD removal. This result showed that the 
formation of intermediates and by-products were removed at a much lower reaction rate. 
 

  
Figure 1. Tetracycline removal by electrocoagulation 
with (a) Al-Al electrodes, (b) Al-Fe electrodes, (c) Fe-
Fe electrodes ([TCY]o=800 mg/L) 

Figure 2. COD removal by electrocoagulation with (a) 
Al-Al electrodes, (b) Al-Fe electrodes, (c) Fe-Fe 
electrodes ([COD]o=1100 mg/L) 
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The reaction order and the reaction rate constant values were found by nonlinear regression of the integral 
method with 95% confidence level as outlined in Table 1. The reaction order was determined as 1 for tetracycline 
removal and as 2 for COD removal. The relationships developed between the parameters were in very good 
agreement according to the regression coefficients. 
 

Table 1. Reaction order and reaction rate constant values for removal of tetracycline antibiotic by 
electrocoagulation with Al-Al, Al-Fe and Fe-Fe electrode configurations 

Parameter 
Electrode 
configuration 

Reaction order Reaction rate constant R2 

Tetracycline 
removal 

Al-Al 1 0.3919 min-1 0.9970 

Al-Fe 1 0.2918 min-1 0.9872 

Fe-Fe 1 0.2885 min-1 0.9764 

COD removal 

Al-Al 2 4.6710-4 mg-1Lmin-1 0.9888 

Al-Fe 2 4.3210-4 mg-1Lmin-1 0.9877 

Fe-Fe 2 4.2810-4 mg-1Lmin-1 0.9665 

 
The first order reaction rate constants based on tetracycline concentration were calculated as 0.3919 min-1, 

0.2918 min-1 and 0.2885 min-1 for Al-Al, Al-Fe and Fe-Fe, respectively. Based on COD concentration, the second 
order reaction rate constants were determined as 4.6710-4 mg-1Lmin-1, 4.3210-4 mg-1Lmin-1 and 4.2810-4 mg-

1Lmin-1 for Al-Al, Al-Fe and Fe-Fe, respectively. The second order behavior can be attributed to the existence of an 
energized and unstable form for the reactant [9]. It is known that reaction rate constants drastically affect the rate 
of the reactions. According to these results, the reaction rates with electrode configurations were found as Al-Al > 
Al-Fe > Fe-Fe for both tetracycline removal and COD removal. It can be concluded that Al(OH)3 flocs more rapidly 
destabilize the pollutants in the solution than Fe(OH)3 flocs. In addition, the use of hybrid configuration was 
increased the reaction rate slightly than using single Fe electrodes in the electrocoagulation. 

The activation energy values were obtained in Table 2 by nonlinear regression of the experimental reaction 
kinetics data with 95% confidence level. The activation energy values based on tetracycline concentration were 
calculated as 3.020 kJ/mol, 0.866 kJ/mol and 0.805 kJ/mol for Al-Al, Al-Fe and Fe-Fe, respectively. Based on COD 
concentration, the activation energy values were determined as 9.413 kJ/mol, 10.085 kJ/mol and 9.825 kJ/mol for 
Al-Al, Al-Fe and Fe-Fe, respectively. It was reported that fast reactions generally have small activation energy 
values and Ea is typically less than 40 kJ/mol for diffusion-controlled homogeneous reactions [10-12]. The 
activation energy values of COD removal are higher than the values of tetracycline removal confirming that COD 
removal is much more difficult than tetracycline removal due to the recalcitrant nature of the degradation 
products. The activation energy values with electrode configurations were found as Fe-Fe < Al-Fe < Al-Al for 
tetracycline removal and Al-Al < Fe-Fe < Al-Fe for COD removal. The results indicated the requirement of Fe-Fe 
electrode configuration in tetracycline removal and Al-Al electrode configuration in COD removal for the minimum 
activation energy. 
 

Table 2. Activation energy and pre-exponential constant values for removal of tetracycline antibiotic by 
electrocoagulation with Al-Al, Al-Fe and Fe-Fe electrode configurations 

Parameter 
Electrode 
configuration 

Activation energy 
(kJ/mol) 

Pre-exponential constant R2 

Tetracycline 
removal 

Al-Al 3.020 1.2505 min-1 0.9970 

Al-Fe 0.866 0.4071 min-1 0.9872 

Fe-Fe 0.805 0.3931 min-1 0.9764 

COD removal 

Al-Al 9.413 0.0174 mg-1Lmin-1 0.9888 

Al-Fe 10.085 0.0208 mg-1Lmin-1 0.9877 

Fe-Fe 9.825 0.0187 mg-1Lmin-1 0.9665 
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4. Conclusion  
 

In this study, the effect of Al-Al, Al-Fe and Fe-Fe electrode configurations was investigated on reaction kinetics 
in removal of tetracycline antibiotic by electrocoagulation in the presence of NaCl supporting electrolyte in a batch 
electrochemical reactor. The reaction order was determined as 1 for tetracycline removal and as 2 for COD removal 
with nonlinear regression of the integral method. According to the calculated values of the reaction rate constants, 
the reaction rates with electrode configurations were found as Al-Al > Al-Fe > Fe-Fe for both tetracycline removal 
and COD removal. The activation energy values with electrode configurations were determined as Fe-Fe < Al-Fe < 
Al-Al for tetracycline removal and Al-Al < Fe-Fe < Al-Fe for COD removal. The results showed that Fe-Fe electrode 
configuration is feasible in tetracycline removal and Al-Al electrode configuration is feasible in COD removal for 
the minimum activation energy. Al(OH)3 flocs more rapidly destabilize the pollutants in the solution than Fe(OH)3 
flocs. The use of hybrid configuration was increased the reaction rate slightly than using single Fe electrodes in 
the electrocoagulation. 
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 Wireless Sensor Networks (WSNs) are used extensively in many natural environment 
research and observation applications in the world, and their popularity is increasing day by 
day. In parallel with these studies, Linear Wireless Sensor Network (LWSN), which is a type 
of WSNs application, is frequently encountered for reasons such as meeting the security 
requirements of highways, bridges, pipelines, and border lengths, determining the needs, 
and observing. In the network structure of LWSNs, the nodes are lined up sequentially and 
the communication environment is created in a linear order. In this type of wireless 
networks, communication is carried out with Media Access Control (MAC) protocols, and it 
is important to design these protocols in accordance with linear array characteristics. 
Because, as the number of nodes in the network increases, the end-to-end delay of the 
packets increases and the data traffic of the nodes close to the coordinator node reaches very 
high levels. Although the increasing number of nodes in linear topology increases the 
possibility of collision and congestion, it is also important that the network connections of 
the nodes are not broken and the communication continues in a healthy way. Therefore, 
protocols developed for linear topologies are expected to have characteristics that can be 
connected seamlessly and transmit data to the center without error. For this purpose, within 
the scope of a project, a new MAC protocol has been designed by us, which is effective in 
minimizing LWSN problems and can ensure the continuity of the network connection in 
difficult physical conditions. With the failed node method, which is the main subject of our 
article and introduced in the protocol in question, an important study has been put forward 
to avoid situations that will disrupt the data transmission of the network. 

 
 
 
 

1. Introduction  
 

Nowadays, developments in electronic technologies make it possible to produce low-cost, high-processing, and 
small-sized sensor nodes (LN). As a result of these important developments, possibilities have emerged that allow 
the implementation of Linear Wireless Sensor Network (LWSN) applications, which can consist of many sensor 
nodes and are used along linear lines, easily. LWSN is a specialized type for WSN applications that require linear 
topology characteristic as seen in Figure 1. Thanks to its linear array feature, operations such as installation, 
maintenance, and routing are very easy. However, there are difficulties to be solved in such networks, such as end-
to-end latency, excessive data traffic at end nodes, network reliability, node failure, and link failure [1]. The linear 
nature of such networks can be an important motivation for designing custom protocols to increase reliability, 
efficiency, energy savings and network lifetime [2,3]. 
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Figure 1. An example LWSN scheme structure 

 

A MAC protocol that can be used in LWSNs and provides effective, healthy, and lossless communication has 
been put forward by us. A new method has been proposed, aiming to prevent the interruption of the 
communication of the nodes in the network with each other, which will be activated in case the nodes in the 
network fall from the network and contribute to the continuity of the network, even though the node named as 
the Failed Node is disconnected from the network. The success of the proposed method was demonstrated by the 
simulation and network model application. The performance analysis of the proposed MAC protocol was 
performed. The results show that the method that is activated in the node failure scenario in the proposed MAC 
protocol is a very effective method that can eliminate the disconnection in the network and continue the 
communication without any problems. 

When all these developments are evaluated, it is thought that the method in the proposed MAC protocol will 
have an important place in the literature. 

Karveli et al. [4] proposed a protocol that guarantees collision-free communication between sensor nodes 
distributed on a linear line and running synchronized with each other, which they called Directional Scheduled 
MAC (DiS-MAC). Thanks to the use of directional antennas; higher gains were obtained, signal transmission was 
provided to longer distances between nodes, and noise and collisions were eliminated as a result of the 
transmission of radio waves in a certain direction. In DiS-MAC, a single channel is used for data transmission and 
other operations. 

In the LC-MAC [5] protocol, Fang et al. proposed a mechanism that pre-books relay nodes and transmits it in a 
burst to reduce end-to-end delivery delay in a long-chain sensor network without sacrificing energy efficiency. 

The study named WiWi [6] can be said to be an advanced version of DiS-MAC. In particular, both protocols 
avoid interference between simultaneous transmissions by using alternate transmission based on sequencing 
between neighboring nodes. 

LWSN networks continue to increase in popularity day by day. Well-designed MAC protocols, and the methods 
and methods used in these protocols have an important place among the most important factors affecting the 
efficient use of resources by sensor nodes with limited resources with low features. MAC layer in a layered WSN 
architecture; It is the layer where delays are tried to be reduced, possible collisions are prevented to reduce packet 
losses, and energy efficiency is tried to be increased with minimum packet traffic. 

The MAC protocol developed within the scope of this study; has been designed by taking into account the 
control and energy saving issues, especially in roadside lighting in urban and intercity highways. In addition, 
different operating modes (ToSlave, ToMaster, and 2Way) have been introduced in order to overcome energy 
efficiency and worst-case scenarios in the network. An uncontested approach has been established in the proposed 
MAC protocol. 

LWSN is formed by arranging sensor nodes one after another along a line. In fact, as the number of nodes 
increases, many network parameters such as end-to-end latency, network connection success, energy saving, and 
network lifetime are adversely affected. In this respect, many researchers have focused their attention on topology 
optimization, and many studies have been and continue to be made on this subject [7–11]. Considering all these, 
topology optimization is among the attractive research topics in the LWSN literature. 

Energy-efficient node placement research is among the main design considerations for all WSNs, and especially 
for large-area LWSNs [3]. Li and Shunjie [11] investigated two different node placement strategies to maximize 
network lifetime and optimize network load balance in LWSNs. 

In our study, it is thought that the proposed method to optimize the topology and feel the network 
disconnection as little as possible will take its place by supporting the topology optimization approach. 

With these aspects, it is thought that the method in the proposed protocol will make an effective contribution 
to the literature. 

 
2. Material and Method 

 
The Failed Node method, which is included in the developed MAC protocol and maintains the communication 

in the network even if the nodes are disconnected from the network by ensuring the continuity of the network, 
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and which significantly affects the protocol performance in this respect, has the mechanism whose diagram is 
given in Figure 2. 

Thanks to this structure defined in the MAC protocol, the node, which decides that its neighbor has dropped 
from the network, increases its coverage area, scans the distance of two hops instead of one hop, and 
communicates with its neighbor at two hops distance and can ensure the continuation of the network over 
themselves. Thus, this mechanism ensures continuity of the communication line. In the example simulation 
scenarios, in the first case, neighboring nodes communicate in the area with a radius of 125m. In case of a node 
failure, that is, if the node drops from the network for any reason, if the node that will transmit the packet cannot 
receive the negative-addressed reflection packet for a certain period of time, it concludes that there is no node 
within the scope of the packet in the relevant forward direction. In this case, it expands its coverage area, in other 
words, it increases the signal strength to cover the area with a radius of 225m. Thus, it switches to a 2-hop 
communication mode and reaches the two next nodes, and the communication of the network continues without 
interruption. Within the scope of this study, only one node disconnected from the network was studied, and the 
behavior in case of disconnection in more than one consecutive node was not discussed. 

 

 
Figure 2. Behavior Mechanism of Failed Nodes 

The Riverbed Modeler program was preferred for the performance evaluation of the MAC protocol proposed 
within the scope of this project. There are three types of nodes in the prepared Network Project environment. 
There are 10 standard nodes (LN, Sensor Node), 2 CLN (Coordinator Node) and 1 SINK node. The radio 
propagation range is 125m - 225m. The simulation parameters are given in Table 1. 

 
Table 1. Simulation Parameters 

Items Value(s) 
Radio propagation delay model dra_propdel 

Modulation  bpsk 

Radio propagation Range 125m & 225m 

Transmit Power SR_tx = 0.027w 

Receive Power Sr_rx = 0.0366w 

LN Count 10, 20, 30, 40, 50 

CLN Count 2 

Sink Count 1 

Node Layout Linear 

Used Channel Count 1 

Distance Between Nodes 100m 

Simulation time 25s 

 

Connection Continuity Analysis of the Nodes has been done under the above-mentioned network environment 
conditions, and the success status has been obtained. 
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3. Results 
 
It is of great importance in terms of network performance that LWSN nodes connect to the network and 

perform their duties without disconnecting from the network. In fact, the failure of a node can affect the entire 
network from the linear topology feature. Under this title, the reactivity and behavior of the protocol, due to the 
relevant method, in case if a node drops (breaks off) from the network for any reason, has been examined. Within 
the scope of the project, single node falls on the line are considered. A consecutive large number of node failure 
(error burst) cases are left as a subject for further studies and are not covered in this study. The example scenario 
applied to show the response of the nodes and the continuation status of the network in case of node failure is 
shown in Figure 3. 

 

 
Figure 3. Failed node example scenario 

As can be seen in the figure, a node (LN4) in the network was disconnected from the network in a certain time 
period and after a while, the disconnected node was allowed to join the network again. Against this situation, the 
total number of active nodes in the network is shown in the graph in Figure 4. 

 

 
Figure 4.Failed node graphic 

In Figure 4, it can be seen that the number of nodes decreases by 1 when one of the nodes is dropped from the 
network. If packet mobility continues in the network, it can be said that the broken node does not affect the 
network communication. When Figure 5 is examined, the packet mobility situation is observed in the above graph, 
although the number of nodes is missing 1 for a while and after a certain period of time, it rejoins the network and 
completes the number of nodes. 
 
4. Discussion 
 

When Figure 5 is examined, it is seen that although a node is disconnected from the network, data packet 
communication continues in that process. In this case, with the node falling from the network, neighboring nodes 
doubled their coverage area, and continued communication and connection continuity was ensured in the 
network. It is seen that the same number of packets reached the destination in all three data transmission models. 
The results show that the failed node method in the proposed protocol works, and the transmission continues 
without packet loss in the network, proving the success of the method. 
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Figure 5. Number of data packets transmitted in case of failed node 

 

5. Conclusion 
 

LWSN application simulation shows that the proposed protocol in the simulation environment and the node 
failure method in the protocol work successfully, and this success also shows that our proposed method has an 
important place among the precautions to be taken against breaks in the network. 

In the node failure method, the node that has fallen from the network performs its task by expanding the 
coverage area of the neighboring node, and the continuity of data communication is ensured without disrupting 
the communication of the network. 

Within the scope of this study, only one node disconnected from the network is studied, and the behavior in 
case of disconnection in more than one consecutive node is left for later studies. 

 
Funding 

 
This project study was supported by Bitlis Eren University Scientific Research Projects Unit with project 

number BEBAP2019.006. We would like to thank Bitlis Eren University Scientific Research Projects Unit for their 
contribution and support. 

 
Acknowledgement 

 
This study is an extended version of the study titled “Investigation of failed node method to support healthy 

communication for linear wireless sensor networks” presented at the 1st Advanced Engineering Days (AED) held 
on Thursday, December 23, 2021 in Mersin/Turkey [12]. 

 
Author contributions 
 

Musa Çibuk and Davut Ari: Conceptualization, Methodology, Software. Fikri Ağgun: Data accuration, Writing-
Original draft preparation, Software, Validation. Ümit Budak: Visualization, Investigation, Writing-Reviewing and 
Editing. 
 

Conflicts of interest 
 

There is no conflict of interest between the authors. 
 
 
 
 
 
 
 
 

 



Advanced Engineering Science, 2022, 2, 21-26 
 

26 
 

References 
 

 
1. Chen, H., Chi, K. T., & Feng, J. (2009). Impact of topology on performance and energy efficiency in wireless sensor 

networks for source extraction. IEEE Transactions on Parallel and Distributed Systems, 20(6), 886-897. 
2. Jawhar, I., & Mohamed, N. (2009, April). A hierarchical and topological classification of linear sensor networks. 

In 2009 Wireless Telecommunications Symposium (pp. 1-8). IEEE. 
3. Varshney, S., Kumar, C., & Swaroop, A. (2015, May). Linear sensor networks: Applications, issues and major 

research trends. In International Conference on Computing, Communication & Automation (pp. 446-451). 
IEEE. 

4. Karveli, T., Voulgaris, K., Ghavami, M., & Aghvami, A. H. (2009, October). DiS-MAC: A MAC protocol for sensor 
networks used for roadside and highway monitoring. In 2009 International Conference on Ultra Modern 
Telecommunications & Workshops (pp. 1-6). IEEE. 

5. Fang, C., Liu, H., & Qian, L. (2011, April). Lc-mac: An efficient mac protocol for the long-chain wireless sensor 
networks. In 2011 Third International Conference on Communications and Mobile Computing (pp. 495-500). 
IEEE. 

6. De Caneva, D., & Montessoro, P. L. (2010). A synchronous and deterministic MAC protocol for wireless 
communications on linear topologies. Int'l J. of Communications, Network and System Sciences, 3(12), 925-
933. 

7. Xie, W., Zhang, X., Chen, H., (2007). Wireless sensor network topology used for road traffic. IET Conf. Publ. 2007, 
285–288. 

8. Wu, C. H., & Chung, Y. C. (2007, May). Heterogeneous wireless sensor network deployment and topology control 
based on irregular sensor model. In International Conference on Grid and Pervasive Computing (pp. 78-88). 
Springer, Berlin, Heidelberg. 

9. Alfayez, F., Neill, I., (2016). Topology-based Optimization of Linear Wireless Sensor Networks. Proc. - 2015 Eur. 
Intell. Secur. Informatics Conf. EISIC 2015 2016, 183. 

10. Fu, X., Pace, P., Aloi, G., Yang, L., Fortino, G., (2020). Topology optimization against cascading failures on wireless 
sensor networks using a memetic algorithm. Comput. Networks, 177, 107327. 

11. Hong, L., Xu, S., (2010). Energy-Efficient Node Placement in Linear Wireless Sensor Networks. 2010 Int. Conf. 
Meas. Technol. Mechatronics Autom. March 2010, 104–107. 

12. Çıbuk, M., Arı, D., Ağgün, F., & Budak, Ü. (2021). Investigation of failed node method to support healthy 
communication for linear wireless sensor networks. Advanced Engineering Days (AED), 1, 41-44. 

 
 

 
© Author(s) 2022. This work is distributed under https://creativecommons.org/licenses/by-sa/4.0/ 

 

https://creativecommons.org/licenses/by-sa/4.0/


Advanced Engineering Science, 2022, 2, 27-34 
 

27 
 

 

Advanced Engineering Science 

http://publish.mersin.edu.tr/index.php/ades 

 e-ISSN 2791-8580 

 
 

 

PM2.5 concentration measurements and mapping at Gokusagı Mall for autumn 2018, in 
Konya, Turkey 
 

Sukru Dursun *1 , Mina Naseer Qasım 1  

 
1Konya Technical University, Environmental Engineering Department, Konya, Türkiye, sdursun@ktun.edu.tr; 
mineenviro@gmail.com 
 
 

 
Cite this study: Dursun, S., & Naseer Qasım, M. (2022). PM2.5 concentration measurements and mapping at 

Gokusagı Mall for summer 2018, in Konya, Turkey. Advanced Engineering Science, 2, 27-34 
 
 

 

Keywords  Abstract 
Air quality 
Indoors 
Measuring 
Modelling 
Particulate matters 
PM2.5 
Shopping centers 
 
Research Article 
Received: 10.01.2022 
Revised:   14.02.2022 
Accepted: 24.02.2022 
Published:14.03.2022 
 

 
 

 The majority of people living in urban areas spend a significant part of their lives indoors 
such as homes, schools and workplaces. Therefore, the air quality of indoor or indoor 
environments is very important. As in Turkey, while improving the outdoor air quality first, 
regulations on indoor air quality have started to be developed recently, or lower pollutant 
concentrations are determined by lowering the air quality standards by certain ratios for 
acceptable limit values for indoor environments. Ventilation systems and air quality are very 
important especially for Shopping Centers, which are visited by people from different walks 
of life and have many different business lines. Gökkuşağı Shopping Center also causes 
thousands of patients and their relatives to visit because of the fact that the Faculty of 
Medicine has more than 100 personnel, together with around 100 thousand students 
belonging to Selçuk University. Gökkuşağı Shopping Center, which was established to meet 
the needs of these people, serves around 100 people with its cafes, restaurants and many 
workplaces. This service is concentrated at certain hours, especially when there is a need for 
food. In this study, which was carried out during the university education period, the 
measurements of the particle size (PM2.5) pollution reaching the human lungs and remaining 
there to a large extent were made at 6 different hours between the opening-closing hours of 
the shopping mall. The distribution of the pollutant in the space was modelled using the 
Surfer16 package program and the distribution map was drawn. The values obtained in the 
measurements were above the international standards. 

 
 
 
 
 
 

1. Introduction  
 

Industrialized societies also want a modern living space in modern life and living spaces. These vehicle 
demands bring along motor vehicles and industrialization close to city centres and this poses a danger to human 
and environmental health. Gases belonging to air sources, and their life span in nature and nature are important 
due to their nature. A person breathes an average of 13,000–16,000 litters of air per day, or 400–500 million litters 
of air in a lifetime. Therefore, clean and polluted air is important for humanity [1]. Among the world climate, one 
of the world's weathers has been determined in relation to the world climate in 1992. Indoor air circuit from 2 
main sources. Designs consisting of interior design and design, interior designs consisting of interior designs. 

Indoor PM uses are affected by drinking, cooking, home, etc., first of all, outdoor-indoor atmosphere-indoor 
ventilation such as resuspension and ventilation, and removal from outdoor-indoor air such as hand precipitation 
[2-4]. Certain indoor environments in homes are expressed in time, outdoor environments indoor PM2.5 levels 
approximately 75% PM10 levels approximately 66%. Since there are important indoor types in homes, it is 
understood that the contribution of outdoor air to indoor PM10 and PM2.5 levels is still around 55-60% [5]. 
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No PM2.5 exposure threshold has been defined to provide an unequivocally safe and complete level of protection 
against all adverse health effects [6]. However, in order to limit the health effects of fine particle pollution, the 
World Health Organization (WHO) has proposed guidelines for annual and short-term (24 hours) human exposure 
to PM2.5. In addition to these global standards, WHO encourages governments to define and implement national 
standards [7]. 

Smoking, ventilation mechanisms, heating, cooking and other indoor activities in indoor environments can 
cause the dispersion of dusts and particles in the indoor environment. When the activities that can cause the 
dispersion of these particles do not occur, normal activities of people, cleaning activities, moving, skin rashes, dust 
particles precipitated from fabric and paper fibres may cause the dispersal of dust particles to the environment 
again [8]. Today, due to the prevalence of research on air pollution and the health problems it causes, it is carried 
out with the data of outdoor air quality. However, since people spend 87% of their time indoors and these 
environments have poor air quality, indoor data should be examined instead of outdoor data in order to evaluate 
the impact of the air in the environment on health. 

In this study, PM2.5 concentrations were measured at different times during the day in the closed environment 
of the closed social area Gökkuşağı Shopping Centre at Selçuk University, one of the campuses with the highest 
number of students in Turkey, and three-dimensional pollution maps were obtained by modelling the indoor 
distribution. 
 

2. Material and Method 
 

2.1. Study area 
 

In this study, which was started on the basis of shopping centres located in Selçuklu district of Konya province, 
suitable measurement points were determined for making measurements. This place, which was chosen by paying 
attention to its indoor environment, was chosen as the place where people visit the most on the campus of Selçuk 
University. 

It was carried out in the social facilities that serve students-employees and those who come to the hospital in 
the Alâeddin Keykubat campus of Selcuk University, and the locations for the data were determined. The details 
of the study area are given in Naseer Qasim [9]. 

There are two corridors with a width of approximately 2 m in the north, east and west parts of the shopping 
centre. Some business entrances lead to these corridors. These corridors, which consist of a ceiling structure that 
cannot be high as a structure, cause the air pollutants circulating in a narrow area to be trapped in a narrow area 
and close to the respiratory level. 

Although existing workplaces have ventilation systems, they are not sufficient in common areas. In previous 
years, the air blowing system was out of use due to technical malfunctions. Although the Gökkuşağı Shopping 
Center, which was built and put into operation in the past years, has undergone simple renovations over time, 
there has not been sufficient improvement from its opening to the working period. 13 measurement points were 
determined to represent the space for your measurements in the rainbow (Figure 1). 

 

 
Figure 1. Selcuk University Alaeddin Keykubat Campus Gökkuşağı shopping centre sampling points [10] 

 

2.2. Atmospheric Particulate Matter Measurement Method  
 

Atmospheric particulate matter measurement methods vary according to the size and purpose of the particles. 
Thanks to electronic systems, a laser particle counter and dust measuring device "Particle Counter PCE-PCO1" 
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configured to determine the concentration of particles in the atmosphere can be determined. This device is used 
in non-polluted environments, indoor air quality or exposure to cigarette smoke and other harmful air pollutants, 
and for monitoring dust levels in the air. Detailed information for measurement can be obtained from [9] and [11]. 

In a study conducted by Stranger et al., [12] in 18 homes and 27 schools, it was determined that cigarette smoke 
was the most effective reason for the presence of PM2.5 and PM10 pollutants. In the study by Lee et al., [13] at 14 
different points (restaurants, libraries, shopping malls, gyms, parking lots), it was determined that there are traffic 
emissions and roads as PM10 pollutant sources and this is reflected in the indoor environment. A total of 14 
different points were used as indoor environment in the study conducted in. Indoor / outdoor ratios for PM10 were 
found to be due to the high infiltration rate and the presence of indoor air pollutants. The indoor / outdoor ratio 
for PM10 is 4 times higher, respectively, in smoking areas than in non-smoking areas [13]. In the indoor air PM 
measurements made at a University in Istanbul, measurements were made in the canteen, dean's office, financial 
office and classrooms. and EPA limit values of 35 μg/m3 are only exceeded in the canteen and workshop [14]. 
 

2.3. Modelling and graphics program Surfer-16  
 

Golden software 16 is a program capable of modelling and creating a 3D graphic preparation system that 
includes basic statistics. It is used for creating contour maps and obtaining 3D images by processing complex data 
obtained from different processes and making grids [15, 16]. Since the eighties, more than 100,000 scientists and 
engineers around the world This program, which transforms the collected data into information, visualizes the 
data in high quality while preserving its accuracy and precision [17]. Along with Surfer's extensive modelling tools, 
interpolation and grating parameters can be adjusted, define errors and breaks, or perform grid calculations such 
as volumes, transformations, smoothing or filtering [18]. 
 

2.4. Particulate matter PM2.5 measurement method 
 

In the researches carried out to determine the particulate matter concentrations, the pollutant sources in the 
external environment were examined. By comparison, there is less information about indoor particulate matter 
pollution, its concentrations, sources, and exposure levels to people who spend most of their time in various indoor 
environments [19]. In order to determine the interaction of particulate matter values with seasonal changes, 
studies are carried out in different seasons to take measurements in the study. In this study, autumn was chosen 
as the opening period of schools, and in the study, two-day measurement intervals were determined on weekdays 
and weekends. The periodical measurement period was completed as 4 days. 

The daily measurement program, in which the measurements were made, lasted 10 hours depending on the 
working hours of the places. Measurements were repeated in 6 periods per day with an interval of 2 hours. After 
the measurement points and coordinates were determined, the final data were collected and the Excel table was 
arranged and listed in such a way that daily, weekly and hourly averages were taken. X and Y coordinates and Z 
coordinate represented the measured PM2.5 values. A worksheet was created by transferring X Y coordinates and 
measurement values to the SURFER 16 program. Statistical calculations were made by converting the prepared 
data into tables. Then, contour map is selected from the map options in order to show the contour lines. The 
customization window is used to clearly show high and low concentrations and dispersion lines on the map. 
 

3.  Results and Discussion 
 

Particulate matter 2.5 micro meter size measurements were carried out in the autumn period in the rainbow 
shopping centre of Selçuk University Alaeddin Keykubat campus, which is one of the important shopping centres 
in Konya. The sampling period, the second sampling period, was carried out between 24.09.2018 - 07.10.2018. 
During the measurement period, measurements were made for one week. Weekly average distributions of 
particulate matter PM2.5 were prepared for Surfer 16 by measuring 6 times a day. 

Within the scope of the research, it was arranged to cover the opening and closing hours of the shopping centre 
between the hours of weekdays and weekends (09.00 - 19.00) at the Gokkusagi AVM at the university. As a result 
of the study, the average values of PM2.5 obtained from the examination of all data during the week and at the 
weekend are shown in Table 1. 

 

Table 1. Autumn season weekday and weekend particulate matter PM2.5 averages in Rainbow shopping mall. 
Sampling period Weekday average PM2.5 μg/m3 Weekend average PM2.5 μg/m3 

autumn 693 496 
 

Average PM2.5 concentrations in the autumn 2018 period were found to be 693.65 μg/m3 and 495.75 μg/m3 on 
weekdays. Measurement times were made between 09.00-19.00 hours. The 7-day measurement period, which 
started right after the official semester registration of Selçuk University, started on 24.09.2018 and continued until 
30.09.2018. 

The weekday average was found to be 1400 μg/m3 even in the early hours of the day thanks to the pollution 
that occurred at point F (west entrance gate) and exceeded 1000. It affects the entrance point of the restaurant 
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chimneys located on both sides of the entrance door. Values not exceeding 700 μg/m3 were observed during 
weekdays in other parts of Gökkuşağı Shopping Center. 

Low PM2.5 concentration was found to be 760 μg/m3, resulting from quieter weekends and fewer visits. The 
modelling results of the first average PM2.5 concentration of the study period at 09:00 are shown in Figure 2. 

The values at 11:00 am found to be quite high and the PM2.5 value was found to be 2900 μg/m3. Here, the 
particle pollution formed at point B started from the north-eastern part of Gökkuşağı Shopping Center and spread 
towards the centre. PM2.5 concentration was found to be at least 1300 μg/m3 at points J and K where cooking 
restaurants are located. Cooking activities have been ranked 2nd by EPA as the indoor PM2.5 formation source [20]. 
 

 
a.                                                                    b. 

Figure 2. Gokkusagi Shopping Center at 9:00 a. Weekdays, b. Weekend average 
 

A comfortable and healthy indoor environment in restaurants increases the visual appearance and protects the 
health of customers and employees against harmful air pollutants [21]. Weekend Particulate matter pollution is 
1350 μg/m3 by showing its effect only at the point where it occurs. In other parts of the mall, concentrations during 
the weekend did not generally exceed 300-400 μg/m3. Figure 3 shows the modelling results at 11:00. 

 

 
a.                                                                    b. 

Figure 3. Gokkusagi Shopping Center at 11:00 a. Weekdays, b. Weekend average 
 

Looking at the pollution map prepared for 13.00, it is seen that the PM2.5 concentration shows a similar 
distribution to 11:00. While values are found as 1300 μg/m3 in the northern part of Gökkuşağı Shopping Center, 
they do not exceed 650 μg/m3 in the central and southern parts. At the weekend, lower concentrations dominated 
the building, while the maximum PM2.5 value was found to be 700 μg/m3. Maps are presented in Figure 4 to show 
PM2.5 concentrations at 13:00 on weekends and weekdays. 

Looking at the results obtained from the 15.00 hours sampling, the average PM2.5 values at the weekend were 
found to be higher than the weekday values, with a value of 2600 μg/m3, showing that the region with the most 
pollution corresponds to the J point. The fact that the restaurant has a wide front façade causes all the pollutants 
and PM2,5 particles formed in the case of using the stoves at the back, to spread directly to that area. Weekday 
average was found to be 2100 μg/m3. Weekday results were higher at point B, similar to the 13.00-hour average. 
The mean concentrations at 15.00 hours are shown in Figure 5. 
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a.                                                                    b. 

Figure 4. Gokkusagi Shopping Center at 13:00 (a-Weekdays, b-Weekend average) 
 

 
a.                                                                    b. 

Figure 5. Gokkusagi Shopping Center at 15:00 (a-Weekdays, b-Weekend average) 
 

At 17.00, PM2.5 values were found to be 950 μg/m3 on weekdays and weekends with equal concentrations. 
However, the areas where the pollution is visible are different from each other. While the distribution of pollution 
during the week is distributed from the north-eastern part of the Rainbow Shopping Centre to other regions, on 
the weekend map, on the contrary, there is a distribution in the south-eastern part of the building. It is estimated 
that the pollution originating from the outside environment has penetrated into the indoor environment thanks 
to the south entrance door located there. The results are shown in Figure 6. 
 

 
a.                                                                    b. 

Figure 6. Gokkusagi Shopping Center at 17:00 (a-Weekdays, b-Weekend average) 
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Particulate matter PM2.5 pollution level further reduced the values at 19.00, when the last measurement of the 
day was made, and concentrations close to each other were observed throughout the building on weekdays and 
the average was found to be 660 μg/m3. At the weekend, this value decreased further and the lowest average 
concentration of the autumn season was found as 540 μg/m3. It is the explanation of why such low PM2.5 levels are 
encountered in Gökkuşağı Shopping Centre at the last measurement hour of the day on the weekend, with staff, 
students and staff leaving the campus. Weekend and weekday maps of the PM2.5 distribution at 19.00 are shown 
in Figure 7. 
 

 
a.                                                                    b. 

Figure 7. Gokkusagi Shopping Centre at 19:00 (a-Weekdays, b-Weekend average) 
 

When the measurements made during the study period are examined, the lowest PM2.5 value is 540 μg/m3. 
This value exceeds the hourly 25 μg/m3 limit set by WHO, EEA and EPA for PM2.5 [22, 23]. In Turkey, the standard 
value for PM2.5 in the air quality outdoor assessment management and regulation, which was last updated in 2008, 
is much higher than 200 μg/m3. The results obtained should be much lower than the HKDYY limit value [24], but 
exceed these values. 
 

4. Conclusion 
 

In this study, indoor PM2.5 air quality, a breathable air pollutant, which is an important environmental problem 
in Turkey as in the world, has been examined. Although air pollution is a major problem in Konya, one of the most 
important industrial cities of Turkey, this study for indoor environment is based on shopping malls, the particulate 
matter PM2.5, which carries serious risk factors on human health and is ranked second among air pollutants by the 
World Health Organization. measurements and modeling were done. In order to make the measurements, it was 
preferred to make the measurements at the Gökkuşağı Shopping Center located on the Selçuk University Alâeddin 
Keykubat campus. The sampling period for the measurements was carried out between 24.09.2018 and 
07.10.2018. Sampling hours at Gökkuşağı Shopping Center were held between 09:00 and 19:00. How particulate 
matter PM2.5 affects indoor air quality throughout the period and what causes it are examined. The results were 
mapped and modeled using the Surfer 16 program. While modeling, the results were interpreted as weekday and 
weekend averages. As a result, measurement PM2.5 values in Gökkuşağı Shopping Center did not exceed WHO's 
standards. 

It is thought that the fact that the building structure of Gökkuşağı shopping center is older has an effect on the 
results. In addition, the central ventilation system in the building was not repaired and closed for use years ago as 
a result of deterioration, resulting in insufficient air circulation inside. Thanks to the stationery, photocopiers, 
restaurants, clothing, tailors and cafes in the building, there are only three exit doors so that the pollutants 
dispersed in the indoor environment can mix with the outside environment. The number of daily visitors also had 
an effect on the high values observed especially at noon. In addition to the lack of ventilation, the absence of a ban 
on smoking caused the corridors in the northern part of the building to be exposed to the highest PM2.5 pollution. 
It is thought that the old building materials and the unrepaired structure also affect the pollution level. Since the 
measurements took place on campus, higher values were obtained during the week, except for some exceptional 
cases. This building, which is located right across the medical faculty hospital in terms of its location, caused an 
increase in PM2.5 pollution in the Gökkuşağı Shopping Center in direct proportion to the patient visiting hours of 
the hospital. 
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5. Recommendation 
 

In order for people to spend most of their time in their homes, workplaces, indoor living areas such as public 
transportation vehicles and shopping malls and to breathe healthy air, these environments and existing ventilation 
systems, devices and vehicles must be constantly monitored and controlled in terms of quality atmosphere. For 
this reason, it is necessary to implement methods that will ensure an acceptable indoor air quality in shopping 
malls. These methods are respectively; 

• Removal of the pollutant source that affects the air quality, 
• In order to reduce the pollution concentration, the ventilation systems should be made according to the 

conditions suitable for the environment in which they will be used, using them correctly and maintaining them at 
routine intervals, 

• It is recommended to take precautions against smoking in closed environments. 
Also; Universities should organize lectures, symposiums and educational seminars in educational institutions 

about the importance of indoor air quality and its effects on health. Due to the lack of standards determining indoor 
air quality in Turkey until today, it is recommended that the relevant institutions take action as soon as possible 
to establish standard values for this air, which has a direct impact on the health of living things. It should be 
ensured that the parameters determining the air quality in all provinces of Turkey are measured and modeling 
maps are created. 
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 It is possible to define all kinds of substances and materials that become useless as a 
result of human activities and do not contain enough liquid to be fluid, as "solid waste". 
This definition includes all sweepings and garbage generated in houses, streets, parks 
and institutions, solid wastes and wastes resulting from commercial agricultural and 
industrial activities, and sludge produced in water and wastewater treatment plants. 
Problems arising from solid wastes, which is one of the important environmental 
problems of our country, are increasing in parallel with the increasing population, and 
the necessity of landfills has gained importance in terms of environmental and human 
health. Solid wastes are generally disposed of through incineration, composting, 
recycling or landfill. The landfill is an integrated management system that includes the 
transportation of domestic solid wastes in accordance with the legislation, regular 
storage, sterilization of medical wastes, leachate treatment and storage gas disposal, and 
incineration system components. Many criteria are taken into consideration when 
selecting solid waste landfill sites. During the site selection, the preparation of thematic 
maps by examining the geological, hydrogeological, and hydrological characteristics of 
the area in detail is included in the field of geology. Within the scope of the investigation, 
the importance of geological factors in the selection of solid waste landfill sites was 
examined and their importance was stated within the scope of sustainable 
environmental protection. 

 

 
 
 
 
 
 

1. Introduction  
 

Solid wastes are collected in two main groups as medical and chemical wastes which consist of toxic substances 
and products, and domestic wastes (garbage). The disposal of solid wastes consisting of toxic chemical products 
requires very special scientific studies and legal regulations. Since storing and isolating them may cause new 
problems, rendering them harmless by incineration and chemical processes is seen as the most rational approach. 
Domestic solid wastes consist of domestic wastes from houses in residential areas, plant wastes from parks, 
gardens, and green areas, treatment sludge obtained from domestic wastewater treatment plants, excavation soil, 
and construction debris [1]. 

From ancient times to the present, people have used natural resources to sustain their lives. The disposal of 
wastes generated in this way did not pose a significant problem for a long time, since the population was low and 
the land required for the wastes to be absorbed in their natural environment was sufficient [2-6]. Problems related 
to the disposal of waste have emerged with the gathering of people in large and small communities such as tribes 
and villages, and the accumulation of waste, which is a part of life [7]. 
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In the 1900s, waste was stored and burned at random places. With urbanization, industrialization, and rapid 
population growth, the negative effects of waste collection and incineration on the environment and human health 
have begun to be seen. As a result, methods such as incineration, composting, recycling, or landfilling have been 
developed for the disposal of solid wastes. Methods, except the last one, are not exact methods for eliminating all 
the waste. These methods aim to provide economic benefit from wastes. Landfilling is the only way to get rid of 
the waste completely. All kinds of solid waste can be safely stored in Regular Solid Waste (Garbage) Landfills built 
in accordance with technical standards. For this reason, there must be at least one Solid Waste Storage Area in all 
settlements. If the Solid Waste Storage Areas are not selected correctly and built-in accordance with the standards, 
it may cause irreparable problems in the future (Figure 1). Especially if the wastes come into contact with the 
groundwater, the effects can continue for 30 to 40 years even if the contact has disappeared. For this reason, the 
landfill site selection should be made after a serious examination and the Storage Facility should be built in a way 
that includes the issues specified in the Solid Waste Regulations [8-9]. 
 
 

 
Figure 1. The view of the problems that arise during the construction of a landfill area in pictures a, b, c, d [9] 
 

The first and most important step in the regular storage of Solid Wastes begins with the selection of the 
appropriate location. The issues that need to be carefully considered in the selection of the appropriate place are 
as follows: 
 
A. It should not be in the recharge basin of water collection centers for drinking, use, or irrigation purposes. 
B. Groundwater should not approach the water table floor level more than 10 meters. 
C. The drainage system should be an outward-facing area, where surface water accumulates at least. 
D. It should not be an active fault, debris, landslide, avalanche, overflow, and erosion risk areas. 
E. The ground should consist of solid, less permeable rocks that geologically and geotechnically suitable. 
F. The traffic density should be low, especially away from the main artels. 
G. It should be at least visible from the surrounding area, away from the main recreation areas of the city. 
H. The storage capacity should be at a level to meet the city's minimum 30-year needs. 
I. There should be an area where the clay raw material to be used to seal the top and bottom of the wastes can be 
easily obtained. 
J. It should be open to main air currents in accordance with meteorological conditions. 
K. An Environmental Impact Assessment report should be available according to the storage capacity (ONEIA if it 
is less than 100 tons per day, EIA if it is larger). 
 

Today, most of the garbage collected by the municipalities is haphazardly piled up on the fields created without 
any precautions and thrown away. While the municipalities, which allocate 40% of their budgets to cleaning 
expenses, fulfill the duties assigned to them in solid waste management in collecting and transporting, they do not 
show the necessary importance in evaluation and disposal. Especially the mistakes made in the selection of the 
"Wild Storage" fields for disposal and the negativities in the operating conditions cause growing problems day by 
day [10]. 

The rapidly increasing population and changing living standards make it difficult to control and manage wastes 
by increasing the volume of waste and diversifying the waste composition. Solid waste management is becoming 
increasingly important and complex due to the current and potential risks of solid wastes, the reduction of natural 
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resources, economic and other reasons. For this reason, it is necessary to know the elements of integrated solid 
waste management that include all stages from waste generation to final disposal and their relations with each 
other (Table 1) [11-12]. 
 

Table 1. Suggested methods for determining solid waste storage areas 
Karaguzel and Mutluturk [13] Costa and Ryan [14] Dörhöfer and Siebert [15] 
1. Waste Inventory 
a. Characteristics of trash to be 
stored 
b. Waste amount 
c. Disposal method 
2. Location Selection 
a. Geology of the Site 
b. Hydrogeology of the Site 
c. Drilling 
d. Permeability tests 
e. Meteorological Condition 
f. Aquifers and Aquitares 
g. Ground-water 
3. Control Systems 
4. Storage Technique 
 

1. Geology of the Region 
2. Industry 
a. Liquid Waste Production 
b. Liquid Effect 
c. Environment 
d. Geomorphology and Hydrology 
e. Geology 
f. Hydrogeology 
3. Soil and Water Pollution 
Studies 
4. Field Studies 
a. Field Work Program 
b. Waste Zones 
c. Waterways 
 

1. Site Selection Process 
a. Geological Studies 
b. Hydrogeological Studies 
c. Mapping positive and negative 
areas 
2. Regional Planning Process 
a. Geological Routing Surveys 
b. Selection of Alternative Region / 
or Regions 
c. Effective Environmental Studies, 
Conferences 
3. Permission Process 
a. Detailed geological study of the 
area 
b. Ground-Water studies 
c. Climate 
d. Environment 
4. Geological Planning Surveys 
 

 
The importance of geological factors cannot be overlooked in the conditions of suitable site selection 

mentioned above. Geological factors such as surface and underground waters, rock structure, active fault, debris, 
landslide, avalanche, flood, and erosion risk are particularly important in the selection of solid waste storage areas. 
Examining these factors and specifying their importance in choosing a suitable site constitute the basis of the 
research scope. 
 

2. Wastes and Geological Factors 
 

Solid waste occurs as a natural consequence of human life. In parallel with the increasing population and 
developing technology all over the world, there has been a serious increase in the amount of waste produced by 
people. Primitive methods applied for the disposal of these wastes threaten human health directly or indirectly. It 
has become a necessity to use modern technologies in order to minimize the damages caused by solid wastes to 
humans and nature [13]. 

Solid waste landfill site selection studies consist of three stages in geological terms. In the first stage, thematic 
maps are prepared by examining the geological, hydrogeological, and hydrological characteristics of the study area 
in detail. Since the storage facility is planned to be designed to meet the needs of the region for 50 years, a 
population projection and waste inventory are prepared to determine the area that will be needed in the 
construction of the facility. Conservation areas and land use status maps of the basin are also prepared and 
overlaid with other thematic maps in the computer simulation to obtain a synthesis map showing the regions that 
are suitable and unsuitable for the construction of facilities belonging to the basin. Alternative areas are 
determined on the synthesis map prepared in the second stage, taking into account the morphological features 
suitable for the placement of the facility units. In the third stage, the most suitable area for storage is determined 
among the alternative areas. 
 

Table 2. Evaluation of alternative areas in solid waste landfill site selection 

Criteria Coefficients 
The goodness of the Field 
Relativity 

The score of the Field 

 
5= most important 
1= least important 

3         increasing goodness 
2 
1 

 

Sample: 
Ground-water depth 
 

 

 
1st 
Field 

2nd 
Field 

3rd 
Field 

3 15   
2  10  
1   5 
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These coefficients range from 1 to 5 and are graded as 1: least important, 2: less important, 3: important, 4: 
very important, 5: most important. In addition, alternative fields are ranked as 1, 2, 3 relatively to each other 
according to their goodness for each criterion (3: best, 2: less good, 1: least good). The score of each field from any 
criterion is determined by the product of the field's number in the ranking and the relevant criterion coefficient. 
Alternative fields are scored in this way according to each criterion. The alternative area with the highest total 
score is selected as the most suitable area for storage. In the last stage of the study, engineering geology studies 
are carried out for the design of the storage facility [16-17]. 
 

Table 3. Criteria used in solid waste landfill site selection and their coefficients 
Assessment Criteria Coefficients 
Geological Suitability  
- Structural Feature  
- Fault Status 5 
- Seismic Impact Zone 4 
- Stratigraphic Feature 3 
- Contact Relations 3 
- Availability of impermeable cover materials 4 

Hydrogeological Compatibility 

(Distance to inland surface waters from which drinking and utility water is supplied) 

 

Distance to lake 5 
Distance from streams, springs, etc. 4 
Floodplain 4 
Geotechnical Compatibility  
Properties of the bedrock 4 
Permeability of the soil 5 
Ground type 5 
Sensitivity of the area 3 
Environmental Conditions  
Availability of sufficient space for plant construction and expansion if needed 5 
Land use status 3 
Protected areas 4 
Distance to settlements 4 
Suitability of topography 4 
Airport security 2 
Wind direction 4 
Aesthetic 4 
Economic Conditions  
Leveling Cost 3 
Availability of roads for transportation 3 
Distance to waste source 3 
Ownership status of the land 2 
Infrastructure status 2 

 

2.1. Geological Criteria 
 

Geological conditions are the most important factor in determining the environmental suitability of a storage 
area. Using geological survey maps and regional geological information is especially important in the initial 
identification of alternative sites. It is very important to determine the three-dimensional distribution of the 
natural unit underground, which will form the ground of solid waste landfills. Geological sections should be drawn 
by determining the distribution of bedrock by drilling. 

In geological studies, potential groundwater flow, flow direction, and groundwater level measurements can be 
made with drillings. Interpretation of aerial photography is also often of great benefit. Flood, avalanche, landslide 
and erosion zones, floodplains, earthquake-affected zones, marshes, fault zones should be investigated very well 
with geological studies [18]. 
 
2.2. Earthquake Condition 
 

The stability of landfills is an important issue since they are complex structures. Stable landfill design is possible 
by understanding mechanisms such as settlement, slope stability, and seismic behavior. Storage sites in 
earthquake zones must be safe against landslides not only under static conditions but also under seismic 
conditions. Deformations in clay pavements or geosynthetic pavements will cause leaching and thus groundwater 
contamination. At the same time, fractures or ruptures in the leachate collection pipes and gas collection pipes 
reduce the usage performance of the landfill. Due to the heterogeneous nature of the waste, settlement, slope 
stability, and seismic behavior are different and more complex than the ground. Mechanical properties of ECCs, 
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such as strength and compressibility, depend on the composition of the waste, the mechanical properties of the 
components of the stored material, the water content, and the effect of degradation [19]. 

The distance of the alternative areas to the active faults, the earthquake history of these areas, and the intensity 
of the possible earthquakes should be investigated very well. As much as possible, solid waste storage areas should 
not be built in earthquake-active areas. The solid waste storage area built in such a region may cause serious 
environmental problems and are very difficult to remove after the earthquake. 
 
2.3. Geotechnical Conditions (Soil Conditions) 
 

In addition to regional and terrestrial geology, determining the kind of material and the method to work within 
geotechnical conditions is an indispensable work. Research pits and core drilling wells should be performed at the 
points determined by the observations made from a geological study. Thus, the three-dimensional distribution of 
the floor that will form the warehouse floor can be determined. 

Disturbed and undisturbed samples will be taken from the underground material through pits and drillings, 
and all necessary experiments will be carried out on these samples in the laboratory. In addition, it is possible to 
conduct various experiments in drilling and research pits, in the field, and at the wellhead. 

These experiments are; 
Field Tests: SPT Test, Pressurized water test, Vane Test, Plate loading test, etc.  
Laboratory Tests: Unit Volume Weight (dry, wet and normal) Test, Specific Gravity Test, Atterberg Limits 

(liquid, plastic and shrinkage limit) Test, Sieve Analysis, Uniaxial Compressive Strength, Triaxial Compressive 
Strength, Shear Box Test, Permeability Test, Consolidation Test, and Compaction Tests. The necessary and 
appropriate ones among these tests should be performed. 

The type, bearing capacity, settlement amount, compressibility, and other physical properties of the soil will 
be determined by the experiments. Parameters found in these tests will be used when necessary for slope stability 
analysis. In addition, necessary laboratory tests should be carried out on the soil sample that is intended to be used 
as a covering material [20]. 

In general, a waste collection plant suitable for engineering consists of natural and synthetic mattresses, cover 
layers, and other removal systems that cover natural soil and waste. Fine-grained soils that occur naturally in 
waste storage can be used as mattresses, and the important thing here is the permeability of the floor mattresses. 
The permeability of the compressed floor mattresses should be at the rate of 10-5 –10-7 cm/sec, depending on the 
stored material content. Clay floors are widely used as natural mattresses. Commonly used clay groups are the 
montmorillonite clay group with very low permeability. Ideally, the natural ground under the storage area is 
sufficiently impermeable to work as a protective barrier layer. If the ground under the facility does not have 
sufficient engineering properties, then the natural ground should be replaced with an impermeable clay floor and 
clay mattresses should be made on the floor of the warehouse. In addition, the facility should be covered with an 
impermeable cover layer [21]. 
 
2.3.1. Clay Mattresses 
 

Clay mattresses are used as foundation and slope mattresses or hydraulic barrier layer (impermeable) in units 
containing waste, or similarly as cover lining. Compressed clay mattresses are usually made from natural clay 
materials. The permeability of the compressed clay varies depending on the clay mineral, the void structure, the 
water content at the time of compression, and the compaction method. In order to obtain a lower impermeability, 
the water content of the compressed clay should be higher than the optimum water content (ωopt). Soils 
compressed under optimum water content (ωopt) have a more void structure than soils compressed above 
optimum water content (ωopt). Therefore, the hydraulic conductivity (k) value also changes as a function of the gap 
arrangement, and it has been stated that the hydraulic conductivity (k) value gives lower values above the 
optimum water content (ωopt) [22]. 

If the clays are compressed at a water ratio higher than the optimum water content (ωopt), the soft and wet 
grains of the soil are remolded and a smaller void structure is obtained. Thus, lower hydraulic conductivity (k) 
values are obtained [23]. 

The following characteristics of the clays to be used as mattresses in solid waste storages will affect the quality 
of the mattresses to be made; k≤10-7 cm/sec, low shrinkage and cracking properties when dried, having sufficient 
shear strength, ≥%39-50 percentage of dry weight passing through no.200 sieve, the plasticity index (Ip) (ASTM 
D4318) should be ≥ 7-10% and the dry weight remaining on the 4th sieve should be ≤20% [24]. 

 
2.3.2. Synthetic Mattresses 
 

There are many geosynthetics used for different purposes in waste warehouses. These are synthetics such as 
geomembrane, geotextile, geonet, or geogrid. Geomembrane is used to provide impermeability in clay mattresses. 
Geomembranes used in liquid and vapor insulation are flexible, polymer sheets with very low permeability. In 
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landfills, geomembranes are typically used as a ground/foundation or covering layer on their surface, in addition 
to low permeability mattresses. In order not to pollute the ground and groundwater from the wastewater that will 
occur in the waste, or to reduce the damage of the wastewater, the ground/foundation mattresses are placed under 
the waste material. Polyethylene (PE) geomembranes are most commonly used in the foundation and coating 
systems of waste warehouses. These geomembranes have important properties especially in terms of chemical 
resistance and durability. High-density polyethylene (HDPE) geomembranes are used in foundation coating 
systems [25]. However, due to the large accumulations that may occur in the waste, a more flexible geomembrane 
is needed in the coating systems. For this reason, very low-density polyethylene (VLDPE) is generally used in these 
applications. It is stated that this material is more flexible and adapts more easily to settlements in the waste 
without puncturing [24]. Apart from these, there are different geomembranes used in storage units and other 
impermeability structures. 

Apart from geomembranes as mattresses, geotextiles are also used in waste disposal facilities. Geotextiles are 
widely used as a filter, separation, support, cushion, and drainage material. A relatively new application for 
geotextiles is as an alternative log coating for waste. Apart from geotextiles, geonet and geopipe can be used in 
drainage systems. Geogrids are also used in case of carrying capacity problems in storage units. In waste 
management systems, geogrids can be used to support stratification systems on the weak ground surface or cover 
mattresses on overhead waste slopes [24-25]. 
 
2.3.3. Geosynthetic Clay Mattresses 
 

In recent years, design engineers prefer the use of geosynthetic clay mattresses as an alternative to clay 
mattresses in covering and covering systems in waste storage due to very low permeability and cost. Geosynthetic 
clay mattresses are very low permeability insulating materials consisting of powdery bentonite or weak granular 
layers that can adhere chemically or mechanically to a geotextile or geomembrane. Geosynthetic clay mattresses 
(Geosynthetic Clay Liner, GCL) are usually made by placing them on top of each other in the field. These are often 
used as an alternative to compacted clay silts and GCLs have some advantages over compacted clay silts. These are 
materials that are more flexible, can hold themselves to some extent, and are easier to place. They may be preferred 
for low construction costs in the fields where low permeability clays are not readily available [26-28]. 
 
2.4. Hydrological Condition 
 

The irregular storage of solid wastes causes soil, water, and air pollution. Solid waste and leaking wastewater 
pollute surface and underground waters, and as a result, they pose threat to human health and the environment. 
Detailed geological studies in the determination of suitable storage locations and the examination of soil 
properties, as well as the study of the hydrogeological properties of the region, are important in this respect. 

The boundaries and characteristics of the recharge basin in which the storage area is located, the precipitation 
area, underground seepage, and runoff should be examined, and necessary drainage measures should be taken 
[29]. The hydrogeological and permeability properties of existing and potential aquifers and lithological units 
should be described in detail. Structural and surface properties that affect the flow of groundwater and the 
resistance properties of the material at the bottom of the storage area against deterioration should be determined 
[30]. Groundwater level should be measured, chemical analysis of water should be done, water reserve and 
hydraulic slope should be calculated [31]. Due to the spreading and accelerating effect of possible contamination, 
soils with high permeability values and fissured and soluble carbonate lithological units in which contamination 
can spread should be avoided [32]. 

The selected storage location should be outside the protection zone of drinking and thermal water resources, 
the groundwater level should be at least 3 meters or deeper, and it should not be in the flood and earthquake zone. 
In order to prevent contamination of ground and surface waters, soil and nutrients, impermeability must be 
provided for both the ground and the surface [33]. 

Hydrology is very important in determining the existing natural drainage and flow characteristics. Centennial 
flood limits should be defined. The waste storage built in the 100-year-old floodplain should be designed by 
defining the characteristics of the basin very well in order to reduce the temporary water holding capacity of the 
flood basin and not to interrupt the flow when transporting the solid waste that will harm human health and the 
environment. 

In geological and geotechnical studies, drillings can be used to measure the potential groundwater flow, flow 
direction, and groundwater level. In addition, all necessary hydrogeological characteristics of the unit forming the 
floor of the solid waste storage area should be determined in the field, wellhead, or laboratory. Drinking water 
areas should be determined very well and the interaction with these areas should be examined [31]. 
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2.5. Measures Against Ground and Surface Water Pollution 
 

As long as there are suitable areas in the landfill method, the negative effects on the environment are 
minimized, while the wastes are decomposed under control and converted into stable substances [34]. While the 
leachate is filtered through the solid wastes, it is polluted with some chemical, physical and biological events and 
contains elements and compounds arising from the solid waste content. The source of the leachate is the water 
content in the stored solid waste and the water entering the tank from outside. The water entering the tank from 
the outside is formed by the leakage of rainwater over the tank and the entry of surface and underground waters 
into the tank. Factors affecting the formation of garbage leachate in solid waste storage areas are precipitation, 
surface flow, groundwater inflow, irrigation, waste degradation, evapotranspiration (temperature, wind, 
humidity, atmospheric pressure, cover humidity, vegetation, solar radiation), infiltration, moisture of waste 
holding capacity and permeability [35]. Waste leachate formation in solid waste landfills increases in direct 
proportion to the amount of precipitation, surface runoff, and groundwater entering the area. In order to minimize 
leachate formation and to prevent environmental damage of leachate, hydrological and hydrogeological water 
inflows to the storage area should be prevented. For this, solid waste storage areas should be selected from regions 
with low rainfall, the top cover should be made and grassed, surface drainage should be made and solid waste 
should be subjected to adequate compression [36]. Apart from these; 

A. In order to prevent the accumulation of rainwater, which is the most effective factor in water pollution, in 
the storage area, the surface of the tank should be covered with an impermeable clay layer and its surface should 
be sloped %3. 

B. The bottom of the landfill should be made impermeable and the leachate should be drained and collected at 
a specific point so that the leachate does not mix with the groundwater. 

C. The collected leachate should be discharged after being treated in a way that does not pollute the 
environment [37-38]. 
 
3. Conclusions and Recommendations 
 

Mainly geological, hydrogeological, and geotechnical factors play an important role in the selection and 
evaluation of landfill sites for waste disposal. These factors include not only the physical properties of rocks but 
also their stratigraphic and structural properties and engineering properties such as permeability, strength, and 
usability. It is important to consider these factors in selecting sites suitable for any use. The depth of geological 
information obtained from the surface in site selection can be improved by geophysical studies and drilling. In 
addition, issues such as the current use of the projected place, distance from settlements, transportation, types 
and amounts of hazardous wastes are also extremely important. It has been supported by many studies that it 
would be important and beneficial not to limit the studies to the only surface and subsurface studies, and to pay 
due attention to shallow and deep researches. 

According to the results obtained from environmental protection studies, it has been proven and understood 
by the studies that the efforts are successful and it is possible to create living environments where the environment 
is intact or less affected. Therefore, it should be taken into account that environmental protection does not only 
consist of problems that appear on the ground but that there are/may be ongoing problems underground as well. 
In addition, reduction at source, recovery, recycling, and composting efforts should be encouraged to reduce the 
volume of waste. However, source reduction, recycling, and composting can result in a significant portion of the 
urban waste stream being diverted to landfills. The economic viability of incinerators, on the other hand, depends 
on the revenue from the sale of energy produced by incineration of waste. International criteria must be used in 
the classification and disposal of wastes. 
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 The use of randomly distributed fibers as soil reinforcement has recently become 
popular as a result of more satisfactory performance compared with those of the 
conventional reinforcements. Most previous investigations have focused on the strength 
and deformation characteristics of fiber-reinforced soil. The liquefaction behavior of 
fiber reinforced soils has recently received interest since fiber addition is currently 
considered as a new way of soil improvement to prevent soil liquefaction. Studies 
indicate that when soils are reinforced with synthetic or natural fibers, a reduction is 
observed in the number of cycles required to initiate liquefaction under undrained 
loading conditions. In this study, a regression analysis was performed by using the 
results of the previous studies.  The obtained formula is able to capture the effect of fiber 
percentage and relative density of the cohesionless soil on the cyclic stress ratio values 
with a good agreement. 

 
 
 
 
 
 
 
 
 

1. Introduction  
 

Soil liquefaction can cause landslides, collapse of foundations, damage to soil structures, and lateral movement 
of structures standing on the ground. Therefore, it is important to consider the liquefaction potential of dams, 
embankments, slopes, foundation structures. 

The liquefaction of saturated loose sands is defined as the loss of soil strength due to excessive pore pressures 
under seismic waves. During earthquakes, liquefaction causes reductions in the bearing capacity of soils and 
causes excessive settlements [1]. Basic liquefaction scheme is shown in Figure 1.   

The occurrence of liquefaction has encouraged the interest of many investigators and remarkable work has 
been carried out to evaluate liquefaction susceptibility. Properties of soil could be improved by using 
reinforcement materials to eliminate the liquefaction hazard [2]. 

It has been revealed that the use of fiber in soils increases the shear strength of the soil, improves the flexible 
behavior and reduces the strength loss observed after the highest strength is reached. Recently, static liquefaction 
studies have investigated the possibility of fiber reinforcement to improve the liquefaction resistance of sand, 
these studies indicated that lateral spreading can be prevented by using fiber reinforcement. 

Soil reinforcement with randomly distributed fibers was investigated by researchers in last few years and 
results showed that mixing fibers with granular soils improved liquefaction resistance and shear modulus of the 
soils. 
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Figure 1. Liquefaction scheme [3] 

 
 

2. Material and Method 

 
It has been frequently used in recent years to obtain a homogeneous and clean soil with improved engineering 

properties, by randomly mixing the fibers produced from natural sources or artificially, which is a soil 
improvement method first researched in the laboratory and then used in practical engineering applications. 

Soil reinforcement with fibers has some advantages compared to traditional soil reinforcement techniques. For 
example; mixing fibers with the soils is relatively easy with current soil mixing techniques and if homogeneous 
mixing is achieved, the fibers provide isotropic strength gain in the soil [4]. 

Basically, in this technique, which is developed by considering the contribution of plant fibers or roots to the 
stability of the soil, the fiber-soil mixture can reach very high shear strength values compared to the nonreinforced 
soil. Because, the fibers have higher tensile strength compared to the soil. For this reason, it is thought that the 
fibers will be efficient especially in soils near to the surface where the effective stresses and accordingly the shear 
strength are low. 

Additionally, fibers mechanically change the failure mechanisms of cracks that may occur due to tensile 

stresses in the soil and prevent serious strength loss in the soil [5].  

Although there are various investigations about strength and deformation characteristics of fiber-

reinforcement soils under static loads, the studies on under cyclic loading are very limited in the literature. 

In order to understand the liquefaction behavior of fiber reinforced soil, a series of ring-shear tests and a series 

of cyclic triaxial tests have been carried out on soil samples with different fiber content and sand density. 

 

3. Literature Review 
 

Jin Liu et al. [6], carried a series of undrained ring shear tests on saturated samples with different fiber content 
and sand density percentages to understand the effect of fiber content and sand density on the liquefaction 
behavior of fiber-reinforced sand. Fiber-free and fiber-reinforced samples were prepared using a moist 
compression technique. This technique is widely used in laboratory studies of fiber-reinforced sand and allows 
control of sample density while preventing fiber separation. 

To analyze the results of shear tests on fiber-reinforced saturated sand, the samples were separated three 
groups as loose, medium dense and dense samples. 

In loose samples, fiber addition did not significantly affect the undrained shear behavior, but samples without 
fiber added after shear showed a completely collapsed structure, while reinforced samples retained structural 
stability even after removal of the top ring. This situation is shown in Figure 2. 
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Figure 2. Liquefied loose specimens after shearing: (a) Sand; (b) fiber 0.4% [6]. 

 
As seen in Figure 3 and Figure 4, the presence of fibers obviously affected the undrained behavior of medium 

density and dense samples.  

 
Figure 3. Liquefied medium dense samples after shearing: (a) Sand; (b) fiber 0.4% [6]. 

 
Figure 4. Liquefied dense samples after shearing: (a) Sand; (b) fiber 0.4% [6]. 

 
The results indicated that tests on sand samples showed a continuous decrease in shear strength after the sand 

was sheared, while samples with added fiber showed fluctuations even after shearing. This fluctuation is further 
strengthened by increasing fiber content. All reinforced medium density and dense samples retained structural 
stability, while the medium density sample without added fiber showed a partially collapsed structure and the 
dense sample showed little structural stability. 
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Noorzad et al. [7], aimed to characterize the liquefaction resistance and shear modulus of the sand-fiber 
mixture using cyclic triaxial experiments. The effects of test parameters and fiber properties on the liquefaction 
resistance and shear modulus of non-fiber and fiber-added samples were investigated. 

As a result of the experiments, it is seen that the number of cycles required for liquefaction to occur increases 
with the increase in fiber content. By adding the fibers to the sand soil, the soil grains are better interlocked and 
at the same time, an easy homogeneous distribution is achieved. 

An increase in fiber length has been found to increase the number of cycles required for liquefaction to occur, 
although the fibers are less effective during the initial cycles. In this case, the probability of slippage in the fibers 
decreased with increasing fiber length, resulting in better performance of the fibers in the ground. 

Sonmezer [8] investigated the liquefaction potential of sandy soil reinforced with 0.25-1.00% polypropylene 
fiber using a stress-controlled cyclic shear test and an energy-based approach. 

6, 12 and 19 mm long polypropylene fibers were used to reinforce the soil. The fibers used have a diameter of 
0.031 mm, a specific density of 0.9, a tensile strength of 400 MPa and a modulus of elasticity of around 1000-2500 
MPa. 

The aim of the study was observing the effect of fiber reinforcement in loose sand layers saturated with water 
and with high liquefaction potential during an earthquake, mostly samples with 30% relative density were tested. 
However, to investigate the effect of relative density, tests were also conducted on a few samples with 50% relative 
density. 

In the tests, the cumulative energy values of the fiber reinforced sand samples were obtained until the 
beginning of the liquefaction occurrence. 

As a result of the tests, the area under the curve decreased as the number of cycles increased. The reason for 
this decrease was explained as the increase in excessive pore water pressure, and at the time of liquefaction, the 
area under the loop was greatly reduced and the hysteresis loop took an almost flat shape.  

When the results of the study are examined, the cumulative energy, depending on the increase in fiber length 

as well as fiber content; increased with increasing number of cycles until liquefaction occurred.  

It was observed that the liquefaction resistance of fiber-reinforced samples increased significantly with the 

increase in fiber content and length, especially when compared to non-fiber-reinforced samples. This increase is 

thought to be due to the increase in the shear strength of the soil sample due to the presence of fibers. This showed 

that fibers mixed with sand clearly had a significant effect on the liquefaction susceptibility of sandy soil. 

In addition, the presence of fibers strongly influenced the evolution of pore water pressure. In other words, the 

increase in excess pore pressure in the presence of fibers is very slow. The same result is valid for both the increase 

in fiber content and the increase in fiber length. This is thought to be due to the fact that the fiber is an extensible 

material, increasing the energy absorption capacity of the sand. 

Karakan et al. [9], aimed to determine the liquefaction resistance of fiber reinforced sand samples and the 

development of pore water pressure by applying cyclic triaxial tests. The effect of fibers in improving the 

liquefaction resistance of poor grade sand was investigated with a series of dynamic tests. The test sets contain 

samples with 0%, 0.25%, 0.5% and 1% polypropylene fiber content and two different fibers (6 mm and 12 mm) 

lengths. The relative density of the samples was 30%, 50% and 70%, representing different hardness states of the 

soil, and the samples were consolidated under a confined pressure of 100 kPa. In addition, a cyclic loading 

frequency of 0.1 Hz was applied to the samples. 

When the experimental results were examined, an increase in fiber length increased the number of cycles that 

would trigger liquefaction for samples with a relative density of 30%. Additionally, the lowest liquefaction 

resistance for samples with 50% relative density and 6 mm fiber length was obtained from samples with 0.25% 

fiber ratio. 

Moreover, the highest liquefaction resistance was obtained in samples containing 1% fiber. For samples with 

a relative density of 50% and a fiber length of 12 mm, the liquefaction resistance of the fiber-free samples showed 

a liquefaction resistance varying in a narrow band of 0.25% and 0.5%. The most remarkable improvement against 

liquefaction was obtained in samples with 1% fiber content. 

Muley et al. [10], in their work; the effect of natural fiber, namely coconut fiber, on the liquefaction susceptibility 

of Solani River fine sand was investigated using tension-controlled undrained cyclic triaxial tests performed in 

accordance with ASTM D3999. The tests were carried out with samples prepared at 35% relative density and 

different fiber contents (0%, 0.25%, 0.50% and 0.75%). The inclusion of fibers significantly affected the results, 

and the specific gravity values of the mixed soil decreased continuously due to the increase in fiber content, while 

the maximum and minimum void ratio increased. 

Chegenizadeh et al. [11], investigated the effect of fibers on the liquefaction resistance of low plasticity silt by 

performing a series of dynamic triaxial tests on fiber-reinforced and non-fiber-reinforced samples. The results 

showed that increasing the fiber content and length increased the liquefaction resistance of the samples, whereas 
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with an increase in the relative density (Dr), the liquefaction resistance of the fiber-reinforced sample became 

more marked than that of the unreinforced sample. 

Vercueil et al. [12], performed an experimental study (cyclic triaxial tests) of the liquefaction resistance of 

Hostun sand reinforced with geosynthetics. The results showed that the liquefaction resistance considerably 

decreases with fiber addition. 

Bhandari and Han [13], carried out studies on the behavior of the geotextile and the soil under a cyclic wheel 

load using discrete element method. They reported that the geotextile has a major effect on the degree of 

interaction between the geotextile and the soil. 

Altun et al. [14], conducted several stress-controlled cyclic torsional shear tests to investigate the effect of 

geosynthetics in increasing the resistance to liquefaction of Toyoura sand. The results showed that the liquefaction 

resistance of sand deposits can be remarkably improved by geosynthetic reinforcement. 

Maher and Woods [15], studied the dynamic response (i.e.,shear modulus and damping) of sand reinforced 

with randomly distributed fibers using resonant-column and torsional shear tests. They reported that the addition 

of fibers enhances the dynamic modulus of cohesionless soils. 

Ibraim et al. [16], investigated the static liquefaction behavior of fine sand reinforced with discrete crimped 

polypropylene fibers in both triaxial compression and triaxial extension tests. They found that the presence of 

fibers diminishes the potential of liquefaction.  

Chen and Loehr [17], studied the behavior of fiber reinforced soil in the triaxial experimental setup under with 

and without drainage. They found that the soil strengths of the fiber-reinforced specimens under drained 

conditions exceeds the respective values of the same specimens under undrained conditions at low deformation 

levels. 

Makiuchi et al. [18], reported that the strength and ductility of fiber-reinforced soils are properties that help 

build earthquake-resistant structures. They also proposed a method using synthetic fiber in their study. 

Ashmawy and Bourdeau [19] explored the effect of geotextile reinforcement on the stress–strain and 

volumetric behavior of sand subjected to monotonic and cyclic loading. They conducted a series of drained triaxial 

tests on saturated sand samples reinforced with woven and nonwoven geotextiles. The results showed that the 

presence of reinforcement resulted in a significant increase in monotonic shear strength and ductility of sand and 

a reduction in cyclic deformability. Furthermore, under both monotonic and cyclic loading, a reduction in volume 

change potential was observed by the geotextile reinforcement. 

Krishnaswamy and Isaac [20], observed that the inclusion of fiber significantly increased liquefaction 

resistance of sands. Authors used polypropylene, needle-punched and natural fiber as reinforcing material. It was 

observed that the reinforcement effect was more pronounced at lower densities. 

Sharma and Kumar [21], reported that the strength and bearing capacity of the fiber-reinforced soil increased 

considerably with an increase in the relative density. Moreover, the previous researchers reported that the fibers 

can increase the ductility and liquefaction resistance of the soil. 

The tests carried by Sadek et al. showed that a 0.5 to 1.5 % fiber content in the soil increases the shear strength 

values of the specimens [22].  

Erken et al. [23] carried that the dynamic strength values of sand specimens saturated to water increase with 

increasing fiber ratio. 

Shuai-dong and Xiang-juan [24] studied the cyclic behavior of reinforced silty sand by performing consolidated 

undrained cyclic triaxial tests. The dynamic elastic modulus of reinforced soil was reported to increase due to 

reinforcement, confining pressure, and consolidation stress ratio, as to the unreinforced soil. 

 

4. Results and Discussion 

 
The studies on the behavior of soils reinforced with randomly distributed elements under cyclic loading is very 

limited in the literature since the studies are about the strength properties of fiber reinforced soils. Investigators 
noted that that the number of cycles causing liquefaction increased with an increase in fiber ratio and CSR values 
increased with the increase of fiber length. Since, application of dynamic triaxial and torsional shear tests are 
significantly difficult, a regression analysis were performed in the current study by using the results of the previous 
studies. A sample of the used data is depicted in Table 1. 
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Table 1.  A summary of the results derived from previous studies  

Fiber Percent (%) Dr (%) Fiber Length (mm) CSR 

1 30 6 0.336 

0.5 30 6 0.288 

0.25 30 6 0.244 

0 30 6 0.221 

1 30 12 0.351 

0.5 30 12 0.296 

0.25 30 12 0.266 

0 30 12 0.221 

1 50 6 0.399 

0.5 50 6 0.323 

0.25 50 6 0.264 

0 50 6 0.316 

1 50 12 0.409 

0.5 50 12 0.344 

0.25 50 12 0.335 

0 50 12 0.316 

 
 

 
Based on the multiple variate regression analyses, the following equation was obtained. 

 

𝐶𝑆𝑅 = 𝑎 + 𝑏𝐹𝑝 + 𝑐𝐷𝑟 + 𝑑 (
𝐹𝑝

𝐷𝑟
⁄ ) + 𝑒(𝑒𝑥𝑝(𝐹𝑝

3𝐷𝑟
3) 

 

(1) 

In this equation, CSR represents the Cyclic Stress Ratio whereas Fp, and Dr denotes fiber percent and soil relative 
density, respectively. The constant parameters of a, b, c, d and e will be taken as: 0.5481, 0.2832, 0.2328, -0.04756, 
-0.4001, respectively.  The graphical representation of the multivariate regression analysis was shown in Figure 
5. The coefficient of determination is found as 0.90 for the suggested formula. 

 
 

 
 

Figure 5. Graphical depiction of the multivariate nonlinear regression modeling results 
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5. Conclusion  

 

Fiber reinforcement is an efficient method in limiting or even preventing the occurrence of the lateral 

movement of the sandy soils due to liquefaction. The presence of fibers affects the behavior of sand in cyclic 

compression by increasing the cyclic strength therefore liquefaction hazards or deformations appear to diminish. 

The cyclic test results showed that the addition of randomly distributed polypropylene fibers increases 

significantly the liquefaction resistance of sands at low relative densities. Since, application of dynamic triaxial and 

torsional shear tests are significantly difficult, a regression analysis were performed in the current study by using 

the results of the previous studies.  The obtained formula is able to capture the effect of fiber percentage and 

relative density of the cohesionless soil on the cyclic stress ratio values with a good agreement (R2=0,90). 
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 The discharge of dyestuffs originating from the textile industries pollutes the natural 
waters. Therefore, the adsorption which used to remove dyestuffs from wastewater, is 
an effective, economical and successful method. Adsorption is a very effective, 
widespread, easy and inexpensive method used for textile dye removal from wastewater. 
Bayburt stone powders were used as adsorbent and Astrazon Red GTLN textile dye was 
used as adsorbate. According to the results of the study, the optimum pH value was 10, 
the initial dye concentration was 10 mg/L, the mixing speed was 200 rpm and the 
adsorbent amount was 10 g/L. Langmuir, Freundlich and Temkin isotherms were used 
to evaluate the adsorption dynamics. Langmuir isotherm was best fit and Astrazon Red 
removal efficiency was found to be 85% by using Bayburt stone under optimum 
conditions. 

 

 
 
 
 
 
 

1. Introduction  
 

With industrialization, the textile industry is also developing rapidly. Finishing processes such as dyeing, 
printing, washing and drying are commonly used in textile fabrics. Since textile dyes have the potential to pollute 
the receiving water environment, they are in the group of wastewaters that must be treated before discharge [1]. 
For this purpose, various treatment methods such as coagulation, flocculation, electrochemical processes, 
chemical oxidation, reverse osmosis, electrochemical filtration, aerobic and anaerobic treatment are used for 
textile dye removal from wastewaters. More economical and more suitable operating conditions are preferred in 
terms of the applicability and efficiency of the treatment methods used in dyestuff removal [2]. The adsorption of 
methylene blue dyestuff in aqueous solutions with pumice powder was investigated and it was revealed that as 
the amount of adsorbent and time increased, the adsorption increased, and the adsorption rate of the basic dye 
decreased with increasing concentration [3]. Wastewaters containing dyestuffs generally have a dark different 
colour and wide pH range, high temperature, COD (Chemical Oxygen Demand), BOD (Biological Oxygen Demand), 
total dissolved solids and high conductivity. Both physical, chemical and visual pollution occur in the discharge of 
dye-containing wastewater. The colour and density of wastewater containing dyestuffs may differ according to the 
type of dyestuff [4].  

Adsorption is a frequently used, inexpensive and good method for the treatment of dyestuff-containing 
wastewater. Adsorption studies are carried out by altering the conditions such as different organic and inorganic 
materials and different pH, temperature, concentration, adsorbent amounts to optimise the conditions for 
adsorption. Adsorption continues until a balance that established between the concentration of the substance 
deposited on the surface of the adsorbent and the concentration of the substance remaining in the solution. At this 
equilibrium time, the relationship between the amount of substance adsorbed at constant temperature and the 
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equilibrium pressure or concentration is called "adsorption isotherm" and gives information about the 
characterization of the experiment.  In the study in which rice husk was used as adsorbent, it was observed that 
the adsorption process reached equilibrium at pH 7.87 and within 90 minutes [5]. In another study, the removal 
of ethylene blue dye from aqueous solutions with pine-magnetite composite as adsorbent was studied and its 
effects on the removal of methylene blue dyestuffs were investigated at different temperatures, adsorbent dose, 
adsorbate concentration and different temperatures [6].  
 

2. Material and Method 
 

The Bayburt stone used in this study is extracted from the provincial borders of Bayburt and brought to the 
laboratory in relatively large sizes to be used in the study. It was first grinded and cleaned by washing several 
times with the help of distilled water and left to dry in an oven at 105 °C for 24 hours and then ground into powder. 
Detailed technical analyse values of yellow Bayburt stone are given in Table 1 [7]. 
 

Table 1. Technical analysis values of Bayburt stone 

MgO, %  0.5 

SiO2, %  4.80 

CaO, %  7.30 

Fe2O3, %  2.45 

Spesific gravity, g/cm3  2.71 

Unit volume weight, g/cm3  1.84 

Water absorption at atmospheric pressure 
By weight (%) 13.0 

By volume (%) 24.0 

Apparent porosity, %  24.0 

Pressure resistance, kgf/cm2  282 

Porosity degree, %  32.2 

Average wear resistance, cm3/50 cm2  63.6 

 
         In order to investigate the zeta potential values, potential measurements were made at different pH values 
between 2 and 12 and the maximum value was obtained at pH 10 as -29.8 mV (Figure 1).  
 

 
Figure 1. Zeta potential values versus pH 

 
The wastewater used in the study was prepared synthetically with Astrazon Red GTLN textile dye. Astrazon 

Red GTLN textile dye has the chemical formula of C19H25ClN5O2. The chemical structure of it is given in Figure 2. 
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Figure 2. Chemical formula of Astrazon Red GTLN 

 
In the study, different inlet dye concentration, adsorbent amount, contact time and different temperature 

values were tried to determine the adsorption efficiency for dyestuff removal in laboratory conditions. 
1 N hydrochloric acid (HCl) and 1 N sodium hydroxide (NaOH) solution were used to bring the pH value to the 

desired values. The dyestuff stock solution prepared at 1000 ppm was diluted in the range of 10-200 mg/L and 
placed in 250 ml bottles and adsorbent was added in the range of 0.1-10 g/L. After centrifugation, it was heated 
and stirred at constant temperature for a certain period of time. The samples were filtered and read in the 
spectrophotometer. 

Devices used in conducting experimental studies are in Atatürk University Environmental Engineering 
Department Laboratories. Axis 220 brand analytical balance was used for precision weighing, MikrotestTT104 
brand oven and desiccator were used for the preparation of the samples, batch trials were carried out in Edmund 
Bühler Incubator HoodTH15 brand heater mixer. pH measurement was made with a CrisonpH25+ brand pH meter. 
Nuve NF 1200 R brand centrifuge device was used for solid-liquid separation. The concentrations of the samples 
were determined with the help of Merck Spectroquant prove 300-mark spectrophotometer device.  

At the end of the experiment the adsorbent was separated from the solution with the help of filtration and then 
viewed with the Daytam ZEISS SIGMA 300 brand Scanning Electron Microscope (SEM) device. SEM photographs 
of Bayburt stone before and after adsorption are shown in Figures 3 and 4.   
 

 
Figure 3. Before adsorption 

 
   Different inlet concentration, temperature and contact time values were tried to determine the optimum 
conditions. 
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Figure 4. After adsorption 

 
In order to calculate the adsorption efficiency for dyestuff removal in laboratory conditions, the adsorbent 

amount is taken as the basis in the inlet and equilibrium state, and the concentration and volume. The equilibrium 
amount of adsorbed substances (qe) and removal efficiency was calculated with the Equations (1) and (2): 
 

qe= 
𝐶𝑜−𝐶𝑒

𝑚
*V (1) 

  

%R= 
𝐶𝑜−𝐶𝑒

𝐿𝑒
*100 (2) 

 
where Co and Ce are the liquid-phase concentrations of dye (mg/L) at initial and equilibrium state, respectively, V 
is the volume of the solution (L) and m is the mass of dry sorbent(g) [8]. 
 

3. Results  
 

Adsorption experiments were carried out by using 250 mL Erlenmeyer flasks. Sorbent and Astrazon Red GTLN 
solutions were added to the flasks for each experiment. Flask content temperatures stabilized before the test 
within a range between 25 °C and 35 °C.  

Adsorbed Astrazon Red GTLN amount onto per unit weight of adsorbent (mg/g) is calculated with Equation 1. 
Langmiur [9], Freundlich [10] and Tempkin [11] isotherm model equations are given below with the Equations of 
3, 4 and 5, respectively.  
 

1

q
e

=(
1

𝐾𝐿 .qm
) (

1

Ce
) + (

1

q
m

) (3) 

 
where qm is the maximum adsorbate uptake capacity (mg/g) and KL is the Langmuir constant related to the energy 
of adsorption (L/mg).  
 

𝑙𝑛( 𝑞𝑒) = 𝑙𝑛𝐾𝐹 +
1

𝑛
𝑙𝑛𝐶𝑒  (4) 

 
where KF is Freundlich constant related to biosorption capacity (L/g) and 1/n is the heterogeneity factor. 
 

𝑞𝑒 = 𝐵 𝑙𝑛 𝐴 + 𝐵 𝑙𝑛𝐶𝑒 (5) 
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where B = RT/b, b is the Temkin constant related to heat of sorption (J/mol), A is the Temkin isotherm constant 
(L/g), R is the gas constant (8.314 J/mol.K) and T is the absolute temperature (K) of solution.  

Langmiur, Freundlich and Tempkin isotherms were tested. Graphs are given in Figure 5. 
 

 
Figure 5. Langmuir (a), Freundlich (b) and Tempkin (c) isotherm model plots 

 

The isotherm model constants are given in Table 2. 
The study was carried out at 25°C, 30°C, 35°C conditions. In the study, the adsorption efficiency for dyestuff 

removal was calculated under different temperature laboratory conditions and it was observed that the 
adsorption rate increased with temperature. According to the results of the adsorption study, it was determined 
that the highest dye removal efficiency was at 35°C (Figure 6).  
 

Table 2. Isotherm model constants 

Temp.  m(g) 
Langmuir Freundlich Temkin 

 qm B R2 KF n R2 A B b R2 

25°C 

1 75,864 0,055 0,973 4,143 1,312 0,987 0,347 29,935 86,931 0,809 
2 39,086 0,055 0,973 2,148 1,312 0,992 0,358 15,131 171,982 0,822 
5 17,266 0,050 0,980 0,891 1,308 0,995 0,369 6,158 422,619 0,843 
10 8,420 0,058 0,977 0,483 1,320 0,995 0,397 3,114 835,616 0,841 

30°C 

1 91,649 0,049 0,982 4,436 1,266 0,991 0,371 32,892 79,116 0,816 
2 45,533 0,051 0,981 2,305 1,272 0,993 0,384 16,497 157,741 0,821 
5 17,641 0,060 0,978 1,037 1,306 0,994 0,425 6,522 399,000 0,834 
10 9,506 0,057 0,981 0,531 1,290 0,996 0,434 3,358 774,912 0,841 

35°C 

1 147,833 0,027 0,995 4,298 1,214 0,993 0,362 35,360 73,593 0,830 
2 63,240 0,036 0,994 2,383 1,239 0,993 0,395 17,554 148,245 0,829 
5 24,920 0,040 0,994 1,047 1,261 0,996 0,428 6,994 372,054 0,841 
10 11,730 0,049 0,993 0,591 1,292 0,997 0,478 3,475 748,875 0,840 

 

 
Figure 6. Concentrations with time for different temperatures 
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It was observed that as the inlet dye concentration increased, the removal efficiency decreased as it exceeded 
the adsorption capacity. Similarly, in a study which is on the removal of methylene blue, used pine leaves as 
adsorbent, it was observed that while the concentration was increased from 10 to 90 mg/L, the removal efficiency 
decreased from 96.5 to 40.9% [2]. 

The following experiments were carried out under different temperature and inlet concentration conditions 
and the dye removal efficiencies were investigated. It was observed that the adsorption efficiency decreased as 
the inlet concentration increased (Figure 7). In order to determine the adsorption efficiency and concentration 
behaviours in the adsorption process, experiments were carried out up to 90 minutes but the first 30 minutes 
were found to be the effective time.  

  The adhesion and contact of the dyestuff to be removed in the adsorbent substance yellow Bayburt stone 
surface area and pores should be homogeneously ensured. Therefore, since the mixing speed is effective in 
adsorption, the diffusion of the entire substance cannot fully adhere to the adsorbent surface in a low-speed mixing 
process. High mixing speed disrupts the adsorption mechanism and makes it difficult for adsorption to reach 
equilibrium [12]. In addition, when the mixing energy cost is considered, the mixing speed becomes even more 
important. 

 
Figure 7. Concentrations with time for different initial dye concentrations 

 
As can be seen in Figure 8, when the dye removal efficiency values were examined against different initial 

concentrations, the adsorption efficiency decreased as the concentration value increased. 
 

 
Figure 8. Removal rates for different initial dye concentrations 
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Considering these experimental data, it is seen that increasing the amount of Bayburt stone increases the 
adsorbing efficiency of the dyestuff. Since the surface area of the adsorbent will increase with the increase of the 
amount used, the amount of adsorbate adsorbed in the pores of the adsorbent also increases. Because the 
adsorption efficiency and intensity will increase proportionally with the increase in surface area, this ratio has 
been proven [13]. 
 
 

4. Conclusion  
 

By using the yellow type of Bayburt stone, in this study, the removal of dyestuff in the aqueous solution, which 
is used in dyeing products in the textile industry, by adsorption method was investigated. In terms of parameters 
affecting adsorption, the effects of contact time, inlet adsorbate substance concentration, adsorbent substance 
dosage, mixing speed and temperature were investigated in batch system experiments. The results obtained in 
this study revealed that Bayburt stone, which is very cheap and easy to find, is an effective adsorbent material. 

In order to determine the optimum dye concentration, experiments were carried out with concentrations of 10 
mg/L, 25 mg/L, 50 mg/L, 100 mg/L and 200 mg/L. As the initial dye concentration increased, the removal 
efficiency decreased and the optimum value was determined as 25 mg/L. In addition, 1 g/L, 2 g/L, 5 g/L and 10 
g/L adsorbent amounts were used to determine the most suitable adsorbent amount, and it was determined that 
10 g/L adsorbent substance amount was the most appropriate. In order to determine the effective mixing speed 
in adsorption, studies were carried out at different mixing speeds. Stirring speeds of 100 rpm, 200 rpm and 300 
rpm were tried. The optimum mixing speed was determined as 200 rpm. In the study; 85% adsorption efficiency 
was obtained by taking the temperature 35°C, inlet dye concentration 10 mg/L, stirring speed 200 rpm and 
adsorbent concentration 10 g/L. As a result, the results of the study showed that Bayburt stone is an economical, 
effective and suitable adsorbent that can be used in the adsorption method. 
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 The design of the energy dissipating pools at the downstream of the spillway is an 
important issue in terms of controlling the downstream flow regime, jet velocities and 
the scour problem that may occur in this region. In this context, there are many designs 
for flip-bucket pools for both energy dissipation and minimizing scour problems. In this 
study, the energy dissipation performance of a flow separator structure placed in an 
energy dissipation pool was investigated numerically by increasing the shear stresses. 
As a remarkable result, it has been observed that flow separators are able to reduce flow 
velocities by up to 55%, while the downstream trajectory increases significantly.  

 
 

1.  Introduction  
 

Spillways are water structures that are widely used in hydraulic engineering. These structures are used to 
safely transfer the excess water accumulated in the dam reservoirs to the downstream part. After the body part of 
the dams, they are the most important structures for a dam. Ogee style weirs are also the most important water 
intake structures from the past to the present. In these weirs, which are known as classical crests, the water taken 
from the reservoir is passed over an inclined body and delivered to a flip bucket to break its energy. This structure, 
which resembles a bucket, absorbs the energy it gains during the fall of the flow, and it is important to prevent 
possible damage to the downstream of the structure. In cases where the spillway design is not done correctly, at 
the downstream some problems may occur due to scouring, cavitation and energy breakdown at the downstream 
of the spillway and regulator [1-2]. In this respect, their designs have many differences or shapes, obstacles and 
sizes that increase the energy breaking potential.  There are a number of experimental and numerical studies in 
the literature for investigating the energy of the high-speed flow that occurs just downstream of the spillway 
structures [3-7].  

Two important problems in spillway chute channels subject to high discharges and velocities are cavitation 
that may occur on the chute and scour in the downstream. In order to prevent these, measures such as reducing 
the flow velocities on the chute channels and throwing the water jet away from the downstream are taken. Flip-
bucket type chute channels create a jet of water, allowing downstream scours to occur away from the dam body.  
Thus, the stability of the dam body is not affected. In this case, there are two situations; the first is to reduce the 
maximum flow velocities in the chute, and the second is to increase the downstream jet trajectory. Although these 
two situations do not seem possible since they are directly proportional to each other, in this study, these two 
elements will be examined by using a flow separator. In this study, flow velocities, downstream jet trajectory and 
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the energy dissipation potential of a flow separator structure placed in the flip bucket of a 2D Ogee-style spillway 
structure was investigated numerically. Possible sediment scour in the downstream region was not taken into 
account in the study.  

 
2.  Material and method 
 

FLOW-3D, a powerful computational fluid dynamics (CFD) program, was used as a method in the study. Flow-
3D is a widely used reliable method that can simulate fluid motions [8].  The program determines fluid motion by 
solving equations such as conservation of mass and momentum. The mass conservation equation used in Flow-3D 
is presented below [9].  

 

 
 

 
Where;  
 
Vf: Volume ratio of the fluid,  

ρ: Density of the fluid,  

Rdif: Turbulent diffusion term,  

Rsor: Mass source,  

u, v, w are the velocity components in the coordinate directions (x, y, z).  

 
Momentum equation of fluid motion: 
 

 
Where;  
 
(Gx, Gy, Gz): Mass acceleration,  

(fx, fy, fz): Viscous accelerations,  

(bx, by, bz): It expresses flow losses in porous media. 
 

3.  Numerical modeling and analysis 
 

In the study, a two-dimensional ogee type spillway with a crest elevation of H = 5.28 m and a flip-bucket 
diameter of 2.0 m was used. Flip bucket design with 3 different types of geometry is used. Type 1 consists of a 
classic ogee weir without the use of a flow separator. In Type 2 and Type 3 models, a flow separator is placed at 
α=10 cm and α=20 cm above the flip bucket, respectively (Figure 1). The weir length (B) is taken as 7.7 m. The 
height of the flip bucket (c) is 80 cm. 

In the study, hexahedral 0.05 m cell size was used. Total mesh count is calculated as 130,000 (Figure 2a). 
Analyzes were continued until the flow became completely stable (120 seconds). Fluid elevation change over time 
is given in Figure 2b. Analyzes performed using the Renormalized Group (RNG) turbulence model were solved by 
giving fluid elevation. As the initial fluid elevation, the water level started from 5.38 m and the elevation was 
increased by 0.1 m till 6.38 m. Since analyzes were carried out in two dimensions, the channel boundary conditions 
were determined as Symmetry. The channel floor boundary condition has been assigned as Wall, and the inlet and 
outlet parts have been assigned as Specified Pressure. 1 m downstream water inlet is defined in order to provide 
downstream conditions and to observe hydraulic jump. 
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a) 
 

b) 
Figure 1. Geometry of the spillway; a) Type1 b) Type 3 

 

 
 

a) 
 

 
b) 

Figure 2. a) Mesh structures of the models (Type 2), b) Fluid elevation versus time 

3.  Results and discussion 
 

In the study, the performance of a flow separator structure placed to increase the energy breaking potential of 
the spillway flip bucket at different upstream water heads was investigated in a developed CFD software. From 
analysis results obtained, velocity and pressure contours of some water heads belong to Type 1, Type 2 and Type 
3 were presented in Figure 3 and 4, respectively.  

 
Type 1 

 
Ho= 0.56 m 

 
Ho= 0.70 m 

 
Ho= 0.82 m 

 
Ho= 1.10 m 
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Type 2 

 
Ho= 0.56 m 

 
Ho= 0.70 m 

 
Ho= 0.82 m 

 
Ho= 1.10 m 

Type 3 

 
Ho= 0.56 m 

 
Ho= 0.70 m 

 
Ho= 0.82 m 

 
Ho= 1.10 m 

 
Figure 3. Velocity profiles of the flow 
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Ho= 0.56 m 

 
Ho= 0.70 m 

 
Ho= 0.82 m 
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Type 2 

 
Ho= 0.56 m 

 
Ho= 0.70 m 

 
Ho= 0.82 m 

 
Ho= 1.10 m 

Type 3 

 
Ho= 0.56 m 

 
Ho= 0.70 m 

 
Ho= 0.82 m 

 
Ho= 1.10 m 

 
 

Figure 4. Pressure profiles of the flow 

From the figures obtained, it is noticed that similar downstream conditions are obtained in cases of Type 1 and 
Type 2. However, it is clearly seen that Type 3 is very different from the other two models, it has been observed 
that the flow is jetted from the flip bucket in all water heads. However, it has been observed that the flow velocity 
of the Type 3 model, especially at the starting point of the flow separator, is higher in high water heads than in 
other models. At this point where the velocity increased, it was noticed that the pressure decreased in the Type 3 
with Ho = 0.82 m. In this case, it was observed that the flow splash to the farthest point among the Type 3 states. 
At heads above Ho = 0.82 m, the pressure drop shifted towards the end of the bucket. Also, it is observed that at 
low water heads of Type 2, the pressure is high at the beginning of the flow separator, but the pressure is balanced 
as the water head continues to increase. 

In the study, how different models affect the flow on the weir was also investigated. For this reason, the average 
velocity values of the sections A-A and B-B shown in Figure 5a were obtained. In Figure 5b, the velocity distribution 
of the types for the B-B section is presented. According to the velocity values taken, it was observed that the 
velocities were very close to each other at each cross-sectional point of the flow in Type 1, which is the model 
without a flow separator. According to the velocity values taken, it was observed that the velocities were very close 
to each other at each cross-sectional point of the flow in Type 1, which is the model without a flow separator. The 
velocity values of Type 1 are the highest values among the investigated models. As can be seen from Table 1, this 
value is 9.55 m/s. It is seen that the velocities decrease in this section in the models using a flow separator. The 
lowest average velocity was found in Type 2 with a value of 6.17 m/s. 
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a) 

 
b) 

Figure 5. a) Velocity point sections, b) Velocities at the B-B section 

It is understood from the Froude numbers in Table 1 that the flow has super-critical flow conditions in the A-A 
section in all three models. It has also been observed as a result of the numerical study that the flow separator has 
the effect of slowing down the flow passing through this section. This effect was observed mostly in Type 2.  

 
Table 1. Characteristics of the flow 

Models hA-A (m) 
Vavr (m/s) 

Fr, A-A 
Vavr, A-A Vavr, B-B 

Type 1 0.275 9.24 9.55 5.813 
Type 2 0.408 8.71 6.17 3.084 
Type 3 0.358 9.02 6.87 3.668 

 
The results showed that the launch significantly increased the jet trajectory, even though the flow separator 

(Type 3) adjusted at a certain opening reduced the exit velocities (compared to the Type 1). This situation also 
causes a decrease in the Froude number in the A-A section of the spillway. This will reduce the energy of the flow 
and increase the length of the water jet formed at the downstream, thus contributing positively to possible 
cavitation on the surfaces and scours downstream. The reason for this is thought to be due to the changes in 
pressures under the jet separator, as well as the effect of the flow separator on the shear stresses on the flow 
(hence the friction resistance / drag coefficient) and the development of the boundary layer. In order to better 
examine the subject, it is recommended to support it with experimental studies and to analyze it in more detail.   
 

 
4.  Conclusion  
 

In the data obtained from the study, it has been observed that the flow rises by jumping from the flip-bucket 
structure in the Type 3 model using a flow separator at all investigated water heads. At low head loads, a hydraulic 
jump has occurred just after the jet throwing region of the models with the flow separator. This situation was not 
observed in the models without the separator. It has been observed that flow separators reduce flow velocities by 
up to 55%, especially at the point where the flow leaves the weir structure. The most essential reason for this is 
that flow separators increase frictional resistance.  

In the study, the effect of a flow separator placed in the energy breaking pools (flip bucket) of the spillway 
structures, which has an important place in the field of hydraulic engineering, on the flow velocities and energy 
dissipation status was investigated. In future studies, the performance of the flow separator can be evaluated by 
comparing the different dimensions, the cavitation risk it will create and how it will behave in case of a possible 
scour in the downstream region compared to the normal situation. 
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 Researches to increase efficiency in renewable energy systems are increasing the 
interest in high power density (HPD) energy storage units’ day by day. HPD units form a 
hybrid energy storage system (HESS) when used together with a high energy density 
(HED) energy storage system. Supercapacitors are the most frequently used storage 
units among HPD with their features such as low cost, low self-discharge rate and high 
lifecycle. When systems need high power, supercapacitors which is used to support HED 
units to ensure that the transmitted power’s stability, efficiency, and high quality. The 
use of supercapacitors in HESS with the exact timing has a significant impact on its 
performance. For this reason, supercapacitors must be modeled correctly and well-
integrated with the system. In this study, parameter estimation was made by using the 
data obtained from the simulation study and the supercapacitor was modeled. The 
supercapacitor model has been tested for charging and discharging at different currents 
and successful results have been obtained.  

 
 
 
 
 
 

1. Introduction  
 

According to the National Energy Agency, if energy consumption habits continue as they are today, it is 
estimated that fossil fuel consumption will be up to 1.7 times in 40 years. Under these conditions, it is predicted 
that the carbon emission rate will increase by 1.3 times and the global temperature will increase by 6 degrees [1]. 
Renewable energy sources (RES’s) are seen as the greatest alternative to fossil fuels' depletion and environmental 
impacts [2]. It is anticipated that RES’s will play a major role in the energy world of the future, as they offer 
sustainable and environmentally friendly energy [3]. However, in addition to these advantages, it has 
disadvantages such as not being continuous and insufficient in terms of power quality. Photovoltaic systems, which 
are one of the most preferred types among RES types, can’t produce energy at night times and cloudy days. In 
addition, being affected by atmospheric conditions negatively affects production. Similarly, wind energy systems 
operate directly depending on atmospheric conditions [3]. RES are used with energy storage systems to ensure 
continuity, power quality and load monitoring. In order to overcome this situation, RES’s are used in integration 
with energy storage systems [4].  
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Energy storage systems are divided into two categories: high energy density and high-power density. High 
energy density storage units can provide continuous but low power. Pump hydro energy storage (PHES), 
compressed air energy storage (CAES), fuel cell (FC) and majority of batteries are in this category.  High power 
density storage units, on the other hand, can provide short-term but high power. Superconducting magnetic energy 
storage (SMES), supercapacitor (SC), fywheel, and high power batteries can be count in this category [5-6]. The 
storage technologies in the literature, when used alone, cannot meet both power density and energy density due 
to the limitations of their chemical and physical structures [7]. By using the advantages of these two different types 
together, hybrid energy storage systems (HESS) are obtained [8].  

SC are the most commonly used storage systems that provide high power density [9]. SC are used as secondary 
or backup storage on HESS, due to their higher power density and faster dynamic response. Also SC has very long 
life cycle and lower self-discharge rate [10]. A comparison of different ESS types is given in Table 1. As can be seen 
in the Table 1, SCs have obvious advantages in terms of power density and life cycle. 

 
Table 1. Properties of different type of ESS [11-12]  

Storage Type 
Power 

Density 
(W/l) 

Energy 
Density 
(Wh/l) 

Cycle Life 
Efficiency 

(%) 
Discharge 

Time 

Self 
Discharge 

(%) 

Power 
Rate 
(kW) 

Lead Acid Battery 90-700 3-15 250-1500 75-90 s-h 0.1-0.3 0-20000 

Lithium Ion 
Battery 

1300-10000 5-100 600-1200 65-75 min-h 0.1-0.3 0-100 

Flywheel 5000 20-80 104-107 80-90 s-h 100 0-250 

Fuel Cell 0.2-20 600 103-104 34-44 s-h 0 0-50000 

SMES 2600 6 - 75-80 ms-s 10-15 0-300 

Supercapacitor 
40000-
120000 

10-20 500000 85-98 ms-min 20-40 
100-

10000 

 
A model is needed to know in advance how the SC will behave in different operating conditions [13]. Also, while 

using in hybrid energy storage systems, the use of SC at the right time is of great importance in terms of system 
performance and efficiency. To decide the right time while designing the energy management system, the exact 
mathematical model of the SC must be known by designer.  There are different SC modelling techniques in the 
literature.  

One of the modeling types to improve the accuracy in SC modeling is the fractional order modeling method 
[14]. Fractional order models include non-integer differential equations and have proven to have higher accuracy 
compared to equivalent circuit models with integer orders. However, the cost is high due to the high mathematical 
computational load [15]. 

In intelligence-based SC modeling, artificial intelligence, fuzzy logic or learning methods are approached 
against complex and non-linear structures [16-17]. With the use of large amounts of data in training, very high 
accuracy modeling can be performed. Since it contains a much heavier mathematical load than the fractional order 
modeling method, its cost is much higher. 

Equivalent circuit models consisting of capacitors and resistors are designed to imitate the behavior of 
supercapacitors exactly. Thanks to the capacitor it contains, it can be expressed with differential equations and 
has the feature of easy application in this way [18-19].  In against to intelligent based methods and fractional order 
methods, mathematical complexity is low. Simple equivalent circuit [20], classical equivalent circuit [21], debye 
polarization equivalent circuit [22], zubieta equivalent circuit [23], faranda equivalent circuit [24], ladder 
equivalent circuit [25], voltage dependent equivalent circuit [26] methods were used in the literature on the past 
decade. 

 In this study, debye polarization equivalent circuit model was used because of its simplicity and non-
complicated mathematical theory. The estimation of the model parameters was determined in the 
MATLAB/Simulink parameter estimation toolbox. Validation of method was proved by working under different 
current conditions. 
 

2. Material and Method 
 

In the literature, many equivalent circuit models have been proposed for supercapacitors. The proposed 
circuits include the simplest models as well as models containing many parameters such as leakage current, 
adsorption capacity, pulse load and slow discharge. The supercapacitor equivalent circuit models proposed in the 
literature are shown in Figure 1. 
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(a) (b) (c) 

 

 

 

(d) (e) (f) 

 

 

(g) (h) 

Figure 1. The supercapacitor equivalent circuit models. (a) Simple Equivalent Circuit, (b) Classical Equivalent 

Circuit, (c) Debye Polarization Equivalent Circuit, (d) Zubieta Equivalent Circuit, (e) Voltage Dependent Equivalent 

Circuit, (f) Faranda Equivalent Circuit, (g) Ladder Equivalent Circuit, (h) Voltage Independent Equivalent Circuit 

 

2.1. Equivalent Circuit Model 
 

In this study, supercapacitor model, given in Figure 1, is constructed using Debye polarization equivalent 
circuit. The Debye polarization equivalent circuit includes the leakage current and adsorption capacity 
parameters. 

 

RESR CN
RESR CN

RL

RESR CN

RL CDA

Cİ0

RL

Rİ

Cd
Rd

Cİ1xVCi0

Cl
Rl

RESR CN

RL

RCN

Ck
Rk

Cv=KVxVCN

Cİ0

RL

Rİ

Cd
Rd

Cİ1xVCi0

RESR CN

RL

Rk

Ck

RESR CN

RL

RCN

Ck
Rk



Advanced Engineering Science, 2022, 2, 67-73 
 

70 
 

RESR CN

RL CDA

+  VL  - +  VDA  -

+  VN  -
I

+                             VT                             -  
Figure 2. Debye polarization equivalent circuit model 

 
where RESR is the equivalent series resistor, RL is the leakage current resistance, CDA is the Debye adsorption 

capacitance, and CN is the nominal capacitance. The electrical behavior of the Debye polarization equivalent circuit 
model can be expressed as Equations 1-3: 
 
 

1 1DA
DA N

L DA L DA

dV
V V

dt R C R C
= − +  (1) 

  

1 1 1N
DA N

L N L N N

dV
V V I

dt R C R C C
= − + −  (2) 

  

T N ESRV V IR= −  (3) 
 

2.2. MATLAB/Simulink Model 
 

The supercapacitor was modeled in MATLAB/Simulink using mathematical expressions of the Debye 
polarization equivalent circuit as seen in the Figure 3. 
 

 
Figure 3. Validation of Debye polarization equivalent circuit model in MATLAB/Simulink 
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The Simulink model includes a real supercapacitor and a Debye polarization equivalent circuit model. The same 
input signal is applied to the model and the terminal voltages are observed for comparison. The model 
performance is verified by calculating the comparison errors of the terminal voltages. 
 

3. Results  
 

Nonlinear Least Square method based on Trust Region Reflective algorithm was used for estimation of 
equivalent parameters. The input current given in Figure 3(a) was applied to the circuit model for parameter 
estimation. Comparison of model and actual terminal voltages as a result of parameter estimation is given in Figure 
3(b). The estimation result was confirmed with a mean squared error of 1.7520e-04. 
 

 
Figure 4. Parameter estimation results, (a) input current of Supercapacitor, (b) output voltage comparison 

 

Different charge and discharge currents were used to validate the equivalent circuit model. The current values 
given as input to the model created in Figure 4(a) are given. Comparison of actual and model terminal voltage with 
respect to this given input matched as seen in Figure 4(b). 

The mean square error was calculated for the comparison of terminal voltages. The generated supercapacitor 
model accuracy was verified with a mean square error of 0.0028 in the comparison. 

 
4. Conclusion  
 

In this study, supercapacitor’s mathematical model was determined by debye polarization equivalent circuit. 
The estimation of the model parameters was determined in the MATLAB/Simulink parameter estimation toolbox 
with a maximum error rate of 0.17‰. The accuracy of the model has been proven with a maximum error of 0.28% 
under different operating currents. 
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Figure 5. Model validation results, (a) input current of Supercapacitor, (b) output voltage comparison 
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 In recent years, as a result of the increasing interest in construction in our country, the 
demand for construction areas has also increased. Regarding the buildings we plan to 
build, we should examine whether the ground being the surface on which the structure 
will sit or be adjacent, can respond to us positively in terms of strength. As a result, if the 
soil strength is poor, either the ground must be improved or the property of the structure 
to be built must be changed. Hence, the building and the ground can not be considered 
separately. They need to be considered as a whole. In our country, there are not many 
geotechnical studies which deal with the structure-soil relationship and explain the 
ground infrastructure of the region, especially in settlements with medium and small 
populations. Due to this reason, in this study, it is aimed to address the Ermenek district 
of Karaman from this respect and to eliminate this deficiency of the district. In 
accordance with this, ground structure of district, various ground survey reports and 
geophysical reports prepared in recent years were examined. Furthermore, structure 
class of building planned to be made on that parcel, as well as ground settlement area, 
number and height of floors, approximate building and foundation loads were calculated 
with respect to architectural aspects and static and dynamic loads that were formed were 
brought together and their suitability for the structure, amount of seating that may occur 
on the ground, and liquefaction situations were examined with respect to bearing 
capacity of ground. In this way, an infrastructure information bank was created with 
regards to geotechnical aspects of district. 

 
 
 
 
 
 

1. Introduction  
 

Natural disasters occur almost every year in our country and in different parts of the world. These disasters 
cause situations of loss of life and property. Earthquake, which is one of these disasters, is the most damaging 
ground movement. About 500,000 earthquakes occur annually in the world whereas 80% of these earthquakes 
are palpable, and nearly 100 of them are destructive. Unfortunately, earthquakes in urban areas cause physical 
and socio-economic losses. As an example of this, we are a country that experienced earthquakes in 1999 in Gölcük 
and Düzce, in 2003 in Bingöl, in 2011 in Van, and in 2020 in Elazığ and İzmir. As a result of these earthquakes, tens 
of thousands of our citizens lost their lives and were injured, and thousands of families were left homeless and 
unemployed.   

Although it is not possible to prevent the occurrence of earthquakes or to determine when they will occur by 
using today’s technology, it is possible to minimize the damage they will cause. Especially in the settlement areas 
established on problematic, low-strength floors, the high population increases the danger even more. 

Besides, incidents such as “Building-Soil Incompatibility”, that is, the construction of a structure on a ground 
with unsuitable strength for the structure, are often confronted with. This event does not only cause settlement or 
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swelling in the buildings built over time, but also damages and even collapses the structures situated on the 
adjacent parcels. 

Even though it is not possible to prevent the occurrence of earthquakes or to determine when they will occur 
with today's technology, it is possible to minimize the damage they will cause, and it is possible to prevent the 
dangers and damages that will occur by improving the soils with unsuitable strength and by choosing the 
appropriate construction/manufacturing method.  

Ermenek District of Karaman Province, which has been examined regarding this issue, is one of the safest 
regions in our country in terms of seismicity. No large earthquakes occurred in the mentioned region. Considering 
the earthquake events of the last 15 years in the region, it is seen that the largest earthquake had a Magnitude of 
3. Maybe due to these reasons, no geotechnical studies and investigations covering Ermenek and its surroundings 
that can be taken as a reference in general terms have been carried out. However, the recent major construction 
attack in the district, in addition to this, the Ermenek Dam with a crest height of 274 meters that is built on the 
Ermenek Stream, which passes through the south of the district and feeds the Göksu River, the presence of many 
regulators on the same brook and the construction of Tekeçatı Regulator on Tekeçatı Stream, which passes 
through the north of the district constitute the evidence that more interest must be shown on the region with 
regards to geotechnical aspects.   

In the study, geological and geophysical reports previously prepared in province of Ermenek were evaluated, 
and structures built or planned to be built as per zoning plan were evaluated and required numerical values were 
calculated and accordingly, bearing capacity of ground, amount of floor seating, liquefaction situation were 
examined parcel by parcel with certain geotechnical programs. By means of this study, ground status of province 
has been revealed.   

If we would give some other studies similar to this study being conducted as an example;  
Alkaya [1] has prepared an excel program to make the preparation of geotechnical reporting in an error-free 

and fast way. Formulae, tables and figures that were required in this program were revealed in an explanatory 
manner. In the package programs which are known in the market, either limited calculations are made or the 
necessary arrangements are not made for the calculation outputs, so a new software has been developed that 
brings together geotechnical calculations. 

Sert et al. [2] mentioned that one of the most important problems of the Sakarya region is the earthquake 
problem. They emphasized that the North Anatolian Fault Line passes through this region, and large magnetized 
earthquakes occur in the region for 10–30-year periods. Within scope of their studies, they conducted field and 
laboratory studies in Arifiye, Geyve and Güneşler locations in the region after the 1999 earthquake. Geotechnical 
evaluations of the data obtained as a result of these studies were carried out with the help of the Geographical 
Information System, and the causes of the damage after the earthquake were revealed. 

Şahin [3] stated that there are many active fault lines in and around Bursa, where construction is extremely 
fast. It was stated that the soils in this region were exposed to volumetric changes as a result of earthquake 
movements. For this reason, he mentioned that if the structure of the soil is suitable, unfortunately, liquefaction 
may occur in the soils of the region. In the studies he conducted he determined that during the 1999 Kocaeli 
earthquake, there was liquefaction in fine-grained soils, in addition to sand. He stated that sand, silt, and clay 
content dominate the region. This situation has added even more importance to his work. In this study, he focused 
on two parameters for the region and examined the liquefaction potential and bearing capacities of the soils in the 
general soil evaluation. 140 liquefaction analyzes and 36 carrying capacity calculations were made. As a result of 
this study, critical values were found in 11 soils. In addition to cohesionless soils, it was observed that the 
liquefaction potential increased in cohesive soils with low plasticity and low fine grain ratio. It has been 
determined that soil improvement should be applied in such critical soils. 

Kurtulus and Bozkurt [4] conducted geological and geotechnical investigations in the Cayirhan District of 
Ankara, due to the fact that some lands were opened for construction. In their field work, they had 12 drillings and 
conducted a SPT experiment at each distance of 1.5 m. UD and Core samples were taken at various depths from 
the drilling sites. In their studies, they determined the formation of the ground structure, and determined that it 
consists of vegetative soil in the range of 0.00-1.00 m, followed by silty clay and gravel. No faults were found in the 
study area. In the laboratory experiments, it was determined that the ground generally has plastic from low to 
medium value. Geotechnically, it has been determined that the soil has low and medium swelling properties. 

Sevimli [5] mentioned in his study that seismic analysis is a field study used in geotechnical earthquake 
engineering. In his study, he stated that seismic analysis played an important role in the design of many structures. 
Within the scope of his study, the analysis of seismic movements occurring around the province of Batman from 
1900 to the present has been made. The study area covers the region within the circular area with a radius of 100 
km from the city center. The study also deals with deterministic and probabilistic methods. Suggestions have been 
proposed against damages that may occur as a result of seismic movement that can form as the conclusion of his 
study. 

Bayrakcı and Baran [6] examined the geological and geotechnical structure of Osmaniye Province within the 
scope of their studies. In their study, they have divided the settlement area into regional systems having 
dimensions of 330 m x 330 m at areas where aluvion unit is observed on geological maps created by MTA and they 
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divided other observed areas into regional systems having dimensions of 400 m x 400 m. They drilled in the middle 
of each region. During this work, 15 boreholes were drilled. As a result of the analyzes they made by considering 
the data of the drilling wells in the regions, different earthquake accelerations and soil elastic spectra were 
processed on OKM maps. 

Ateş et al. [7] revealed the geotechnical properties of the lands by using geological, geophysical and 
geotechnical methods in order to reveal the soil properties of the lands to be opened for construction in Kaynaşlı 
District in their study. He has mentioned that Duzce segment being one of the important segments of Kaynasli 
district Northern Anatolian Faulty zone diving into two branches is within Northern segment zone and that in the 
district till 1999 earthquake, disordered urbanization took place. Lateral and vertical thickness changes of coarse- 
and fine-grained alluvial deposition units of approximately 4-12 m thickness of the study area were determined. 
They drew attention to the fact that the region is close to both the alluvial structure and fault lines. Standard 
Penetration Test (SPT) and seismic refraction studies were performed at the study sites. They determined the 
physical-mechanical properties of soil samples with laboratory experiments. Geotechnical map of the region was 
prepared in line with the obtained geotechnical data. 

Tutar [8] wanted to create a data bank for the northeastern region of Şanlıurfa. The geotechnical data of the 
field were digitized and collected in an environment. 30 ground survey reports have been digitized and the data 
obtained has been converted into a data bank with Delphi 7 programming language. As a result, he made necessary 
comments for the study area. 

Özaydın and Anlı [9] discussed the geological and geotechnical structure of the south of the Bosphorus and the 
Golden Horn. They have determined that young tectonic movements are effective in the region and that it has 
undergone significant morphological changes. They suggested that young sediments were formed in the region as 
a result of this change, and that these sediments were intertwined laterally and vertically. They mentioned that 
the movement caused two important topographical irregularities in the offshores of Karaköy and Sarayburnu, and 
that the sudden change in elevation caused by the fault offshore of Karaköy occurred, and that this fault gradually 
turned the Golden Horn into a hanging valley with the faults passing near Sarayburnu. They suggested that this 
caused the young sediments in the Golden Horn to be located deeper in the south of the Bosphorus. In this way, 
they produced a geotechnical map of the region. 

Akdeniz et al. [10] stated that it is a study conducted for the purpose of ground survey and geotechnical survey, 
determination of the engineering properties of the ground, determination of the groundwater level, and evaluation 
of the structure to be built on the ground, both with the building ground and the surrounding structures. They 
mentioned that these surveys were determinant in deciding whether there is need for improvement or not at the 
ground where structure was based. They said that the survey work will be done in two branches as field and 
laboratory work. As a matter of fact, in line with these studies, 885 soil survey reports made in Eskişehir from 10 
August 2005 until now were handled according to the "Soil and Foundation Study General Format" published by 
the Ministry of Public Works and Settlement on 10 August 2005. They revealed a general soil structure of the 
region. 

Akyol et al. [11] revealed the effect of geotechnical and some seismic parameters of soils on construction in an 
area where business and residential buildings are concentrated in Denizli city center. During the study, they have 
used seismic breakage data of SPT value obtained from geological reports relating with the region. They revealed 
that the dynamic and geotechnical parameter values are low in the central parts and north of Denizli region, while 
they are higher in other regions. They have seen that the most common ground period distribution coincides with 
the 4-7 storey building period when they are based on the period depending on the number of floors in standard 
reinforced concrete structures. With this result, they revealed that most of the structures in the study area will 
resonate with the ground in a possible earthquake. As a result, they state that the period values of the ground and 
the structure should be made suitable for earthquake resistant structure design. 

Similar studies have been carried out for different places such as. 
As a result of this study, it is aimed to examine whether the structures suitable for the ground are built in this 

district, where almost no geotechnical studies have been carried out, whether any Soil Improvement is needed for 
the ground of the structures to be built, and to shed light on the future studies.  
 

2. Material and Method 
 

If we would mention about the district being examined, Ermenek District is located in Karaman province and 
it is 67 kilometers southeast of Karaman. There is Mut district in the east of the district, Anamur in the south and 
Balkusan Village in the west, 15.75 km north of the Antalya provincial border. While the land structure of the 
district varies from north to south, that is, from Tekeçatı Region to Ermenek Dam, between an altitude of 1400 and 
700, there is no great difference in elevation from east to west. Geologically, the region is a structure that generally 
contains limestone, clay, marl, fossiliferous sandstone and even coal. At a distance of 40 km from the district, there 
are many small faults that are distributed within a zone of 17 km length and 3 km width. This region is named as 
Mut Fault Zone. The researchers state that the fault is strike-slip with vertical component and possibly alive due 
to the river valleys and parallel ridges following the faults.   
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The study was started by obtaining the Geological and Geophysical Report, which was prepared as a result of 
the Field and Laboratory Test results obtained from the Ermenek Municipality, from more than 40 parcels and 
more than 100 boreholes built by both state institutions and private companies, and by examining these reports 
in detail.  

Experiments and results of the Geological Surveys on the land, the results of the laboratory experiments made 
on the samples taken, as well as the results obtained as a result of the Geophysical Surveys and seismic refraction 
tests carried out on the same plot, were presented in plots. Then, all data were transferred to a Geotechnical 
Analysis program known as Geotransportation, again separately. In the meantime, the building classes, number of 
floors, residence areas, estimated foundation models, foundation depths, Groundwater Levels and total building 
load of the structures built or planned to be built on the parcels were calculated and processed in the same analysis 
program. As seen below, 5 parcels selected from different regions and neighborhoods are presented in Tables 1-
3. 
 

Table 1. The working numbers of the examined parcels and underground water level 
Work Number Quarter Plot Parcel Underground Water Level 

1 Seyran 112 33 None 
2 Taşbaşı 761 5 None 
3 Meydan 460 36 None 
4 Güllük 701 1 None 
5 Değirmenlik 174 36 -3,00m 

 
 

Table 2. Earthquake data of the examined parcels 
Work 
Number  

Vp  
Speed 

Vs  
Speed 

Vs30 
Speed 

To Ss-Fs 
SDS 

S1-F1 
SD1 

PGA 
PGV 

TA-TB 
TL 

TAD-TBD 
TLD 

 
1 

 
483 
2495 

 
274 
809 

 
564 

 
0,24 

 
0,280-1,30 
0,364 

 
0,076-1,50 
0,114 

 
0,127 
6,142 

 
0,063-0,313 
6,000 

 
0,021-0,104 
3,000 

2 316 
1172 

192 
723 

434 0,30 0,283-1,30 
0,368 

0,076-1,50 
0,114 

0,128 
6,179 

0,062-0,310 
6,000 

0,021-0,103 
3,000 

3 719 
1190 

440 
568 

558 0,38 0,286-1,30 
0,372 

0,077-1,50 
0,116 

0,130 
6,223 

0,062-0,311 
6,000 

0,021-0,104 
3,000 

4 556 
1228 

223 
558 

401 0,38 0,282-1,30 
0,367 

0,076-1,50 
0,114 

0,128 
6,173 

0,062-0,311 
6,000 

0,021-0,104 
3,000 

5 616 
884 

223 
354 

334 0,59 0,282-1,57 
0,444 

0,076-2,40 
0,182 

0,128 
6,167 

0,0082-0,411 
6,000 

0,027-0,137 
3,000 

 
Table 3. Data on the buildings to be built on the examined parcels 

Work 
Number 

 
BF 

 
BS 
(I) 

 
EN 

 
BHC 

Bulding 
Foundation 
Depth (m) 

Bulding 
Foundation 

Type 

Bulding 
Foundation 
Area (m2) 

Bulding 
Total 

Weight 
(kN) 

 
1 

 
1 

 
1,5 

 
3a 

 
6 

 
-2,00 

 
Raft 

 
1097 

 
104586 

2 1 1,5 3a 6 -5,30 Raft 2950 103826 
3 3 1 3a 5 -2,00 Continuous 175 34030 
4 3 1 3a 6 -3,50 Continuous 1580 32282 
5 3 1 3a 5 -2,00 Raft 280 29049 

 
 

3. Geotechnical Analysis Results 
 

After all the data were entered into the Geotransport Soil Analysis Program separately, the Controls for the 
Transport Forces, Settlement Amounts and Soil Liquefaction of all processed parcels were made as a result. Here 
again, the results of the 5 plots I mentioned above are presented in Tables 4-6. 
 

Table 4. Analysis results of geotechnical bearing capacity of inspected parcels 
Work Number Bearing capacity analysis as per TBDY Results 

1 238,578>166 Sufficient 

2 1252,286>200 Sufficient 

3 2005,714>184 Sufficient 

4 788,67>302 Sufficient 

5 2331,429>151 Sufficient 
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Table 5. Analysis results Geotechnically Elastic fit amount and Consolidated fit amount of inspected parcels 
Work Number Elastic fit amount Results Consolidated fit amount and Results Results 

1 E.F.A.   s=0,010m Suitable C.F.A. s=0,088m Suitable 
2 E.F.A.   s=0,063m Suitable C.F.A. s=0,027m Suitable 
3 E.F.A.   s=0,000m Suitable C.F.A. s=0,007m Suitable 
4 E.F.A.   s=0,000m Suitable C.F.A. s=0,001m Suitable 
5 E.F.A.   s=0,003m Suitable C.F.A. s=0,004m Suitable 

 
Table 6. Liquefaction Analysis results of inspected parcels 

 Liquefaction Analysis 
Work number Layer 1 Layer 2 

1 Layer 1: 4,49>1,1 Suitable Layer 2: 3,177>1,1 Suitable 
2 Layer 1: 0,335<1,1 Suitable 

(Layer is above UWL) 
Layer 2: 2,799>1,1 Suitable 

3 Layer 1: 0,331<1,1 Suitable 
(Layer is above UWL) 

Layer 2: 2,769>1,1 Suitable 

4 Layer 1: 4,459>1,1 Suitable Layer 2: 4,49>1,1 Suitable 
5 Layer 1: 0,278<1,1 Suitable 

(Layer is above UWL) 
Layer 2: 1,441>1,1 Suitable 

 
 
 

4. Conclusion and Suggestions 
 

The soil class determined in the district is mainly ZC class and has a structure mainly composed of limestones. 
In the analysis made in the examined parcels, it was seen that it has sufficient and suitable properties in terms of 
Bearing Power, Elastic and Consolidated Settlement Amounts and Liquefaction potential. It has been concluded 
that there is no need for any ground improvement for these structures planned to be built on the said parcels. In 
addition, the results of these geotechnical analyzes in higher building loads and multi-storey structures, can be 
examined and even examination can be made about how far the endpoints can be.  
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 Infill walls are widely used in reinforced-concrete structures and their contribution to 
the reinforced-concrete frame can be neglected. The amount of infill wall effect was 
investigated for a reinforced-concrete frame which has three different openings in this 
study. For this purpose, five different structural models have been created such as 
completely filled, gap in the corner, double gap and completely bare on the ground floor. 
Structural analyses were performed in Seismostruct software by using pushover and 
eigen value analyses for each structural model, respectively.  Only the absence of infill 
wall was selected as a variable. The limit state of three different damages for 
performance level, period, base shear force, elastic and effective section stiffness’s were 
obtained separately for each structural model. The study revealed once again that the 
amount of infill wall contributes significantly to the seismic capacity of the building. 
Considering the contributions of infill walls will make the structural results much more 
realistic.  

 
 
 
 

1. Introduction  
 

Infill walls are widely used in buildings to fill frame gaps or to separate residences [1,2]. In the current design 
of such structures, in most cases only the weight of the infill walls is taken into account and other strength 
parameters are ignored. The structural behavior of such frames is highly dependent on the dynamic properties of 
the respective laterally and vertically loaded infill walls, such as stiffness, bearing capacity, period and damping 
level [3-6]. In-plane and out-of-plane damages are common in reinforced concrete structures after earthquakes 
[7-13]. For these reasons, the infill wall effect is a subject worth examining.  

It has been determined by experimental studies that the values obtained as a result of the calculations will not 
reflect the truth in cases where the infill walls are not placed appropriately and consciously and are not taken into 
account [14]. In the literature, the effect of the infill wall was investigated on different parameters by both 
experimental and numerical modeling. The capacity curves of infill walls, story horizontal displacements, relative 
dispalcements, maximum plastic rotations in stories and the distribution of plasticized sections in the system in 
regular reinforced-concrete structures were compared by Korkmaz and Uçar [15]. In the study conducted by 
Akyürek et al. [16], the effects of the infill wall change on the capacity curve of the building, the first natural period, 
the target target displacements, the damage distribution of the first story columns, and the building performance 
level in residential type reinforced-concrete buildings with different openings and number of stories were 
investigated. In the study conducted by Tekin et al. [17], the strengths of the filled and unfilled four-storey three-
span planar reinforced-concrete frames were compared with the capacity curves. In the study conducted by Sivri 
[18], a reinforced concrete structure with different infill wall placements was taken into consideration and the 
results were compared in order to examine the effect of infill walls and wall layout on the building behavior. In a 
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study by Paripour et al. [19] investigated the effect of infill walls on the risk of progressive collapse in reinforced-
concrete (RC) frames. Layadi et al. [20] investigated the infill wall effect experimentally in their study. In this and 
similar studies, the positive contributions of the infill walls used in reinforced concrete structures to the 
earthquake behavior of the building have been revealed. 

Within the scope of this study, the infill wall effect for a reinforced-concrete frame consisting of three different 
openings was tried to be revealed by static pushover and eigenvalue analysis on five different structural models.  
For each structural model, period, seismic capacity, elastic stiffness value and target displacement values for 
structural performance were obtained separately. Suggestions were made by comparing the results obtained with 
the study. 
 

2. Material and Method 
 

Within the scope of the study, eigenvalue and static pushover analyzes were performed for the reinforced 
concrete frame consisting of three different spans. Model analysis is a dynamic analysis method that enables the 
determination of free vibration periods, frequency values, mass participation rates and mode shapes of the 
structure [21]. Another method used in generating performance estimates is pushover analysis. This method is a 
practical way of demonstrating the behavior of a building in the inelastic region. This type of analysis gives the 
base shear force and the peak displacement capacity curve of the building. To obtain this curve, the lateral forces 
are monolithically increased until the displacement of the top of the building reaches a predetermined value [22-
26]. To obtain the pushover curve, it is necessary to geometrically combine the intersection points on an 
interaction diagram of the roof displacement values corresponding to the base shear forces under the applied load, 
raising the structure from zero to unstable. The limit states given in the worldwide used damage estimation 
Eurocode-8 (Seciton 3) are taken into account in the structural analysis [27,28]. Three different cases are specified 
for damage cases in the software. These states are considered near collapse (NC), significant damage (SD), and 
damage limitation (DL). These cases are calculated for all structural models. 

 
Table 1. Limit states in Eurocode 8 (Part 3) [27,28]. 

 

Limit State Description 
Return Period 

(year) 

Probability of 
exceedance  

(in 50 years) 
Limit state of damage limitation 

(DL) 
Only lightly damaged, damage to non-structural 

components economically repairable 
225 0.20 

Limit state of significant 
damage (SD) 

Significantly damaged, some residual strength 
and stiffness, non-structural components 

damaged, uneconomic to repair 
475 0.10 

Limit state of near collapse (NC) 
Heavily damaged, very low residual strength & 

stiffness, large permanent drift but still standing 
2475 0.02 

 
The behavior of building materials under loads can be determined by using some mathematical models that 

have an important place in building design and evaluation [29]. For the concrete and steel material, the nonlinear 
concrete model [30] and steel model [31] were used. The stress-strain relationship of these material models is 
shown in Figure 1. 
 

 
Figure 1. Material models for concrete and steel considered in this study [32] 
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The story heights were chosen as 2.7 m, being equal to each other. The reference structure model is shown in 
Figure 2. 
 

 
Figure 2. Structural models of the reference building model considered in the study. 

 
The load cases applied in all structural models considered within the scope of this study are shown in Figure 3. 

 

 
Figure 3. Applied loads 

 
Within the scope of this study, the columns and beams used in the reinforced-concrete frame were created by 

using the same size and material in all structural models. C25-S420 was taken into consideration for all RC 
buildings model. In order to reveal the infill wall effect more clearly, no changes were made to these load-bearing 
elements. The cross-sections of the beams and columns used are given in Figure 4. While the columns were chosen 
as 40*40 cm, the beams were taken into account as 25*50 cm. 

 

 
Figure 4. Cross-sections of columns and beams used in the RC frame 

 
Other structural models considered in the study are shown in Figure 5. The reference building was rated as 

Model 1. The target displacement was chosen as 0.10 m in order to make comparisons in all structural models. 
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Figure 5. Structural models obtained for the infill wall effect 

 
Within the scope of the study, only the changes of the infill walls on the ground floor were examined. Structural 

models were created in this context are shown in Table 2. 
 

Table 2. Structural models 

Model No Description 

Model 1 Completely filled 

Model 2 One gap in the corner 

Model 3 Double gap in the left corner 

Model 4 Double gap in the right corner 

Model 5 Completely bare (No infill) 

 
While making earthquake resistant design and performance evaluation, the natural vibration period of the 

buildings is an important parameter. The equivalent seismic lateral force is determined using the static design 
method from a design spectrum that is a function of the fundamental vibration period of a building [33,34]. By 
using eigenvalue analysis, fundamental natural periods can be obtained. The results were shown in Table 3. 

 
Table 3. The natural periods for structural models 

Model Model 1  Model 2 Model 3 Model 4 Model 5 

1 0.199634 0.208785 0.225426 0.228301 0.308856 

2 0.069151 0.071214 0.074129 0.074455 0.08129 

3 0.06244 0.062441 0.062452 0.062463 0.062476 

4 0.05144 0.051469 0.051482 0.051442 0.051485 

5 0.047596 0.047619 0.047668 0.047647 0.047815 

6 0.044667 0.045209 0.045829 0.045872 0.046776 

7 0.036328 0.036436 0.036547 0.036534 0.036694 

8 0.033518 0.033533 0.033536 0.033521 0.033539 

9 0.022823 0.022823 0.022827 0.02283 0.022834 

10 0.022244 0.022293 0.022336 0.022369 0.022555 

 
The stiffness values of reinforced concrete elements differ from the stiffness values estimated under the effect 

of earthquakes. Therefore, effective cross-sectional stiffness values are used when designing and analyzing such 
structural elements. In order to determine the performance of reinforced concrete structural systems under 
earthquake loads, the stiffness of the cracked sections is taken into account. The effective stiffness value of the 
cracked sections is obtained using the stiffness reduction coefficients predicted from the elastic stiffness value [35-
37]. The elastic stiffness (K_elas) and effective stiffness (K_eff) values for the structural models are directly 
obtained using the stiffness reduction coefficients estimated in the algorithm. All results were shown in Figure 3. 
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Table 4. Comparison of values obtained values 

Model Base Shear (kN) Kelas (kN/m) Keff (kN/m) DL (m) SD (m) NC (m) 

Model 1 913.61 193954.2 130170.6 0.003017 0.00387 0.009665 

Model 2 881.71 173653.5 117333.4 0.003435 0.004406 0.010996 

Model 3 554.87 145838.0 88925.6 0.004605 0.007061 0.015233 

Model 4 524.43 143538.4 87404.39 0.007618 0.01079 0.021345 

Model 5 396.36 62842.24 44267.62 0.014845 0.019238 0.033857 

 
3. Results and Discussion 
 

In most cases, only the weight of the infill walls is taken into account and other strength parameters are ignored. 
In the scope of this study, the effect of infill wall for reinforced concrete structures was investigated. Eigenvalue 
and static pushover analyze were performed for five different structural models. The lowest period was obtained 
in Model 1, where the reinforced-concrete frame was completely infilled, while the highest period was obtained 
for the ground story without a completely infilled wall. As the amount of infill wall decreased, the period value 
became higher. The results obtained for Model 2 and Model 4 show that the period value increases as the infill wall 
opening increases. The seismic capacities obtained for the reinforced-concrete frame were obtained in full 
compliance with these values. In the case of a full infill wall, the seismic capacity increased by 2.3 times compared 
to the case of no infill wall. The seismic capacity decreased as the opening increased in the sections without infill 
walls. The lowest seismic capacity was obtained for the fully hollow frame model. Completely similar results were 
obtained for elastic and effective stiffness values. The presence and length of infill walls directly affect these values. 
With the study, target displacement values were also obtained for the expected performance levels from the 
building. While the smallest values were obtained for Model 1 with a fully infill wall, the largest values were 
obtained for Model 5, which is a fully hollow model.  

All the result values obtained were fully compatible with each other. The results showed once again that infill 
walls make very important contributions to the seismic behavior of reinforced concrete frames. Therefore, it is 
clear that considering the effect of infill walls in the calculations will allow the structural analyzes to be more 
realistic. In future studies, the type of infill wall material, the use of infill walls with different openings and heights, 
or the examination of the effects of door and window gaps will also be beneficial. 
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 In this study, the soil conditions of Alikahya region (Izmit) were investigated by the 
results of geological, geophysical and geotechnical survey results. Alikahya region is 
almost entirely located on sub-mid-upper Eocene aged rocks and Quaternary aged 
sediments. The alluvium thickness is nearly 300 m. According to seismic studies, P-wave 
velocities are between 277-2562 m / sec, and S-wave velocities are between 110-1427 
m / sec in the study area. The determined local soil classes are Z-3 on the clay stones and 
Z-4 on the Quaternary aged alluvium, respectively. The ground water level varies 
between 1-2 m depths in the alluvium. Alikahya region located on first degree 
earthquake risk zone and liquefaction analysis results indicated that the existence of 
local liquefiable areas in the study area. 

 
 
 

1. Introduction  
 

Since Turkey is located on an active tectonic belt, it has a suitable topography for natural disasters such as 
earthquakes and landslides. This reveals the necessity of determining safe and risky areas in terms of soil 
properties in the planning of residential areas. Especially the losses and damages experienced in the Izmit and 
Düzce earthquakes in 1999 have contributed to the development of earthquake awareness and sensitivity about 
the precautions to be taken against possible earthquakes in our country. 

Local soil conditions also play an important role in the assessment of earthquake risk for residential areas, as 
well as features such as the probability of an earthquake, its magnitude and distance from the study area. While 
seismic waves pass through the soil layers, their properties can change according to the local soil conditions and 
can decrease or increase the earthquake forces acting on the structures located on the ground surface [1]. 
Likewise, during the propagation of earthquake waves, the properties of the soil layers can also change. Generally, 
young and thick sedimentary areas deposited on old rock units and creating a significant density difference with 
the rock units amplify the amplitudes of seismic waves. The amplification effect of such different ground behaviors 
on seismic waves has been clearly demonstrated by studies on the significant earthquakes in 1985 Mexico City 
(Mexico), 1989 Loma Prieta (USA) and 1999 Kocaeli (Turkey) earthquakes [2–4]. Based on this, detailed 
investigation of local soil conditions in areas with high earthquake risk is of great importance in terms of 
developing earthquake resistant structure design and minimizing the damages that may occur.  

During earthquakes, pore water pressure increases that occur under cyclic loading in saturated soil layers can 
cause liquefaction in the soil, which can be described as the transformation from solid phase to liquid phase. The 
liquefaction of soils depends on seismic factors such as the size and duration of the earthquake, as well as 
properties such as grain size and distribution, geological age and precipitation conditions, initial density and water 
permeability [5]. The looseness of the ground together with the closeness of the groundwater level in the ground 
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to the surface is one of the conditions that are effective for the liquefaction of the ground. Although the liquefaction 
phenomenon developed in many earthquakes, it started to be taken into consideration with the 1992 Erzincan 
earthquake in Turkey, and the importance of this phenomenon gained importance by attracting the attention of 
all segments with the liquefaction events that occurred in the 1999 Marmara earthquake. 

Geotechnical studies to be completed prior to any civil engineering design process; it requires an appropriate 
soil survey program that covers drilling, sampling, laboratory and field tests. Laboratory and field tests are the 
most important tools that allow the determination of soil properties in geotechnical science. In this study, the soil 
properties of the Alikahya region of Izmit province were examined with the research results of geological, 
geophysical and geotechnical methods and the suitability of the region for settlement was investigated. In this 
direction, field studies such as drilling, seismic refraction, and laboratory results on soil samples were examined 
in detail. Considering the earthquake hazard of the region, the liquefaction risk of the soils was also investigated.  
 

2. Geological and Tectonical Features 
 

Alikahya Region is located in the eastern part of Izmit province. According to the geological data, the Izmit Basin 
extending from Izmit Bay to Sapanca consists of Quaternary and Pliocene aged sediments, and a transition towards 
older and solid soils is observed towards the north and south of the Izmit Basin. In the parts close to Izmit Bay, 
transitions to Lower-Middle Eocene aged sandstone, conglomerate, shale and mudstone are observed. In the 
Alikahya Region, Quaternary aged alluvium is generally formed by consecutive clay-sand-silt. The unit observed 
in the northern parts of the study area has a medium-hard rock quality in terms of engineering. The unit is may 
described as cracked and fractured. The waters seeping into these cracks and fractures decomposed the rock. 
Alteration is observed in the surface sections of the unit where it comes into contact with water. 

The study area is located on the North Anatolian Fault (NAF). NAF is approximately 1500 km long and is one 
of the most active faults in Turkey and the world. The NAF splits into two branches from the Mudurnu Stream 
valley in the west of Izmit Bay. The northern branch forms the Izmit-Sapanca segment, and the southern branch 
forms the Geyve-Iznik branch (Figure 1). Different structural models have been proposed for this branch of the 
NAF. The first of these is the right-sided strike-slip system model with a vertical slip component of the NAF in the 
Gulf of Izmit and the Sea of Marmara [6]. In another model, in which seismological data are also used, it is suggested 
that the trough areas in the Gulf of Izmit and the Sea of Marmara are grabens developed due to gravitational forces 
[7]. In the third model, it is assumed that the northern branch of the NAF zone is represented by many fault 
segments and that there are pull-apart basin structures between these stepped segments [8, 9]. 
 

 
Figure 1. General tectonics map of Eastern Marmara Region [10]  

 

3. Geophysical Research 
 

Field study results of 18 seismic refraction measurements were used to determine the geophysical properties 
of the soils in the study area. Based on these measurements, layer thicknesses, underground velocity structure, 
dynamic-elastic engineering parameters of the soils were determined. Table 1 contains the information about the 
seismic refraction measurement results taken in all profiles. In the seismic refraction measurements performed 
along 18 profiles, the longitudinal wave velocities of the soils Vp were measured between 277 – 2562 m/sec and 
shear wave velocities Vs between 110 – 1427 m/sec. 
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Table 1. Dynamic parameters determined by the seismic surveys 
 

Profile No/ 
Layer No 

 
Vp 

(m/s) 
 

 
Vs 

(m/s) 
 

Pre. 
Period  
(sec) 

 
Thickness 

(m) 

 
Bulk 

M. 
(kg/cm2) 

 

 
Density 

(gr/cm3) 

 
Elasticity 

M. 
(kg/cm2) 

 
Poisson 

Rate 

 
Shear 

M. 
(kg/cm2) 

P-1/L1 384 129 0.70 2.09 1719 1.37 656 0.43 228 

P-1/L2 963 401 " 7.79 12312 1.73 7748 0.73 2776 

P-1/L3 1593 782 "  33730 1.96 32127 1.96 11976 

P-2/L1 376 150 0.48 2.12 1520 1.37 863 0.40 307 

P-2/L2 1323 627 " 9.10 22924 1.87 19920 0.35 7349 

P-2/L3 1894 961 "  48179 2.05 50111 0.32 18886 

P-3/L1 351 130 0.68 1.92 1350 1.34 644 0.42 226 

P-3/L2 873 410 " 8.71 9065 1.69 7696 0.35 2832 

P-3/L3 1688 910 "  34677 1.99 42622 0.29 16454 

P-4/L1 339 120 0.66 1.81 1273 1.33 547 0.42 191 

P-4/L2 956 452 " 7.10 11058 1.72 9551 0.35 3521 

P-4/L3 1859 977 "  44439 2.04 50875 0.30 19429 

P-5/L1 277 110 0.40 1.99 766 1.26 430 0.40 153 

P-5/L2 1274 627 " 4.29 20352 1.85 19515 0.34 7280 

P-5/L3 2010 1123 "  48956 2.08 66651 0.27 26177 

P-6/L1 385 155 0.43 2.59 1595 1.37 925 0.40 329 

P-6/L2 1514 747 " 9.82 29937 1.93 28898 0.33 10790 

P-6/L3 2562 1427 "  84883  2.21 114533 0.27   44911 

P-7/L1 474 205 0.40 3.42 2478 1.45 1610 0.40 578 

P-7/L2 1980 1054 "  50439 2.07 59833 0.30 22972 

P-8/L1 424 155 0.44 2.51 2078 1.41 961 0.42 337 

P-8/L2 1836 898 "  46584 2.03 43945 0.34 16363 

P-9/L1 353 140 0.48 1.65 1323 1.34 740 0.40 263 

P-9/L2 1295 622 " 6.00 21593 1.86 19426 0.35 7194 

P-9/L3 2487 1310 "  85312 2.19 98279 0.30 37568 

P-10/L1 460 200 0.51 1.59 2272 1.44 1588 0.38 574 

P-10/L2 923 461 " 5.30 9715 1.71 9687 0.33 3631 

P-10/L3 2121 1210 "  53572 2.10 77542 0.25 30801 

P-11/L1 414 170 0.47 1.52 1857 1.40 1130 0.39 404 

P-11/L2 1372 687 " 5.42 23641 1.89 23734 0.33 8904 

P-11/L3 2510 1386 "  82036 2.19 107962 0.28 42150 

P-12/L1 369 130 0.51 2.85 1543 1.36 656 0.42 229 

P-12/L2 1581 720 "  35349 1.95 27748 0.36 10133 

P-13/L1 380 140 0.48 2.55 1618 1.37 762 0.42 268 

P-13/L2 1513 750 "  29758 1.93 29083 0.33 10875 

P-14/L1 415 180 0.46 1.75 1805 1.40 1254 0.38 453 

P-14/L2 1333 642 " 9.80 22989 1.87 20829 0.34 7720 

P-14/L3 2247 1210 "  66097 2.13 80984 0.29 31248 

P-15/L1 458 185 0.49 1.69 2353 1.43 2353 0.40 490 

P-15/L2 1432 714 "  26142 1.91 26141 0.33 9721 

P-16/L1 432 170 0.40 1.98 2092 1.41 1150 0.40 408 

P-16/L2 2249 1215 "  65959 2.13 81555 0.29 31514 

P-17/L1 303 116 0.71 1.49 955 1.29 492 0.41 174 

P-17/L2 756 354 " 4.63 6574 1.63 5539 0.36 2037 

P-17/L3 1621 854 "  32558 1.97 37525 0.30 14345 

P-18/L1 284 110 0.50 2.03 821 1.27 434 0.41 153 

P-18/L2 1378 636 " 4.73 25678 1.89 20851 0.36 7639 

P-18/L3 2000 1141 "  46938 2.07 67945 0.25 26989 
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4. Geotechnical Research 
 

14 drilling studies and laboratory test results of the samples obtained from the drillings were used in 
determining the geotechnical properties of the soils in the study area, Groundwater level in the study area varies 
between 1 and 3 m according to the drilling data, Average of the number of SPT blows determined during drilling 
is 16 for the study area. The soil classes are determined as predominantly ML and CH in the region [11]. Statistics 
of the index properties of soils in the study area are given in the Table 2. According to the classification for local 
soil classes; in the sections with rock units, the soil class is Z-3 soil group B, and in the alluvial region with low 
slope, the soil class Z-4 soil group is D [12]. Average cohesion values (c) vary between 0.22 – 0.56 kg/cm², and 
internal friction angle (Ø) vary between 5.20° and 33.4°, according to the results of the triaxial pressure test 
performed especially for loose soil zones in the study area.  

 
Table 2. Statistics of the index properties 

 Minimum Maximum Average 
Gravel Content % 9.27 36.21 18.25 
Sand Content % 11.36 39.52 25.18 
Fine Content % 21.52 79.64 56.57 

LL NP 67 21.42 
PL NP 36 9.36 
PI NP 45 12.74 

Wn % 16.84 22.30 19.76 

 
5. Liquefaction Risk 
 

The serious decrease in shear strength in parallel with the increase in the pore water pressure of the soil can 
be accepted as the most general definition of soil liquefaction. Liquefaction occurs in saturated cohesionless soils, 
when the effective stress is zero, with the increase in pore water pressure during shaking. Thus, the layer behaves 
like a liquid; cannot support the structure, the structure tilts, sinks, overturns or turns. It is known that liquefaction 
does not occur in all soil layers in the field. For this reason, in liquefaction hazard analyzes, it is necessary to 
examine whether the necessary conditions for liquefaction to occur are primarily required. It can be stated that 
the most important ones among these conditions are the earthquake magnitude and the distance from the center 
of the earthquake, the composition of the soil layer and its geological history, and the stress and compactness of 
the soil. 

The liquefaction susceptibility of soils is evaluated by the calculated liquefaction safety number using simplified 
procedures. In this approach, the cyclic shear stresses caused by the earthquake and the cyclic resistance of the 
soil to liquefaction are compared. The most common field test used to evaluate the resistance of soils to 
liquefaction is the standard penetration test (SPT). SPT, which is a dynamic penetration test, is one of the most 
frequently used tests in soil investigations in our country. SPT results are used in liquefaction analysis as well as 
successfully predicting the firmness and shear resistance properties of especially granular soils. SPT-based 
liquefaction analysis was first proposed by Seed and Idriss, [13] and has been improved over time. Today, 
especially with the procedure proposed by Youd [14], it has become a widely used method to determine the 
liquefaction sensitivity of sands in Turkey as well as in many countries of the world. 

In determining the liquefaction potential of the soils in the study area, liquefaction analyzes based on SPT 
results were carried out in accordance with the purpose of the study with the obtained drilling information. In this 
context, the simplified procedure proposed by Seed and Idriss [13] was used (Equation 1);  
 

𝐹𝑆 =
𝐶𝑅𝑅

𝐶𝑆𝑅
 (1) 

 
 FS is the safety coefficient, CRR is the cyclic rate of resistance and defined on the clean sand curve by Youd et 

al. [14], CSR is the ratio of cyclic stress generated during earthquakes and calculated as (Equation 2); 
 

𝐶𝑆𝑅 = 0.65 ×
𝑎𝑚𝑎𝑥

𝑔
×
𝜎𝑣
𝜎𝑣
′
× 𝑟𝑑  (2) 

 
 

Here is, 𝑔, gravitational acceleration; 𝜎𝑣 and 𝜎𝑣
′ , total and effective stress; 𝑎𝑚𝑎𝑥 , the peak horizontal 

acceleration;  𝑟𝑑 , stress reduction coefficient. 
 
Considering the earthquake hazard of the region and previous studies, the maximum horizontal ground 

acceleration (amax) was evaluated as 0.40g and the earthquake magnitude (Mw) as 7.5, in the study. The safety 
coefficients obtained as a result of the calculations were used to determine the levels with and without liquefaction 



Advanced Engineering Science, 2022, 2, 87-92 
 

91 
 

potential. Levels with a factor of safety less than 1 are considered liquefiable, while levels greater than 1 are 
considered non-liquefiable. The results of the liquefaction analysis of soils in the study area are given in Table 3. 

 
Table 3. Liquefaction analysis results in the study area 

Drilling 
No 

Z  
(m) 

Water 
 Level  
 (m) 

FC (%) 
Unit Weight 

 kN/m³ 
N160 CSR CRR FS 

D1 3.00 2.44 45.08 19.57 16.50 0.281 0.176 0.63 

D1 6.00 2.44 43.27 19.59 34.10 0.354 0.425 1.20 

D1 7.50 2.44 40.29 19.61 45.20 0.370 0.489 1.32 

D1 9.00 2.44 32.22 19.81 48.00 0.378 0.453 1.20 

D3 3.00 1.9 35.18 19.75 36.00 0.311 0.374 1.20 

D3 4.50 1.9 24.15 19.99 19.50 0.353 0.209 0.59 

D4 3.00 2.2 46.36 19.56 18.50 0.294 0.197 0.67 

D4 4.50 2.2 41.44 19.59 24.30 0.339 0.278 0.82 

D4 9.00 2.2 48.67 19.53 37.10 0.386 0.464 1.20 

D7 7.50 2 46 19.56 43.60 0.388 0.465 1.20 

D7 12.00 2.1 7 20.41 21.70 0.369 0.238 0.64 

D7 14.50 2.1 5 20.43 24.20 0.343 0.277 0.80 

D8 3.00 2.8 45 20.10 32.20 0.265 0.318 1.20 

D8 14.50 2.8 8 20.39 39.00 0.338 0.405 1.19 

D9 6.00 2.5 15.5 20.26 24.00 0.347 0.274 0.79 

D9 9.00 2.5 17.3 20.23 41.10 0.369 0.443 1.20 

D9 12.00 2.5 14.8 20.26 45.20 0.361 0.455 1.26 

D10 1.50 1.2 10 20.50 14.80 0.285 0.158 0.55 

D10 3.00 1.2 11 20.34 16.80 0.358 0.178 0.50 

D10 4.50 1.2 7 20.41 21.00 0.389 0.229 0.59 

D10 6.00 1.2 10 20.36 26.80 0.405 0.332 0.82 

D10 9.00 2 44.2 29.30 5.00 0.393 0.426 1.08 

D11 3.00 2.1 3 20.46 13.80 0.297 0.148 0.50 

D11 4.50 2.1 2.3 20.47 15.70 0.339 0.167 0.49 

D11 6.00 2.1 3.1 20.45 17.40 0.362 0.185 0.51 

D11 9.00 2.1 3 20.46 25.00 0.379 0.292 0.77 

D11 12.00 2.1 2.9 20.46 20.50 0.368 0.222 0.60 

D11 14.50 2.1 3.5 20.45 24.20 0.343 0.277 0.80 

D13 3.00 2.1 47 19.56 42.50 0.304 0.395 1.30 

D13 4.50 2.1 48 19.55 45.40 0.351 0.421 1.20 

D13 6.00 2.2 8 20.39 27.70 0.358 0.361 1.01 

 



Advanced Engineering Science, 2022, 2, 87-92 
 

92 
 

6. Discussion and Conclusions  
 

In building design, the behavior of the ground in response to the general characteristics of the ground and the 
loads acting on it is of great importance. As a result of the seismic loads that the ground is exposed to, the 
parameters based on the building safety should be determined correctly. Considering the fact that our country is 
located in an earthquake zone, the importance of the situation increases even more. The liquefaction in the soil 
layers can cause significant damage to the surface and buried structures during the earthquakes. Therefore, it is 
very important to determine the factors that cause liquefaction in soils and the liquefaction hazard and to predict 
their possible harmful effects in geotechnical earthquake engineering. 

In this study multiple research data were used together to determine the soil properties and liquefaction 
potential of Alikahya region (Izmit). Despite the presence of sandstone, conglomerate, shale and mudstone units 
in the north of the study area, the remaining areas are represented by Quaternary aged alluvium. Seismic velocities 
and SPT blow numbers were found to be low, especially at near-surface depths throughout the study area. 
According to the liquefaction analyzes performed considering the earthquake hazard and loose soil structure of 
the region, it has been determined that some local areas in the study area are at risk of liquefaction (Table 3). It 
will be beneficial to use the necessary soil improvement methods for new constructions to be made in areas with 
liquefaction risk in the region. 
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 Soil stabilization is one of the methods of soil improvement that has been used since 
ancient times in human history. Soil mass reinforced with randomly distributed discrete 
fibers is one of the techniques for improving the properties of soils. Reinforcing the soil 
with randomly distributed discrete fibers has attracted the attention of many 
researchers over the past few decades. For this purpose, many studies have been carried 
out with fibers obtained from synthetic, natural and waste materials. Studies on soil 
reinforced with discrete fibers have revealed the effect of fibers are beneficial to strength 
parameters of soils. In this study multivariate regression analysis were performed by 
using data from literature to formulate the effect of fibers on the soil. The formulas 
obtained from multivariate regression analyses are in harmony with the values of 
unconfined compression and shear strength. 

 
 
 
 
 
 

1. Introduction  
 

As is known, almost all types of structures, from high-rise buildings to the construction of roads, railways, 
tunnels and viaducts, are built either on the soil or in the soil. In this regard, the structures are in constant 
interaction with the soil. Unfortunately, the soil that is supposed to carry the constructed structure may not always 
have sufficient engineering properties. The fact that the soil has insufficient engineering properties may cause the 
existing soil to be discarded and a new filling to be made or it can bring up the construction of deep foundation. 
But it may not be possible to implement these solutions for economic reasons. At this point, engineers go to ways 
to improve the soil on the site. 

Soil stabilization is one of the methods of soil improvement that has been used since ancient times in human 
history. The stabilization of soils has been performed for millennia. For instance, the Mesopotamians and Romans 
separately discovered that it was possible to improve the ability of pathways to carry traffic by mixing the weak 
soils with a stabilizing agent like pulverized limestone or calcium [1]. Random distribution of fibers on the ground 
also improves the strength parameters of the soil by simulating the behavior of plant roots [2]. Also in ancient 
civilizations, straw was a material used for reinforcing building blocks obtained from slurry [1]. At present, the 
reinforcing of the soil to improve its properties is attributed to the Vidal [3]. One of the methods of reinforcing the 
soil is use of fiber. Reinforcing the soil with randomly distributed discrete fibers has attracted the attention of 
many researchers over the past few decades. For this purpose, many studies have been carried out with fibers 
obtained from synthetic [4-9], natural [10-19] or recycled/waste materials [20-25] in order to study the effect of 
fibers on the engineering properties of the soil. 
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2. Literature Review 
 

Uysal, carried out a laboratory study by mixing sand samples having different relative density values (20%, 
30% and 40%) with kapolymer and virgin homopolymer fibers in ratios of 0.50%, 1.0% and 1.50% of the dry 
weight of the soil. Shear box tests were conducted in order to observe the effect of relative density and fiber content 
on the shear strength.  It was observed that the samples having a high relative density has a higher shear strength, 
and the angle of internal friction also increases as the fiber ratio increases [9]. 

Wei et al. performed laboratory tests by mixing a silty clay soil with both lime and fibers to investigate the 
mechanical properties of the soil. Wheat straw, rice straw, hemp and polypropylene fibers were added to the soil-
lime mixtures. Unconfined compression and triaxial compression tests were performed on samples in order to 
examine the shear strength properties. The optimum fiber content was found to be 0.2% or 0.25% and the 
optimum fiber length was found to be 30%-40% of the sample diameter. Fiber reinforcement has significantly 
increased cohesion and slightly improved the angle of internal friction. When the performance of fiber varieties in 
cohesion increases was compared, it was determined that polypropylene, jute, rice straw and wheat straw were 
from the best to the lowest [18]. 

Özdemir, investigated the consistency limits, compaction characteristics, unconfined compression and freeze-
thaw properties of fiber-clay samples obtained by adding natural (straw, hemp) and synthetic (polyester) fibers 
to a cohesive soil sample. It was observed that the unconfined compression strength of the samples increased with 
an increase in the percentage of fiber, and improvements in the unconfined compression strength after freezing 
and thawing also occurred when compared to natural clay. The samples with hemp additives exhibited superior 
behavior against freezing and thawing [15]. 

Pradhan et al. investigated the effect of polypropylene fiber contribution on the shear strength and unconfined 
compression strength of cohesive soils. They observed that the addition of fibers increased the peak and residual 
shear strength as well as unconfined compression strength and CBR values [26]. 

Consoli et al. carried out a study to determine the differences in the strength of artificially cemented sandy soil 
with and without fiber reinforcement. The controlling parameters evaluated were the amount of cement, porosity, 
moisture content, and voids/cement ratio. A series of unconfined compression tests were performed. Results show 
that the fiber addition increased the unconfined compression strength of the samples at all cement ratios [27]. 

Nezhad et al. in their study, aimed to investigate the effect of natural fibers on the strength behavior of clayey 
soils as sustainable fibers containing basalt (BS) and bagasse (BG) and synthetic polyester (PET) fibers. For this 
purpose, the effects of various fiber contents (0.5%, 1% and 2%) and lengths (2.5 mm, 5 mm and 7.5 mm) were 
evaluated experimentally. By performing indirect tensile strength (ITS) and CBR tests, it was found that increased 
fiber content and length had a significant effect on CBR and values. In addition, the CBR and ITS values obtained 
by mixing the 7.5 mm long fibers with the soil at 2% density caused the highest values [14]. 

Valipour et al. have investigated the effects of recycled tire polymer fibers (RTFP) and glass fibers (GF) on 
improving the strength/deformation properties of clays. A series of compaction, unconfined pressure and shear 
box tests were carried out on clay soils with RTFP and GF, with various lengths (5 mm and 10 mm) and fiber ratios 
(0.5, 1.0 and 1.5%). It was seen that the fiber addition was more effective on the cohesion value, while the changes 
in the internal friction angle values remained at a minimum level. The highest shear stress values were obtained 
at 0.5% for RTPF and 1.0% for GF. It has been observed that fiber reinforced soils show higher ductility and load 
bearing capacity compared to non-reinforced soils [25]. 

Bao et al. studied the mechanical performance of clayey soil (fiber density: 1.0%, 2.0% and 3.0% fiber lengths: 
3 mm, 6 mm and 12 mm) reinforced with carbon fibers (CF). Unconfined compressive strength tests were 
performed on soil samples under optimum water content. The unconfined compressive strength of the soil 
samples improved significantly with increasing fiber content. The samples reinforced with 3% CF content of 6 mm 
have reached the highest unconfined pressure value [5]. 

Yetimoglu and Salbas investigated the shear strength of sands reinforced with randomly distributed fiber by 
shear box test. The test results showed that the peak shear strength and stiffness did not change significantly with 
the addition of fiber. Horizontal displacements during failure under equal stresses in the vertical direction were 
found to be comparable in fiber-reinforced and unreinforced sands. Fiber reinforcement reduced the brittleness 
of the soils and reduced post-peak strength losses. Thus, fiber reinforcement to the sandy soil led to an increase in 
the residual strength [28]. 

Çetinkaya used clay, fly ash and polypropylene fiber materials in his study. CBR and free pressure experiments 
were performed on mixtures prepared by mixing clay and fly ash samples with polypropylene fibers. According to 
the results of the experiments, it was observed that the CBR value increased by 100% and the unconfined 
compression strength increased by 48% in the mixtures prepared with fiber additives at a rate of 1.0% by weight 
of the clay-fly ash mixture [6]. 

In his study, Fındıkçı homogeneously mixed 3, 6, 12 mm long glass fibers into bentonite clay at 1%, 2%, and 
3% ratios in his study. As a result of the unconfined compression experiments, the optimum values were obtained 
from samples containing 12% fiber with a length of 12 mm [7]. 
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Ayraçma carried out shear box experiments by mixing 0.25% and 0.5% glass fiber into white silica sand with 
different relative density values (20% and 60%). During the experiments, due to the difficulties in ensuring the 
homogeneous distribution of the glass fiber in the sample, material changes were made and sand-polypropylene 
fibers were used in the rest of the study. Shear box tests were carried out on sand-polypropylene fiber blends 
mixed at 0.25%, 0.5% and 1.0% ratios. The shear box results performed on the fiber-reinforced samples showed 
that the peak internal friction angle of the fiber-reinforced soils increased. Also, the post-peak strength loss after 
fracture decreased [4]. 

Consoli et al. applied unconfined compression tests, split tensile tests and drained triaxial pressure tests to fine 
grained sand classified as SP. The inclusion of PET fiber increased the peak and ultimate strength and energy 
absorption capacity. While the cohesion did not change, the internal friction angle increased with the inclusion of 
the fiber and the length of the fiber. The addition of fiber did not affect the initial stiffness or ductility. The 
unconfined compressive strength and tensile strength of cemented sand significantly increased by fiber 
reinforcement [20]. 

Terzi, has added basalt fiber in certain proportions to soil samples classified as high plasticity clay (CH), shear 
box tests were applied under different vertical stresses after the samples were first consolidated under 45 kPa 
load for 7 days. The samples were prepared by slurry method by adding 6 mm, 12 mm and 24 mm long basalt fiber 
at 0%, 1%, 1.5%, 2% and 2.5% by weight of the clay sample. According to the results of 39 experiments; As the 
basalt fiber ratio and length increased, a non-linear increase was observed in the internal friction angle, while peak 
values were observed at different basalt fiber ratios depending on the basalt fiber length in the cohesion value. 
While the cohesion value peaked at 2% fiber in the samples worked with 6 mm fiber length, the highest 
improvements were obtained in the cohesion value of 1.5% in the samples worked with 12 mm fiber length, and 
the cohesion value at 1% fiber in the samples worked with 24 mm fiber length [29]. 

Sevencan, investigated the unconfined compressive strength of the samples by mixing them with different 
ratios of fly ash (10.0%, 20.0% and 30.0%) and polypropylene fibers of different ratios (0.50% and 1.0%) and 
lengths (6 mm and 19 mm) on the clayey soil. As a result of standard proctor tests of clayey soils with fly ash 
additive, it was observed that the dry unit volume weight values increased and the optimum water content 
decreased with the increase in the fly ash content. The use of fiber alone (without adding fly ash) reduces the 
unconfined compressive strength somewhat. Only 1.0% M19 fiber reinforced sample increases the strength 
slightly. A similar behavior is observed for mixtures containing 10% fly ash. On the other hand, it was observed 
that the unconfined compressive strength of the mixtures containing 30% fly ash decreased slightly with 0.5% 
fiber content, while the unconfined compressive strength of the mixture was increased with 1.0% fiber content 
[8]. 

Prabakar and Sridhar, applied sisal fibers to soil samples in four different densities (0.25, 0.5, 0.75 and 1%) and 
4 different lengths (10, 15, 20, 25 mm) on low plasticity clayey soils, which they classified as CL in their study. have 
supplemented. Compaction and triaxial compression tests were applied to the prepared samples. According to the 
test results, the shear stress of the fiber reinforced soil is improved by the addition of sisal fiber. Shear stress 
increases non-linearly with increasing fiber length up to 20 mm and beyond, where an increase in length decreases 
shear stress. The shear stress of the reinforced soil also increases with the increase in cell pressure (σ3). The 
percentage of fiber content also affects shear strength as shear stress develops non-linearly with increase in fiber 
content. But beyond 0.75% fiber content, shear stress decreases with increase in fiber content. The cohesion value 
is increased due to the inclusion of sisal fiber. The maximum cohesion value is achieved as 66 kPa versus 18 kPa 
(unreinforced soil). Up to 20 mm long, the increase in fiber length increases the cohesion value. There is no 
particular trend for the internal friction angle to change with fiber length. It has been determined that the cohesion 
improves linearly with the increase in fiber content, thanks to the fiber content of up to 0.75%. But for the same 
fiber content of different lengths, the amount of increase in cohesion is less [16]. 

Ahmad et al. conducted triaxial compression tests to evaluate the response of randomly distributed fibers on 
the strength of silty sand. In this study, palm fiber (OPEFB) was mixed with silty sand soil to investigate the 
increase in shear strength during triaxial compression. Samples were tested under drained and undrained 
conditions with different lengths (i. e. 15mm, 30mm and 45mm) and different ratios (0.25% and 0.5%). In addition, 
OPEFB fibers coated with acrylic butadiene styrene thermoplastic were also tested to determine the effect of the 
coating on reinforcement. The inclusion of randomly dispersed discrete fibers significantly increased the shear 
strength of the silty sand. Coated OPEFB fibers increased the shear strength of silty sand much more than uncoated 
fibers. The coating increased the surface area of the fibers, increasing the interface friction between the fiber and 
soil particles. Reinforced silty sand containing 0.5% coated fiber with a length of 30 mm showed approximately 
25% increase in internal friction angle and 35% increase in cohesion under undrained loading conditions 
compared to that of unreinforced silty sand. The results show that the shear strength parameters of the soil-fiber 
mixture can be significantly improved [10]. 

Wu et al. aim to determine the behavior of randomly distributed sisal fiber reinforced soil in silty clay in their 
study. The fibers were cut in different lengths (5, 10 and 15 mm) and randomly mixed with the soil at different 
percentages (0.5%, 1.0% and 1.5%). In this article, the researchers evaluated the effect of sisal fiber on the 
engineering properties of silty clay soil using the triaxial shear test. As a result of the test results, the cohesion of 
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the fiber-reinforced soil and the peak of the principal stress difference improved after the fiber reinforcement to 
the soil. With increasing fiber content, the peak of the principal stress difference increases. When the fiber content 
reached 1.0%, the increase in the bearing capacity of the soil body was limited by mixing more fiber. Compared to 
the 5 mm long fiber, a significant improvement in cohesion values and the peak of the principal stress difference 
was observed for the 10 mm long fiber. The level of recovery occurred at about 20% [19]. 

Kaniraj and Gayathri, conducted an experimental study to investigate the effect of randomly oriented fiber 
additives on the geotechnical behavior of two different (DA, RA) fly ash. In the experiments, two different types of 
polyester fiber and 1% fixed fiber content (based on dry weight) were chosen as the fiber ratio. The polyester 
fibers used in the experiments were produced from 100% recycled plastic waste. This article presents the results 
of unconfined compression tests and triaxial compression tests on fiber-reinforced fly ash. In all triaxial 
compression tests, fiber reinforcement had a significant effect on the stress-strain behavior of the samples. In the 
unconfined pressure tests, when the lean fly ash samples reached the axial deformation values of 1.5-2.5%, the 
samples collapsed. However, fiber-reinforced samples exhibited a highly ductile behavior. F6DA and F6RA samples 
reached peak axial stresses at relatively higher axial strain values than raw fly ash samples and then continued to 
deform under decreasing axial stress. In unconsolidated and undrained tests, the deviator stress reached a peak 
in the range of 11-14% for DA specimens and 6-10% for RA specimens as axial deformation, after which it 
remained almost constant. In the F6DA and F6RA samples, the peak deflection stress could not be reached even at 
20% axial deformation. The behavior of fly ash and fly ash–fiber samples in the drained tests were similar to the 
behaviors in the unconsolidated and undrained tests. The fiber additive increased the strength of the raw fly ash 
samples and changed the brittle behavior to ductile behavior [30]. 

Muntohar et al. investigated the engineering behavior of stabilized (rice husk ash blended with lime) 
clayey/silty soil reinforced with randomly distributed discrete plastic waste fibers. 12% lime, 12% ricejusk ash 
and plastic waste fibers in different proportions (0.1%, 0.2%, 0.4%, 0.8% and 1.2%) were mixed into the highly 
plastic silty soil. unconfined compression test, split tensile test, triaxial compression test and CBR tests were 
applied to the prepared samples. The results show that the proposed method further improves the engineering 
properties, stability and durability of the clayey-silty soil. Depending on compressive strength, California strength 
ratio (CBR), shear strength and failure properties, optimum fiber content in soil-lime-rice ash ash mixtures was 
determined to vary between 0.4-0.8% of dry mass [24]. 

Babu and Vasudevan (2008) tried to present the results of the strength and stiffness behavior of soil reinforced 
with coconut fibers in their study. Cylindrical soil samples reinforced with coconut fibers mixed with soil of 
different sizes (10 cm, 15 cm, 25 cm, 30 cm) and densities (0.5%, 1.0%, 1.25%, 1.5%, 2.0%, 2.5%) to determine 
the strength and stiffness of the samples. It was tested on a triaxial shear device and the results were compared 
with unreinforced soils. The stress–strain behavior of the soil was improved by incorporating coconut fibers into 
the soil, the deviator stress at failure was observed to increase up to 3.5 times compared to the unreinforced soil 
with fiber inclusion. In fiber-reinforced soils, the deviator stress increased as the fiber diameter increased. The 
maximum stress increase was observed when the fiber length was between 15 and 25 mm and the length was 
between 40 and 60% of the smallest lateral dimension of the sample. As the fiber content increased, the energy 
absorption capacity of the fibrous samples increased. The results show that the addition of 1-2% coconut as a 
random reinforcement material increases both the strength and stiffness of the clayey soil studied in the study 
[12]. 

Mirzababaei et al. conducted comprehensive research on the use of carpet waste fibers in the reinforcement of 
clay soils in their study. The effects of adding two different types of shredded carpet waste fibers in proportional 
amounts to clayey soils (i. e., 1, 3 and 5% according to the dry weight of the soil) were investigated and evaluated. 
The research was carried out on samples prepared with maximum dry unit weight and optimum water content, 
and samples prepared under variable dry unit weight and water content conditions. A comparison was also made 
on the samples prepared at the same fiber content by changing the dry unit weight while keeping the water content 
unchanged or by changing both the dry unit weight and the water content. The research revealed that the 
incorporation of carpet waste fibers into prepared clayey soils at the same dry unit weight can significantly 
increase the unconfined compression strength (UCS), reduce the post-peak strength loss, and change the failure 
behavior from brittle to ductile. It has been observed that the benefit of the fiber to increase the unconfined 
compression strength of clay soils is highly dependent on the initial dry unit weight and water content of the soil 
[23]. 
 
3. Material and Method 
 

Current state of the art on fiber addition to soils shows that synthetic fiber reinforcement of soils has positive 
effects on the unconfined compressive strength and shear strength parameters of soils. 

In this study, the effects of synthetic fiber addition on the unconfined compression strength, cohesion and 
internal friction angle of soils were formulated by multivariate regression analysis method. In order to formulate 
the fiber effects with multivariate regression analysis, the relative density and fiber percent in sandy soils, and the 
fiber percent and length parameters in cohesive soils were selected from the data in the previous studies and the 



Advanced Engineering Science, 2022, 2, 93-100 
 

97 
 

unconfined compressive strength and shear strength parameters were tried to be determined by regression 
analysis. The data used in the analyses are given in Table 1. 
 

Table 1.  A summary of the data used from literature 
Soil 

Type 
Dr (%) 

Fiber Percent 
(%) 

Fiber Length 
(mm) 

Φ (0) Soil Type 
Fiber Percent 

(%) 
Fiber Length 

(mm) 
qu 

(kPa) 

SP 20 0 0 28 CL 0 0 157 

SP 30 0 0 31 CL 0,5 2 340 

SP 40 0 0 33 CL 1 2 380 

SP 20 0,5 15 31 CL 1,5 2 397 

SP 20 1 15 33 CL 0,5 5 301 

SP 20 1,5 15 34 CL 1 5 340 

SP 30 0,5 15 33 CL 1,5 5 345 

SP 30 1 15 34 Soil Type 
Fiber Percent 

(%) 
Fiber Length 

(mm) 
c (kPa) 

SP 30 1,5 15 36 CL 0 0 291 

SP 40 0,5 15 36 CL 0,2 12 301 

SP 40 1 15 38 CL 0,25 12 331 

SP 40 1,5 15 39 CL 0,3 12 307 

SP 20 0,5 15 29 CL 0,2 19 326 

SP 20 1 15 30 CL 0,25 19 358 

SP 20 1,5 15 32 CL 0,3 19 344 

SP 30 0,5 15 32 Soil Type 
Fiber Percent 

(%) 
Fiber Length 

(mm) 
Φ (0) 

SP 30 1 15 33 CL 0 0 32 

SP 30 1,5 15 35 CL 0,2 12 32 

SP 40 0,5 15 34 CL 0,25 12 33 

SP 40 1 15 35 CL 0,3 12 31 

SP 40 1,5 15 37 CL 0,2 19 32 

SP 40 0,5 15 36 CL 0,25 19 33 

SP 40 1 15 38 CL 0,3 19 33 

 
 

The soil used to determine cohesion has a salt content of 2.64%, was collected from coastal area, and was air 
dried and sieved (2 mm). The physical properties indices of soil are presented in Table 2 [18]. 
 

Table 2. Physical properties of soil used to determine cohesion (c, kPa) [18]. 

 
 

Sand sample was used for the calculation of the internal friction angle and the percentage of sand was found to 
be 99% according to the results of the sieve analysis. The parameters of the soil are given in Table 3 [9]. 
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Table 3. Physical properties of soil used to calculate internal friction angle (Φ, °) [9]. 
Properties               Value 

Gravel (%)                   0 

Sand (%)                  99 

Clay and Silt (%) 
D60 

                  1 
            0,315 

D30 

D10 

Cc 

Cu 

USCS 

            0,256 
            0,215 
            0.968 
            1.465 
               SP 

 
To determine the free compressive strength, the researchers used a sample of natural clay. After drying the 

sample in the laboratory for 24 hours, they pulverize it in the Los Angeles abrasion device until it was crumbly 
enough. The soil parameters are given in Table 4 [15]. 
 

Table 4. Physical properties of soil used to determine unconfined compression strength (qu) [15] 

              Properties                            Value 

       < 0,002 mm (%)                                42 

Unit volume of grain, (kN/m3)                              25,9 

       Liquid limit, (%) 
       Plastic limit, (%) 

                             60,8 
                             26,5 

     Plasticity Index, (%) 

              USCS 

                             34,3 
                              CH 

 
 
 
 

4. Results and Discussion 
 

Based on the multiple variate regression analyses, the following equations were obtained for the relationship 
between fiber percent, fiber length and relative density with the internal angle of friction (Φ, °), cohesion (c, kPa) 
and undrained compressive strength: 
 

𝑞𝑢 = 𝑎 + 𝑏𝐹𝑝 + 𝑐𝐹𝐿 + 𝑑(𝐹𝑝
2) + 𝑒(𝐹𝑝. 𝐹𝐿) + 𝑓(𝐹𝐿

2) (1) 

 
In this equation, qu represents undrained compressive strength in kPa whereas Fp, and FL denotes fiber percent 

and fiber length. The constant parameters of a, b, c, d, e and f will be taken as 157, 179.7 81.67, -57, -4.333 and -
13.13, respectively. For the relationship between fiber percent and relative density with the internal angle of 
friction (Φ, °) of cohesionless soils: 
 

𝚽 = 𝑔 + ℎ𝐹𝑝 + 𝑖𝐷𝑟  (2) 

 
where Fp, and Dr denotes fiber percent and soil relative density (divided by 100).  The constant parameters of 

g, h, i will be taken as: 22.95, 26.57, and 3.106, respectively.  The coefficient of determination is found as 0.90 for 
the suggested formula. For the relationship between fiber percent and fiber length with the cohesion (c, kPa) of 
cohesive soils: 
 

𝐜 = 𝑗 + 𝑘𝐹𝑝 + 𝑙𝐹𝐿 + 𝑚(𝐹𝑝
2) + 𝑛(𝐹𝐿

2) (3) 

 
The constant parameters of j, k, l, m and n will be taken as: 291, 5120, -86.48, -1e+04, 2.926 respectively.  The 

coefficient of determination is found as 0.99 for the suggested formula. 
 
 
 

5. Conclusion  
 

Researchers conducted laboratory tests in order to investigate the mechanical behavior of fiber reinforced 
soils. Based on the carried-out tests, it was observed that reinforcing soil with fibers, the peak strength loss is 
decreased, and thus the behavior of the material changed from brittle to ductile, the swelling pressure and 
desiccation cracks decreased, in short, the behavior of the soil improved in the desired direction. When compared 
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to classical soil improvement techniques, the main advantage of mixing randomly distributed fibers is the 
maintenance of strength isotropy and absence of potential failure plane that can develop parallel to the oriented 
reinforcement [16]. By using the results of the previous laboratory tests reported in the literature, multivariate 
regression analyses were performed.  Formulas were suggested to be used for the practical purposes for the site 
engineers and designers.  
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 Drinking and usage water of Hadim Town (Konya, Turkey) has been provided from 
underground water. For this reason, there is no any treatment method but only 
disinfection with chlorine is applied. In the scope of this study, it is intended to determine 
the characteristic of the water quality via some analysing method of the drinking and 
usage water and to explore the effectiveness of the existing disinfection method which is 
applied at present. Water has been analysed collected 200 water samples from 5 points 
selected in the central district of Hadim water mains system. Subsequently, analyses, 
which are intended for characterizing the drinking and usage water of Hadim district, 
have been conducted both in the territory and in the public health laboratories of Konya 
province. Furthermore, analyses have been conducted in order to determine to what 
extent and at what point is effective the selected disinfection method (chlorination). 
Consequently, it has been determined that, on account of its chemical specialties, 
drinking water of the Hadim district is suitable for the standards stipulated for our 
country. Nevertheless, bacteriologically, it has been determined that the quality of the 
water is low owing to coinciding with coliform type bacteria from time to time. 

 
 
 
 

1. Introduction  
 

There is no doubt that water, which has a very important place in the life and life of people and other living 
things, is an indispensable substance. Early humans chose areas where they could easily obtain water and protect 
themselves easily to settle. Throughout history, civilizations have developed more in areas with water resources. 
In order to benefit from these waters better and more, they seized the resources and built dams and dams on the 
river beds. The fact that the surface waters, which are easy and cheap to use, cannot meet the needs and become 
polluted quickly, have led people to benefit from underground waters by making galleries, wells and drillings. 
Increasing population, rapidly developing industry and rapidly increasing number of factories have caused people 
to turn their attention to regions with low population density. People settle, process, set up facilities, etc. While 
searching for lands for various purposes, they aimed to find water in such regions first of all. This means that the 
surface waters in the distance are tunnels, canals, etc. It is possible by transporting the groundwater in various 
ways and bringing it to the surface by making it possible to transport it in very costly ways such as for this reason, 
the phrase "water is life" has not been said in vain [1]. 

Only less than 1% of the total amount of water on earth can be used as drinking water. Existing drinking water 
resources, increasing population, rapidly developing industry and disappearing natural environment limit 
underground and surface drinking water resources. While groundwater is generally directly drinkable, surface 
waters, streams, streams, lakes and dams are generally not of directly potable quality. Their chemical structures 
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mostly depend on the lands they pass through and on which they are located, on the nearby factories and 
settlements. Especially those close to large settlements are significantly polluted [2]. All water sources can be used 
both as drinking water and for industrial purposes. The natural water resources that are widely used in the 
industry by applying the appropriate treatment process are surface and underground waters. Despite this, it is 
expected that the ground waters that filter through a thick soil layer are cleaner than the surface waters, but the 
dissolved salt content is higher [3]. The best waters are spring waters, which are not sufficient in terms of quantity. 
Well water is also generally of good quality. However, these are not enough to meet the water needs of big cities. 
Therefore, river, stream and lake waters are used to meet the water needs. Such waters are sufficient in terms of 
quantity but not sufficient in terms of quality [4]. 

Sönmez [5], in his study, took samples in three different periods, in November-2002, April-2003 and August-
2003, in order to examine the existing quality, pollution dimensions and sources of Incesu-Dokuzpınar 
underground cold-water sources and whether they comply with the standards. made analyses to reflect its quality 
and pollution status. As a result of the study, according to the Water Pollution Control Regulation of Dokuzpınar 
groundwater, in November Ι. It has seen that the class provides quality water values, but some parameters exceed 
the limits in April and August. In order to improve the water quality and maintain its usability as drinking water, 
it is recommended to provide training for the creation of protection areas around the source and for the local 
people to carry out their activities more consciously. The most important harm of organic matter accumulation is 
that it causes oxygen deficiency [6]. As a result of wastewater from factories related to agriculture and food and 
domestic discharges, they carry a large amount of organic substances to the aquatic environment [7]. 

Since the presence of pathogenic microorganisms that cause disease in drinking water is not continuous, it is 
not a sure and safe way to investigate them. Coliform bacteria and Escherichia coli are searched for because their 
search is difficult, requires a long time, and the chance of detecting these pathogens is not always high enough. In 
other words, in bacteriological water examination, “indicator” bacteria living in the intestines of humans and 
warm-blooded animals and mixed with faeces and polluted waters are investigated. These bacteria, which are an 
indicator of pollution, are called “coliform bacteria” [8]. The absence of coliform bacteria in a water indicates that 
it is clean, and the presence of more than a certain number indicates that it is dangerous. Although coliforms do 
not pose a great danger directly, they inform the danger [9]. 

It is aimed to disinfect drinking water by any method and to prevent the spread of infectious diseases that 
spread through water. Disinfection process is very important especially for public health. The most well-known 
disinfection process is chlorination. Chlorine and chlorine derivatives are the most commonly used disinfectants. 
Since the chlorine demand of a water may vary under the influence of other factors, the amount of chlorine for 
bacteria in the water should be measured with the orthotolidin test from time to time and the presence of colifrom 
bacteria should be checked [10]. The presence of E. coli in waters is a sign of the presence of harmful organisms. 
There are 108 – 109 E. coli in one gram of stool. For this reason, if E. coli is found when a drinking water source is 
analysed, it is understood that this source is contaminated with the faeces of humans, mammals and birds. The 
drinking water standard accepted for Turkey is the TSE TS 266 Drinking Water Standard and the Regulation on 
Water Intended for Human Consumption, which came into force after being published in the Official Gazette dated 
17.02.2005 and Official numbered as 25730 [11]. 

This study is to determine the conformity of drinking and utility water quality to standards by examining some 
properties of drinking and utility water in the centre of Hadim district of Konya, which has a population of 
approximately 4000 people, in terms of chemical and bacteriological aspects. In addition, it is to investigate the 
effectiveness of the disinfection method used by the district municipality and used in the warehouses and 
distribution network and the disinfectant substance used in disinfection. 
 

2. Material and Method 
 

Hadim district center covers the drinking water network. On-site measurement and sampling points were 
selected according to the distribution of the areas covering the study area. At selected points, the physical, chemical 
and bacteriological parameters of the drinking water of Hadim district centre were measured both in the field and 
in the laboratory. Since Hadim district centre is small and accordingly the distribution network is short, it was 
deemed appropriate to choose 5 stations. For this reason, a total of 10 samples were taken, once a month for 
chemical analysis, and a total of 50 samples were taken from 5 points, once a month for bacteriological analyses, 
in order to monitor the quality changes in drinking water. In addition, in order to determine the residual chlorine 
ratio, a total of 200 samples were taken from 5 points, 4 times a month, once a week. 
 

2.1. Study area 
 

In this study, which was started on the basis of shopping centres located in Selçuklu district of Konya province, 
Hadim is one of the districts of Konya, located in the Central Anatolian region of our country, and is at the 
intersection of 37 degrees north parallel and 33 degrees east meridian in the northern hemisphere. Eunuch; It was 
established in a valley in the centre of the Central Taurus Mountains of Konya province, and its distance from 
Konya is 128 km. is at the same time, it falls within the borders of the Mediterranean region. Eunuch; It is in the 
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south of Konya. There is Karaman province in the east, Taşkent district in the south, Bozkır in the west and Alanya 
lands in the south-west of the district. The altitude of the district from sea level is 1500-1700 m [12]. 

Hadim drinking and utility water is supplied from Akdağ Spring in Akdağ location outside the district and 
Küçüksu spring in Gevne road junction area. The water coming from here is taken to various 6 collection areas in 
the district and collected in 3 main reservoirs that distribute to the network from here. While 15 L of water per 
second enters these tanks during the winter months, it drops to 8 L/sec in the summer months. Taşpınar meets 
the water needs of the district with its 370 m3, Hocalar 110 m3 and Lower hadim 90 m3 reservoirs. Only 
chlorination is carried out in these warehouses, which distribute through network pipes made of PVC, cast iron 
and asbestos material. The physical, chemical and bacteriological properties of water are not known exactly, both 
at the source where it originates and at the points where it is used in Hadim district. It has been determined that 
there is no previous study based on analysis on this subject. The warnings made by the health institutions in 
certain periods against the fact that it is not bad in taste and smell cause some people to obtain drinking water 
from small sources in the environment or ready-made. For this reason, with this study, it is aimed to reveal the 
situation of drinking water, which is important for public health, in Hadim and to ensure that necessary 
precautions are taken [12]. 
 

2.2. Water Sampling Method  
 

The standards of TS 266 Drinking Water, TS 5089 Water Quality-Sampling Part-1: TS 5090 Water Quality-
Sampling Part-2: Sampling Techniques were complied with in the collection [11, 13, 14], transportation and 
preservation of the samples. Containers used for bacteriological analysis; Black, sterile and capped glass bottles 
were used. While taking the sample, the mouth of the faucet from which the water will be taken was sterilized by 
burning with a flame. Afterwards, the tap was opened to the end and flowed for a few minutes, and after making 
sure that the water representing the mains water came, the sample cups were rinsed with tap water and filled so 
that there was no air gap. 

 

2.3. Organic Matter 
 

Calcium and magnesium carbonate in the soil's composition turns into bicarbonate and dissolves in water. For 
this reason, there is more dissolved matter in the calcareous layers than in the previous ones. The excess of acids 
in the waters is formed by the decomposition of organic matter. Ammonia and iron are also high in waters passing 
through layers rich in organic matter. Generally, in places where water passes, chlorides, alkali sulphates, calcium 
and magnesium sulphates and their carbonates, iron and manganese compounds dissolve first, respectively. As 
the water passes underground, dissolved and soluble substances increase, and other substances gradually 
decrease with the filtering function of the ground. This is especially important for microbes. The water that passes 
through the layers that act as a good filter is cleaned from bacteria very quickly. Since the water passing through 
the cracks is not well filtered, it has not been purified by bacteria [15]. The water that evaporates into the air in 
nature is naturally clean when it is in the form of steam in the air. But this water rain, snow, etc. As it falls to the 
earth, it becomes more or less polluted according to the degree of pollution of the atmosphere by taking the gases, 
dust, fumes, radioactive sprinkles and microbes in the air layers. From the moment it comes into contact with the 
soil surface, its load begins to increase in terms of microorganisms, organic and inorganic substances, depending 
on the characteristics of these places. It also absorbs human, animal and plant organic wastes, agriculture, industry, 
sewage and nuclear pollution while flowing on the earth or passing into the depths [16]. 

The most important harm of organic matter accumulation is that it causes oxygen deficiency [6]. As a result of 
the deterioration and decomposition of aquatic flora and fauna, dissolved organic substances are mixed into the 
lake waters. However, these substances have been found in large quantities in the aquatic environment, especially 
as a result of the growth and development of industry and cities, and the increase in tourism. As a result of 
wastewater from factories related to agriculture and food and domestic discharges, they carry a large level of 
organic substances to the aquatic environment [7]. Organic materials can enter waters from a variety of sources, 
including humans, animals, and plants. Organic substances of plant origin are unimportant as they are not harmful. 
Those of animal origin are also transmitted to the water by birds, fish and aquatic animals. Of these, the most 
dangerous are organic substances contaminated by humans and other cattle. Especially in the waters that come 
into contact with places such as sewage cesspools, cemeteries, manures, barns, poultry houses, organic materials 
are high. Organic materials are relatively less in spring waters. The oxygen required to burn organic substances in 
one litter of water does not exceed 1.5 mg. When this figure is less than 1 mg, the water is considered chemically 
clean [16]. 

For Determination of Organic Matter, it is based on the oxidation of organic substances in water by using 
permanganate in an acid medium. The oxidation ability of water is expressed by the mg of potassium 
permanganate or the corresponding mg of oxygen consumed to oxidize the oxidisable substances in 1 litter of 
water. 100 mL sample is taken. 10 mL of dilute sulfuric acid solution and 10 mL of adjusted potassium 
permanganate solution are added and left in the water bath for 30 minutes (The sample is placed in the water bath 
so that the water level in the flask and the water level in the water bath are the same). The sample is removed from 
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the water bath and 10 mL of ammonium oxalate solution is immediately added. While it is hot, it is titrated with 
the adjusted potassium permanganate solution until a light pink is obtained. The result is found in mg of oxygen 
per litter. 
 

2.4. Coliform and E. coli Determination  
 

Drinking water is usually disinfected using chlorine or ozone. For disinfection to be successful, all pathogens 
must be exposed to the chemical disinfectant used. Most harmful organisms are exposed to disinfectant in turbid 
waters. However, in case of turbidity due to domestic wastewater solids, it is highly likely that harmful 
microorganisms can survive in the flocs. Therefore, excessive use of disinfectant is required. This is also expensive. 
For these and similar reasons, it is desirable to have very low turbidity values in water to be used as drinking 
water. 

The 'Standard Methods' method was used in the search and counting of Coliform and E. coli bacteria from 
bacteriological analyses. Estimation Experiment, Confirmation Experiment, Completion Experiment were carried 
out. First of all, for the estimation experiment, 0.1 ml, 1 ml and 10 ml water samples were placed in three tubes 
with Lactose Broth medium containing Durhaim Tubes, and kept in an oven at 37 °C for 24/48 hours. If there is 
gas at the end of the waiting period, it is said that it can be Coliform, and if there is no gas, it is said that there is no 
Coliform. For the confirmation experiment, Brilliant Green-Laktose medium was cultivated. As a result of sowing, 
it is kept in an oven at 37 °C for 48 hours. If there is gas, it is said that there is coliform. If there is no gas, it is said 
that there is no coliform [17]. 

The presence of E. coli was tested for the completion assay. For this, EMB (Eosin-Methylene Agar) medium was 
cultivated and incubated in an oven at 37 °C for 24 hours. E. coli is said to be present or absent depending on 
whether it gives the metallic green colour or not. Counting coliforms; It is made according to the Most Probable 
Number (MPN) method in 100 ml. By diluting the sample at 10% rate 3 times, 3 tubes of 10 ml, 1 ml and 0.1 ml are 
prepared [17]. Sowing is done in these three prepared tubes. Reproductive results are evaluated according to the 
table below. 

Table 1. Coliform bacteria count calculation according to the MPN method [17]. 
10 ml sample 1 ml sample 0,1 ml sample Results MPC/100ml 

+ + + >240 

+ + - 240 

+ - + 95 

+ - - 23 

- + + 19 

- - + 9 

- - - 1> 

 

2.5. Evaluation of residual chlorine analysis results  
 

The first option for testing uses a liquid chemical OTO (orthotolidine) that causes a color change to yellow in 
the presence of total chlorine. You simply fill a tube with water, add 1-5 drops of the solution, and look for the 
colour change. These kits are sold in many stores as a way to test the concentration of total chlorine in swimming 
pool water. This method does not measure free chlorine. Whether you use chlorine gas or sodium hypochlorite to 
disinfect the wastewater, both have one thing in common – in solution they are reactive and very unstable. The 
chlorine wants to change from a high oxidizing level to a more stable reduced one. Because of this it is impossible 
to preserve a sample for residual chlorine. Any sample taken for residual chlorine analysis must be tested 
immediately. According to EPA, this means the sample must be tested within fifteen minutes of collection [18]. 

As a result of the analyses made, in the 3rd week of June, 1st and 2nd week of July, 3rd and 4th week of August, 4th 
week of September, 1st, 2nd and 3rd week of November, December, no chlorine was found in the mains water in 
January, February and March. In the 1st week of September, it was found only in the 1st sampling point, but not in 
the others. In the 2nd week of September, it was absent in the 1st sampling point, while it was found in the others. 
In the 3rd week of September, it was found in the 5th sampling point, but could not be found in other points. It was 
found in the first 4th sampling point in the 1st and 2nd week of October, but it could not be found in the 5th sampling 
point. The amount of chlorine required in the samples taken at all other points was determined. According to the 
results and as a result of the researches, the disinfection method in the mains water of Hadim district is carried 
out randomly and far from scientific techniques. 
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3. Results and Discussion 
 

Some physical-chemical and bacteriological properties of drinking and utility water of Hadim district (district 
centre) were examined and sampling and analyses were carried out in a 10-month period in order to determine 
its quality. The results of the analysis of the samples taken from 5 sampling points determined in the study area 
were arranged separately for each month. Among the chemical analyses, pH, conductivity, total hardness, chloride 
and organic matter parameters were evaluated separately and their graphs were drawn. Bacteriological analyses 
were also evaluated separately. The residual chlorine parameter, which is used to control the disinfection, was 
evaluated alone. Organic Matter analysis results between June-2007 and March-2008 were evaluated. In the 
drinking water network of Hadim district centre, the results of the organic matter analysis made in the 10-month 
period were found even at low values in certain periods. While organic matter was not found in July, November, 
December and February, it was found at low rates in other months. However, since these values are below the 
normal values; The drinking water of Hadim District centre is at the desired drinking water quality level in terms 
of organic matter. 

 
 

 

 
Figure 1. This is the example of table formatting 

 

3.1. Bacteriological Analysis Results of Hadim Drinking Water Network Regarding Monthly E. Coli  
 

The numbers of E. coli in 100 ml determined as a result of the bacteriological examination of the monthly water 
samples taken from 5 points are given in Table 2. 
 

Table 1. E. coli results per 100 ml counted at points from June 2007 to March 2008 
Sampling  

period 

Sampling point-1 Sampling point-2 Sampling point-3 Sampling point-4 54.NOKTA Sampling point-5 

Prefecture Central Pri. Sch. Belediye Hotel Hospital A. Hadim Mosq 

June 240 +* 240 + 240 + 240 + 240 + 

July 240 -** - - 23 - 

August - - - 23 - - 

September  - - - - - 

October - - - - - 

November 240 + 240 - 240 - 240 - 240 - 

December - - - - -  

January - - - - - 

February - - 23 - - 23 + 

March 240 - 240 23+ 23 + 240  

 
* + sign indicates that reproduction continues; ** - sign indicates uraemia has stopped. 
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No bacteriological findings were found in the analyzes performed in September, October, December and 
January. In June and March, E. coli was found at all sampling points in the drinking water network. In the remaining 
months, while E. coli was detected at some points, it was not detected at some points. This suggests that the 
drinking water network was subsequently contaminated at some points. While the hospital point is the most 
polluted point bacteriologically, since five of the 10 measurements made, there is a pollution indicator, while the 
Central Primary School. point was determined as the cleanest point with 3 pollution indicators. 

As a result of the analyzes made, in the 3rd week of June, 1st and 2nd week of July, 3rd and 4th week of August, 
4th week of September, 1st, 2nd and 3rd week of November, December, no chlorine was found in the mains water 
in January, February and March. In the 1st week of September, it was found only in the 1st spot, but not in the 
others. In the 2nd week of September, it was absent in the 1st point, while it was found in the others. In the 3rd 
week of September, it was found in the 5th position, but could not be found in other points. It was found in the first 
4 spots in the 1st and 2nd week of October, but it could not be found in the 5th spot. The amount of chlorine 
required in the samples taken at all other points was determined. According to the results and as a result of the 
researches, the disinfection method in the mains water of Hadim district is carried out randomly and far from 
scientific techniques. 
 

4. Conclusions and Recommendations 
 

microorganisms. Depending on the occurrence of this decomposition event in an oxygenated and anaerobic 
environment, various decomposition substances are formed. If this decay event occurs in an oxygenated 
environment, odourless decay occurs. Here, carbon dioxide from carbon, sulfuric acid from sulphur, nitrite and 
nitrate acids from nitrogen are formed [15]. Calcium and magnesium carbonate in the soil's composition turns into 
bicarbonate and dissolves in water. For this reason, there is more dissolved matter in the calcareous layers than 
in the previous ones. The excess of acids in the waters is formed by the decomposition of organic matter. Ammonia 
and iron are also high in waters passing through layers rich in organic matter. Generally, in places where water 
passes, chlorides, alkali sulphates, calcium and magnesium sulphates and their carbonates, iron and manganese 
compounds dissolve first, respectively. As the water passes underground, dissolved and soluble substances 
increase, and other substances gradually decrease with the filtering function of the ground. This is especially 
important for microbes. The water that passes through the layers that act as a good filter is cleaned from bacteria 
very quickly. Since the water passing through the cracks is not well filtered, it has not been purified by bacteria 
[15]. 

The importance of reliable and quality drinking water for public health is known by everyone. Providing a 
quality drinking water for use is possible by showing the necessary attention and sensitivity at every stage, from 
the quality of the water at the source, to the proper disinfection and treatment process, to the storage and 
distribution of the water. However, if necessary, attention is paid to these issues, drinking water can be safely 
offered to the use of consumers. Relevant public institutions have important duties in this regard. In the studies 
carried out, samples were taken from 5 points determined within a 10-month period of the drinking water of 
Hadim district, and the results obtained as a result of the analyses are given below: 

While evaluating the mains water in Hadim as drinking water, the TS-266 drinking water standards in force in 
our country are taken as basis. Accordingly, it was determined in accordance with the standards in terms of 
chemical parameters. According to the results, it can be called 1st class water since it will be given to drinking 
water without any treatment other than disinfection. According to TS-266, while there should be 0 coliform 
bacteria in 100 ml, it is seen that this is not achieved in most of the samples. The presence of E. coli at some points 
in the samples taken on the same day indicates that there is wastewater leakage into the network. Coliform 
bacteria, which is an indicator of pollution, is another important parameter in terms of public health. The absence 
of coliform bacteria in a water indicates that it is clean, and the presence of more than a certain number indicates 
that it is dangerous. Although coliforms do not pose a great danger directly, they do signal danger. Accordingly, 
the health of the people who use tap water in some periods may be in danger. According to the results of the 
analysis and the presence of coliform bacteria in the network, the disinfection process is not performed properly 
and remains insufficient. 

The absence of disinfection in warehouses and networks in December, January, February and March carries a 
great risk for the public. The presence of chlorine in the samples taken from the points in some weeks indicates 
that the disinfection was carried out irregularly and uncontrolled during the months. According to the results, it is 
understood that the current disinfection system used is insufficient and ineffective in terms of protecting the 
health of the public. We can list the reasons why many water samples taken from the mains could not meet the 
drinking water standards in terms of bacteriology as follows: 

Water resources are dirty or polluted in the area where they originate. Disinfection (Chlorination) is not done 
in accordance with scientific techniques. Since the network is very old and not constructed properly, there is 
leakage into the drinking water pipes either from the sewerage or wastewater puddles. 
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5. Suggestions  
 

Suggestions to be considered in order to improve the drinking and utility water quality of Hadim district are 
given following: 

In accordance with the Water Pollution Control Regulation [19-21]; Class AGW Ι and Class UGW ΙΙ group wells, 
springs and infiltration galleries, from which groundwater is taken, are used for drinking water supply, no 
structures, solid and liquid waste discharge and passage are allowed at distances closer than 50 meters. In order 
to achieve this, the surrounding of the sources, which are completely unprotected, is 50 m. surrounded by barbed 
wire. When necessary, a second protection band should be created and construction, agriculture and animal 
husbandry should not be allowed. The increase in cherries in recent years also brings some chemical pollution. 
For this reason, awareness raising studies should be carried out for agricultural activities carried out in places 
close to the source and suggestions should be made for the use of natural fertilizers. Otherwise, the deterioration 
of high-quality water will not be prevented. Disinfection should be done in accordance with scientific rules. The 
purpose of disinfection is the destruction of pathogenic organisms and the prevention of water-borne diseases. 
Success in disinfection with chlorine; It depends on the type, density, contact time of the microorganism, pH value 
of the water, temperature of the water, and the presence of organic matter in the water. For a good disinfection, 
the turbidity should be low. For this reason, all these factors should be taken into account when chlorinating the 
mains water. In normal times, the minimum initial dose of chlorine to be given is 1.0 mg/L. If ammonium ions are 
present in the water, 6 mg/L chlorine is needed for 1 mg/L NH4+. Studies have shown that 0.5–1 mg/L 
hypochlorous acid residue is effective for a contact time of 30 minutes [22]. Again, according to this information, 
the amount of chlorine added to the network is not always the same, and changes should be observed by observing. 
At least, chlorination doses should be adjusted by constantly monitoring ammonium ion analysis. 

Persons responsible for disinfection application must be qualified and at least trained. Permanent staff should 
be assigned. Chemical, physical and bacteriological analyses should be done continuously and precautions to be 
taken for changes should be planned in advance. Urgent solutions should be sought for chlorination, which is not 
done in the face of freezing and excess water in winter. Necessary thermal insulation must be provided for the 
chlorinator. In addition, chlorination techniques should be investigated and a more effective technique and device 
suitable for the warehouse and network should be used. Extra new tanks should be made in order to remove 
chlorination and turbidity. 
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 This study examines the highlights related to the adaptation process to the EU Green 
Reconciliation, and it deals with the economic findings related to the process. The 
method of the study is based on the interdisciplinary findings about process. The current 
steps of the process had been visualized, then conveyed in a simple and understandable 
way. The study also deals with the economic findings related to the same process on the 
literature of the economic with graphics. The study focuses on issues such as the results 
of environmental pollution created by the cement sector on a sectoral basis for 
international trade. It examines the affections of sectoral environmental pollution on the 
economy and its reflections on carbon pricing at the border and make predictions about 
the near future. The research is important in terms of illuminating the critical points of 
the compliance process of the EU Green Consensus on the reflections of our country. 

 

 
 
 
 

1. Introduction  
 

This study first examines the highlights related to the adaptation process to the EU Green Reconciliation. The 
research deals with the economic findings related to the process. 
 

2. Material and Method 
 

The highlights related to the adaptation process to the EU Green Reconciliation are process steps. The study 
first examines this developing process. The method of the study is based on the interdisciplinary findings about 
process. The current steps of the process had been visualized, then conveyed in a simple and understandable way. 

The study deals with the economic findings related to the same process on the literature of the economic with 
graphics. The first material of the study is historical agreements on the process. These are international and 
national documents. 

Paris Agreement has entered into force on 5 October 2016 after signing in 2015 [1]. The European Green 
Reconciliation (EGD) can only be put into effect in 2019 [2]. Turkey has published the Green Reconciliation Action 
Plan in 2021 [3]. The Paris Agreement of Turkey Paris has signed in 2021 again [4].  

Turkey is now in this final process involving EGC and must speed up their preparation for transition. Turkey's 
participation in the party in the immediate past such as the following way in the following way (Figure 1). 

In this final process from the Paris Agreement to Europe, the digital conversion will be determinant in this final 
process. The solutions that the process will provide is particularly important for the future. For this purpose, new 
moves must be seen in Turkey's policies. 
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Figure 1. Turkey's accession to the party countries in the Historical Process from the Paris Agreement to the 

European Green Consensus. 
 

Economic data is visualized with tables and graphs to facilitate clarity and country-product comparisons in 
findings part below. Besides process steps are also collected in a figure again for 2021 year (Figure 2).  
 
3. Findings 
 

Turkey’s some tasks and events in 2021 are given in Figure 2. 

 
 

Figure 2. Turkey’s some tasks and events in 2021. 
 

The Climate Council is also completed after serial meetings. This and another process summary also explained 
with the sub-titles. 
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3.1. Emissions reduction plan in long-term 
 

Minister (Ministry of Environment, Urbanization and Climate) said that “There is a critical threshold in front of 
the world: to limit global warming to 1.5°C. To achieve the 1.5°C target, it is required that global emissions be 
reduced by 45% by 2030 and that net zero is achieved by 2050. The way to achieve this goal is for all countries to 
reduce by 7.6% each year by 2030” [5]. 

Countries join process promising dated to be carbon neutral and emission reduction (%) before (Table 1). 
Australia, Switzerland and Norway also promised date outside of EU, Turkey, China. 

 
Table 1. Carbon Neutral Promise dated for Countries 

Countries Promise dated % Emission reduction Carbon Neutral  
EU  50-55 2030 
EU   2050 
Turkey   2053 
China 22.09.2020  2060 

 
3.2. The COP26 
 

Turkey attended the 26th COP (Conference of Parties). It held in Glasgow. Turkey attended it as a party to the 
Paris Agreement in December and we also hosted 21 Mediterranean countries in Antalya. At the same time, 
Türkiye have taken over the Presidency of the Secretariat of the Barcelona Convention for 2 years. 
 
3.3. Climate Change and Adaptation Coordination Board Meeting  
 

We held the Climate Change and Adaptation Coordination Board Meeting with members to determine plans, 
policies, strategies, and actions regarding climate change on January 11. There are members from different 
institutions, private sector, and civil society representatives in meeting. 
 
3.4. The Climate Council 2022 Committees 
 

The Climate Council 2022 committees established in line with the specified aim and their working subjects are 
as given in Figure 3. 
 

 
Figure 3. The Climate Council 2022 Committees Derived by the author, taken from the relevant source [6]. 

 
3.5. Turkey's Green Development Revolution 
 

We held the Consultation Meeting, “Türkiye on the Road to Green Development" in Antalya. We shared our 11-
point final declaration with our nation on the fields (Figure 4). 
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Figure 4. 11-point final declaration with our nation on the fields. 

 
3.6. 2053 Target for Turkey: Carbon Neutral 
 

T.R. President announced our 2053 Carbon Neutrality target for Turkey at the UN General Assembly. Our 
roadmap and primary policies have been setting yet.  

For GD (2021-2050); Expected cost of all conversions totalling €28 trillion (5% of annual EU national income) 
(included Energy, Transportation, Building Housing Industry Agriculture Infrastructure) [7-8].  
 
3.7. New Strategies (Action Plan for 2022)  
 

Nationally Determined Contribution and Long-Term Strategy and Action Plan for 2022 should be prepared 
immediately together. We will finish all consultations by the end of this year. We will also submit it to the 
Secretariat of the UN Framework Convention on Climate Change (UN FCCC) like that (Figure 5). 
 

 
Figure 5. Turkey Strategy and Action Plan 2022 with Countries' Action Plans. 

 
3.8. The Border Carbon Adjustment (BCA) 
 

The European Union adopted a new growth strategy under the EU Green Agreement in 2021. In this case, the 
Border Carbon Adjustment is a vital issue for Turkey. Turkey’s exports 45% to EU countries. 
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3.9. Draft of Climate Law Preparations 
 

The council members and committees will reflect the scientific bases filtered from perspectives on 7 different 
fields on our Climate Law. Draft of Climate Law can be prepared after they will present all their studies to our 
assembly in detail. 
 
3.10. Carbon Pricing with Statistical Data for Sectors (24#)  
 

It is stated that if Turkey does not take precautions, it will be isolated in the extremely near future. According 
to 2018 data, Turkey is 4 times more polluting than the EU average (EU27 region) as shown in Figure 6. 
 
17,5 (kg CO2e/€) = ~4x4,5 (kg CO2e/€)  
 
(CO2e/€: Emission Pricing in €: Amount of CO2e/€ released into the air per ton of product) 
 

 
Figure 6. Turkey is 4 times more polluting than the EU average (2018) for electric energy sector emission 

density (CO2e/Added Value) (kg CO2e/€) Derived by the author, taken from the relevant source [8]. 
 
2# Bar: Blue: 2017; Orange: 2018. 
  

In the Turkish economy, the electricity generation sector is seen as the sector with the highest emission density 
with 154.9 Mt CO2e, which corresponds to a 34% share in total greenhouse gas emissions. 

Statistical data cover 24# sectors and two categories for the carbon pricing in EU trade (million €) with a bar 
graphics below (Figure 7).  
 

 
Figure 7. Carbon Pricing (Derived by the author) from the relevant source [8]. 

 
There are two categories in this graphic (Figure 7). 
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Categories: 
Blue: Carbon cost (million €, EUA=30€) (directly affect) For example, Cement sector (9.bar), etc.  
Orange: Carbon cost (million €, EUA =30€) (indirectly effect)  
 

There are also some of 24# categories in this graphic (Figure 7). Cement sector is the biggest one between these 
24# sectors (Table 2). 
 

Table 2. Sector list in Figure 5 [8]. 
Sectors 
1.Agriculture 6.Paper 11.Machine 16.Transportation 21.Finance 
2.Mine 7.Oil 12.Automotive 17.Airline 22.Tourism 
3.Food 8.Chemistry 13.Electricity 18.Mail 23.Education 
4.Textile 9.Cement 14.Construction 19.Accommodation 24.Health 
5.Other 10.Iron-

Steel 
15.Retail 20.Service  

 
Scenario-A: Total carbon cost also defines with two categories sum in all sectors. It is 1085 million € (Table 3). 
Scenario-B: Total carbon cost also defines with two categories sum in all sectors. It is 1809 million € (Table 3). 
 
Scenario-A: If the tax per ton (EUA) is 30 Euros, 478 million Euros - 1085 million Euros  
Scenario-B: €797 million – €1809 million even if the tax per tonne (EUA) is €50 
Total carbon pricing with two categories (1, 2) in all sectors are shown in Table 3. 

 
Table 3. Total carbon pricing with two categories (1, 2) in all sectors. 

 Scenario-A Scenario-B 
Categories Million € Million € 
EUA € 30 50 
1 478 797 
2 607 1012 
1+2 1085 1809 

 
Derived by the author, taken from the relevant source [8]. 
 
GDP (billion TL) graphs for 30 and 50 categories with 2018 price in Border Carbon Regulation (BCA) is given 

by figure below (Figure 8). 
 

 
Figure 8. 3# GDP (billion TL) * graphs for 30-50-Base categories with 2018 price in Border Carbon Regulation 

(BCA) [8]. 
 

Total Carbon (CO2) Emission graphs (million ton) for €30- €50-Base categories are given in Figure 9. 
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Figure 9. Total Carbon (CO2) (million ton) Emission graphs for 30-50-Base categories [8]. 

 
 
 

4. Results  
 

The study focuses on issues such as the results of environmental pollution created by the cement sector on a 
sectoral basis for international trade. It examines the affections of sectoral environmental pollution on the 
economy and its reflections on carbon pricing at the border and make predictions about the near future. 

For the EU, since carbon regulation will partially shift production abroad, it is a loss of production and 
employment. However, when the sectors that must reduce emissions in the EU go abroad, this obligation will not 
be eliminated, so they will be able to keep their current emissions at a global level and keep them low (carbon 
leak). In an analysis, the weighted effects of the sectors on each other were also discussed with a network structure 
modelling [8]. The effects of the regulations in Turkey were also analysed numerically with this modelling.  

The data will also be fully equipped with time in concrete and relational context in time. As can be foreseen 
from field examples in Turkey, the general situation is quite thought provoking. Especially in recent years, 
increased immigration from rural areas to metropolis continued to develop rapidly and irregularly. 

On the other hand, measurement processes are rapidly approaching according to EGC criteria. Countries that 
supply products from Turkey to abroad will also comply with EGC criteria. In 2023, carbon footprint calculations 
will be started at 2023. Activities are known to be evaluated in this context. For example, wastewater, renewable 
energy etc. Therefore, the concrete and accurate measured documents will be revealed. First, models based on 
these measurements should be determined. 

It is a fact that tax items to be paid for carbon emissions have also begun to gain visibility. For this purpose, the 
institutions, and organizations of the state acted (Ministry of Commerce and so on). 

The action plan was prepared and published. In this process, the stakeholder institutions and their related tasks 
need to become clear. Thus, the relevant activities will be executed within the areas of more definite responsibility. 
 
 

5. Discussion 
 

EU-Green Deal (GD) is aimed: 
• Don't leave anyone behind. 
• Financial support. 
• New targets and investments. 
• Alignment with EU climate policies. 

 
Today is entered into a smart transformation process. After the EGC approval, this interaction should be 

increased through the existing trade with the EU. Therefore, digital transformation approaches should be 
confirmed and verified. This transformation in institutional structures started in the 2000s and continues to 
increase to the present day. 
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What should be done? 
• Smart approaches will be very important. 
• Realism and analysis of country realities will be at the forefront.  
• Follow and adapt developments  
• Constantly re-evaluating opportunities and threats  
• Recognize and better use flexibility mechanisms  
• Developing new scenarios by prioritizing national interests 

 

6. Conclusion  
 

The need to increase global efforts for a sustainable world by all stakeholders at all levels has become 
increasingly evident in recent years. The reflections of the social and economic crisis created by the COVID-19 
pandemic in 2020 further reinforced this process. In the recovery period after the COVID-19 crisis, the building of 
a sustainable and inclusive global economy is the priority agenda of the international community. In addition to 
all these, it is seen that an increasing number of international companies and investors are aiming to accelerate 
the transition to a low-carbon, green economy by determining green transformation roadmaps. Among these 
initiatives are the Zero Emission Race [9], to which 1397 companies and 74 investors have participated under the 
umbrella of the United Nations, and RE1002 (Renewable Energy 100) [10], to which 280 companies have 
participated. The research is important in terms of illuminating the critical points of the compliance process of the 
EU Green Consensus on the reflections of our country. 

Capacity increases in all action categories in developing commercial activities in the world and Turkey are also 
highly evident. This complexity of commercial processes is increasing. Recent commercial processes have also 
made mixed professional groups stakeholders. This constantly increases the interaction between stakeholders. 
Therefore, the coordination of processes must be facilitated by utilizing information and communication 
technologies. 

Problems with the issues drawn in the study can only be overcome by effective and timely plans. The difficulties 
arising from increasing competition in international trade are the most important of these problems. For this 
purpose, Turkey's economic planning, public administration and politics were required to start making new 
moves.  

Other technical details exceeding the boundaries of the work will be the subject of recent studies. 
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 Agriculture is a key sector in the global economy, and crop yield is a primary element in 
this field. Its estimation represents a troublesome task considering its link to market 
planning. Different techniques have been tested to estimate crop yield. However, they 
present several limits in terms of human effort and time. The agricultural world is now 
experiencing a digital revolution, for example the utilization of UAV (Unmanned Aerial 
Vehicle) provides high-resolution images of crops. Besides this, artificial intelligence 
techniques namely, DL (Deep Learning) enables today a revolution of the flow processing 
and improves the resulting information. This paper presents a case study of wheat yield 
estimation in Morocco using UAV multimodal remote sensing data and 3D CNN (3D 
Convolutional Neural Network). Our data was acquired during the growth season, and 
predicted yield was compared to in situ data. Based on our results, the RMSE value was 
0.175 qx/ha. Our conclusions highlight the efficient role of convolutional neural network 
in capturing features in raw image data and the importance to improve resulting 
predictions by acquiring data over the entire period of growth, and the necessity to 
choose a temporal architecture, which is able to process temporal variations. 

 
 
 
 
 
 

1. Introduction  
 

Agriculture provides food, fuel, and natural substances, which are all fundamental for human life [1]. To meet 
this demand, farmers and policymakers are working hard to improve crop yield. Despite the existence of many 
possibilities of cropland extension [2], the accentuation ought to be on increasing the production within the actual 

agricultural lands to avoid harmful effects on the environment. Recent advances in sensor technology have 
infiltrated agriculture, so different remote sensing systems are now available and allow generating data and 
providing relevant results to optimize a variety of agricultural products. These systems provide temporally 
relevant spatial data on land surfaces at  different scales [3]. Generally, the main objective of precision farming is 
improving the quality and optimizing the production processes of crops [4] and this by reducing environmental 
pollution and costs. The utilization and application of new technologies has resulted in a transformation of crop 
management from a qualitative science based primarily on observations to a more quantitative science based on 
measurements, including a variety of production factors such as soil, climate conditions, and irrigation 
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management, that all have a significant impact on potential yield and growth, leading to the optimization of 
agricultural production. Total population is estimated to be more than 9 billion by 2050 [5], also current 
agricultural yields should increase up to 50% per unit in order to ensure food security. So as to achieve food safety 
and security, several stakeholders including national and international authorities, farmers, and other business 
units, expressed appreciation for timely and reliable information about crop management, production, and yield 
[6]. 

For a long time, yield squares have been among the conventional techniques for estimating agricultural yield. 
The principle of this method is the exploitation of a sample with square geometric shape which is placed at random 
in a plot to count all the plants that are in it [7]. To lay these squares, we determine the area of the plot as well as 
identify diagonals and location of samples. For a plot of minimum 1ha, each diagonal must have 5 plots while 
avoiding the edges, whereas plots having an area of less than 1 ha, it is necessary to place 2 to 3 squares per 
diagonal, without having less than 4 squares in total. In the end, to calculate the yield using the square, we divide 
the total amount of harvest weighted by the area of the considered yield square. Crop models aim to simulate the 
growth of agricultural crops [8]. They can work at different scales and help replicate key plant growth processes 
as well as the development in detail, and could therefore be used to determine crop yield [9] without forgetting 
the quantification and impact of individual factors in determining agricultural yield. To make future estimates and 
determinations, statistical models have been mainly used to develop an empirical relationship, combining a large 
number of current season yield characteristics with historical yield data [10]. More than a linear regression 
approach for predicting crop yield has been developed and used by studies dealing with estimating crop yields. 

Remote sensing has facilitated crop monitoring by providing continuous data over large areas [11]. It offers the 
advantages of non-destructive, rapid and more profitable surveillance [12]. Satellite systems such as Sentinel and 
Landsat provide temporally interesting spatial data on visible land surfaces at very large scales [3]. Even though 
satellite images have been used extensively in estimating crop yield, we are facing many issues that still require 
resolution. For example, satellite images with high spatial and temporal resolution are rarely obtained at the same 
time [12], and sometimes it is not possible to obtain valid data during the critical phase of growth due to bad 
weather conditions. Remote sensing is now witnessing the expansion of UAV systems that have been rapidly 
developed and applied in the estimation of crop yield at the farm-scale over the past few years [13]. UAV platforms 
provide a cost effective and efficient way to meet the increasing demands of spatial, temporal and spectral 
resolution. Unlike satellites, Unmanned Aerials Vehicles are able to carry sensors at low cost and operate on very 
flexible schedules [14]. Drones data have been widely tested for agricultural monitoring of sugarcane, sunflower, 
soybean and triticale [12], as well as for forecasting yields of rice, wheat [15] and barley. Remote sensing sensors 
mounted on drones include RGB, NIR and multispectral cameras. With the advancement of imaging technology, 
hyperspectral cameras have gradually been equipped on drones to acquire remote sensing data which will make 
it possible to obtain more spectral bands and precise spectral information, and consequently improve the 
precision of the monitoring. 

In recent years, deep learning has proven to have a significant advantage in agriculture, especially in estimating 
yield. Mu et al. [16]  reported that deep learning, specifically the convolutional neural network, has the ability to 
extract specific characteristics of crop growth, and used it with multitemporal MODIS (MODerate resolution 
Imaging Spectroradiometer) data to predict winter wheat yield. Their results showed that winter wheat yield 
based on remote sensing time series images correlates strongly with yield, having Pearson R and RMSE values of 
0.82, 724.72 kgh.m-2, they conclude that CNN represents an essential technical reference for the large-scale crop 
yield while Wang et al. [17] estimated the winter wheat yield using LSTM (Long Short-Term Memory) networks 
for meteorological data with AVHRR (Advanced Very High Resolution Radiometer) inputs and convolutional 
neural networks for static soil characteristics inputs. Their model performed well, with an overall R2 and an RMSE 
of 0.77 and 721 kg/ha, respectively. Garcia et al. [18] determined corn yield using UAV images with different 
multispectral vegetation indices, RGB, canopy cover and plant density in a multilayered perceptron model, their 
results demonstrated that neural networks had a high correlation coefficient and the spectral data collected by 
remote sensors mounted on UAV and processed into vegetation indices, canopy cover and plant density data is 
extremely useful and have more sense for agricultural characterization and estimation. Other authors tested deep 
learning approaches to predict rice yield, for instance Yang et al. [19] explored the ability of high resolution RGB 
images from drones with convolutional neural network and a new deep learning architecture with deep feature 
decomposition. Results demonstrate that the proposed network is more robust than the network without in-depth 
decomposition of the characteristics.   

Through our study, we want to focus on methods for an intelligent estimation of agricultural yield, and present 
a case study carried out in Morocco, especially to estimate wheat yield, and the precision application of artificial 
intelligence, more particularly CNN architecture. Our study will present the results of 2D (two-dimensional) CNN 
applied to multispectral UAV data acquired during the season, and propose another architecture that can explain 
more yield variability, which is the third dimension of convolutional neural network. 
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2. Material and Method 
 

In this section, we will present the area where our study was conducted and the main steps of our 
methodological workflow, starting from the UAV used for our acquisition, the followed methodology, and a 
description of the deep learning architecture used and our proposed model with its different layers. 
 

2.1. Study Area 
 

Our study area is located in the heart of Morocco, more precisely the region of Rabat Sale Kenitra (34°02′N, 
6°50′W), which is known for its cereal production. It is one of the best-ranked regions for the annual production 
of this type of crops. 

This region has several important natural resources, in particular those of the forest, in this case we have the 
Maamora forest, as well as an activity and a large-scale agricultural sector. it alone holds almost 11% of the useful 
agricultural area of the country with a greater contribution to the national cereal production. Figure 1 indicates 
the location of the considered region in Morocco country. 
 

 
Figure 1. Localization map of the study area 

 
 

2.2. Data acquisition and processing 
 

Our study focused on estimating wheat yield in Morocco by exploiting remote sensing data. We started our 
methodology by acquiring UAV imagery with a HAGL (Height Above the Ground Level) of 60 m, and the processing 
of resulting images, then the extraction of necessary informations. Ground field yield collection was done, with a 
view to calibrating the model. The use of deep learning is especially proposed to capture the non-linearity that 
exists between yield data and predictors; in particular, convolutional neural network is proposed to process and 
extract features from our input images. A detailed methodological diagram is presented in (Figure 2). Remote 
sensing data was collected by a multispectral drone during the growth period, a single flight was performed, and 
a total of twenty plots were captured. All the plots considered in our study include wheat. Multispectral data was 
generated using the eBee Classic with MultiSPEC 4C as a camera, it is a special drone developed for precision 
agriculture (Figure 3). Almost hundred images covering all the plots have been acquired. Data processing was done 
in Pix4Dmapper, which allow us to generate orthomosaics by spectral band and also DSM (Digital Surface Model), 
and other special products especially for precision agriculture, for example reflectance maps and vegetation index 
maps.  

https://geohack.toolforge.org/geohack.php?pagename=Rabat-Sal%C3%A9-K%C3%A9nitra&params=34_02_N_6_50_W_region:MA-02_type:adm1st
https://geohack.toolforge.org/geohack.php?pagename=Rabat-Sal%C3%A9-K%C3%A9nitra&params=34_02_N_6_50_W_region:MA-02_type:adm1st
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Figure 2. Methodological workflow of our study 

 

 

 
(a) (b) 

Figure 3.  (a) eBee Classic UAV. (b) MultiSPEC 4C camera used 
 

 
 

Figure 4. Shape of extracted plots 
 

 
2.3. Convolutional neural network model 
 

Artificial intelligence is an emerging technology that makes it possible to imitate human intelligence. It is based 
on the creation of applications and executable algorithms in computers and dynamic environments. It also makes 
it possible to meet a main goal, which is making computers able to act like human in terms of decisions in front of 
a special task. 
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Figure 5. Artificial intelligence, machine learning and deep learning [20] 

 
Machine learning is a branch of artificial intelligence that allows computers to solve tasks without having to be 

programmed in detail. 
Deep learning another field of AI (Artificial Intelligence) is a sub-branch of machine learning, and a particular 

form of ANN (Artificial Neural Networks) which has the particularity of being deep [21]. It is generally composed 
of an input layer, two or more hidden layers and an output layer. Figure 6 shows us the structure of this 
architecture. Here the depth is represented by the number of hidden layers. DL is one of the fields that have shown 
a great revolution through the different architectures, in particular convolutional neural networks [7], recurrent 
networks [22] and other more advanced architectures [23]. 
 

 
Figure 6. Deep Neural Network architecture [24] 

 
The convolutional neural network architecture is one of the very advanced revolutions of this technology. 

Indeed, it allows an extraction of what is called features from images. A CNN model mainly comprises several layers 
of different natures namely [25]: 

 
Convolution layer: which perform convolution operations on the input images and generate nonlinear 

activation maps.  
Pooling layer: which aim to decrease the size and dimensions of the feature map and keep the main changes 

from feature maps. It is much more a compression role of this layer. 
Flatten layer: A flatten layer has the role of creating a one-dimensional output from its inputs, and this to allow 

its use by the next layer which is the fully connected layer. 
Fully connected layer: This layer is placed at the end of the CNN architecture; it allows to generate results 

relating to the tasks of classification or regression on the basis of its inputs. 
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Figure 7. (a) Convolution layer (b) Pooling layer (c) Flatten layer [26] 

 
3D convolutional neural network is an architecture generally characterized by a capacity for processing both 

spatial and temporal data [27], and this thanks to the addition of a dimension allowing the processing of time 
series. Using three-dimensional filters, 3D CNN performs a convolution on images while considering their 
appearance in different temporal resolutions. In the case of a 3D CNN architecture, the results are 3D maps, which 
will be the input of the next layer of pooling as in a simple convolution neural network. Figure 8 shows us this 
architecture. 
 

 
Figure 8. Convolutional neural network architecture used (modified from [28])                                         

 
For the parameterization and the configuration of our convolutional neural network, we worked on the 

environment of jupyter. We used two convolution layers, each of them is connected to a max pooling layer, then 
an average pooling layer was used, and finally flatten and fully connected layers. The first convolution layer has 
32 kernels while the second one has 64. The activation function used was ReLU (Rectified Linear Unit), and for the 
last layer we chose a linear function, since we are dealing with a regression application. 
 

3. Results  
 

In this section, we will present the results of an intelligent approach based mainly on the use of high-resolution 
aerospace images, particularly data from a multispectral camera. We will also present the results of crop yield 
estimation using the red edge spectral band, which is well-known for its sensitivity to agricultural applications, in 
particular those related to the estimation of crop yield. It often improves the results of processing [29]. Results 
presented in the following paragraphs concern the convolutional neural network architecture, more particularly 
the second dimension, and this given the availability of aerospace images of a single phenological stage. We were 
able to implement our deep learning model by using python programming language with its various libraries. 
Figure 9 shows us the variation of the loss function related to training data with increasing epochs. The agricultural 
yield estimates established by our convolutional neural network were compared with the results of yield values 
estimated by in situ methods. The generated RMSE was 0.175 qx/ha and the coefficient of determination was 0.4. 
Table 1 shows us the in-situ values and the predicted values. Our results confirm that a deep neural network is 
able to predict yield even before harvest and this by using non-destructive methods that can help farmers to obtain 
informations about their crops and their production. 
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Figure 9. Variation of the loss function of our convolutional neural network 

 
Table 1. Estimation results of DL model compared to in-situ data 

N° plot 
Difference between actual and predicted yield 

(Qx/ha) 

1 0.34 

2 2.11 

3  3.78 

4 3.44 
5 5.14 
6 4.46 
7 1.61 
8 14 
9 12.73 

10 1.57 
11 19.24 
12 7.27 
13 4.94 
14 8.89 
15 0.53 
16 14.11 
17 4.31 
18 4.06 
19 0.06 
20 4.66 
21 0.11 
22 2.07 
23 3.78 
24 3.66 
25 5.54 
26 4.78 

 

4. Discussion 
 

Through our study, we focused on estimating agricultural yield, more specifically that of wheat in Morocco. we 
opted for aerospace imagery first, for its ease of acquisition as well as the spectral and also the spatial richness it 
provides. Our study focused on the spectral band of the red edge from a multispectral camera, as long as it presents 
a great importance in remote sensing of agricultural crops, particularly with regard to the classification but also 
the prediction of physical and biological parameters of crops.  

We have also chosen to manipulate our images by using deep learning, and this in order to capture all the non-
linearities that may exist between our input data and the resulting output. Regarding the chosen architecture, we 
have opted for convolutional neural networks. It is one of the most powerful architectures that have revolutionized 
the deep learning field, given their ability to process unstructured data, including images. 

The two-dimensional CNN architecture and drone images acquired only during one stage of the growth period 
were used. This explains on the one hand, the value of the correlation coefficient which was about half. We can say 
it was due mainly to the fact that, plants during the same growth period can have the same spectral characteristics, 
and other variations will appear and exist after the date of acquisition of our images. Moreover, choosing plots that 
are close and do not have a great variability explains the point of having very similar estimates by the model.  

All this leads us to propose new possibilities for improving the results of this study, these are mainly: 
* Using several spectral information describing a specific agricultural crop. 
* Identifying more information of different natures and which can enrich the developed model, in particular 

texture information. 
* Using drone images acquired throughout the wheat growth cycle to allow a detailed description of the plants 

and their yield as a result. 
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* Using deep learning architectures that allow capturing both spatial and temporal variations and, in this sense, 
3D CNN is one of the architectures that can respond to this point. 
 

5. Conclusion  
 

This study explored the precise estimation of agricultural yield by exploiting remote sensing imagery. Our 
methodology is mainly based on acquiring images from multispectral UAV sensor, more precisely the red edge 
spectral band and ground field data, and this in the middle season of growth. We chose to obtain our data in the 
region of Rabat, which is a well-known territory for its annual wheat yield production. Our project was focused on 
exploring the convolutional neural network architecture as an algorithm to process spatial variations. Our results 
highlight the importance of such architecture in capturing features from raw image data and before harvest. 
However, more input images should be considered and this by acquiring data over the entire period of growth and 
not only in one stage. Furthermore, more advanced architectures should be used, namely temporal networks, 
which will process different aspects and specificities of an agricultural crop. Based on this, in our future work, we 
will apply similar architectures for estimating the yield of wheat and also other crops. 
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 Retaining structures, which are utilized as a solution to meet the horizontal soil 
pressures between two different soil levels, have a very common usage area in 
geotechnical engineering. Gabions, which have found application with the developments 
in material production and coating technologies, are also applied as a type of retaining 
structure. Gabions, which are especially economical and environmentally friendly 
solutions, are engineering structures with many advantages. Gabion structures are built 
by placing these baskets in a specific order and these structures are used in many 
applications of civil engineering like retaining walls in highways, railways, erosion 
prevention, slope stability, stream bed improvement, shoreline survey, bridge approach, 
etc. In this study, gabion-type structures and their main application areas, advantages, 
design criteria, and comprehensive literature summary are given. 

 
 
 

1. Introduction  
 

The stability problem due to lateral soil loads between distinct soil levels is a widespread problem in civil 
engineering. Structures that connect these different soil levels by keeping them stable against the horizontal soil 
pressure created by static or dynamic loads are defined as retaining structures. Although there are a lot of types 
of retaining walls, gabion walls have been commonly begun to utilize in many applications of geotechnical 
engineering around the world. Gabion walls are preferable to stone retaining walls whose materials cannot be 
obtained easily, labor costs are high, and performance in the case of earthquakes is low. As the gabion has a cellular 
structure, these gaps fill with soil naturally over time. Also, it is possible to green gabion baskets artificially by 
adding bio textiles.  Gabion structures are eco-environment friendly structures thanks to vegetation formation and 
are durable to environmental impact. 

Gabion is originally an Italian word that means big cage. A gabion basket is a rectangular cage obtained from 
hexagonal double-twisted and zinc-coated steel wire mesh and filled with stone or rock of certain size and 
mechanical characteristics. Gabion structures are built by placing these baskets in a specific order and these 
structures are used in many applications of civil engineering like retaining walls in highways, railways, erosion 
prevention, slope stability, stream bed improvement, shoreline survey, bridge, or tunnel approach, etc. Gabion 
baskets adopted in composing the retaining wall have been seen as commonly utilized for different purposes 
according to historical ruins or structures from past to present. Gabions were primarily employed along the Nile 
River in 5000 BC in Egypt and along the Yellow River in China in 1000 BC, protection against coastal floods. Gabions 
were constructed as temporary walls for military purposes during Roman times and as a foundation for San Marco 
Castle designed by Leonardo Da Vinci. A gabion design was created by Egidio Palvis (1880–1929), one of the 
engineers of the Royal Union of Civil Engineers of Italy. The application of the gabion retaining wall, which is 
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accepted as the first engineering design, was made by the Maccaferri company in 1893, with sack gabions in the 
Reno River in Italy [1] (Figure 1).  
 

  
Figure 1. History of gabion structures [1] 

 
Some of the analytical and experimental studies of gabion structures are tabulated as a literature review in 

Table 1. 
 

Table 1. Literature review of gabion wall 
Study Explanation 
Flexible gabion structures in earth-
retaining works [2] 

The mechanical behavior of the gabion basket under the load and calculations of 
the gabion retaining wall were given in the study conducted by Agostini and 
Maccaferri which was thought of as the first experimental investigation. 

Analytical study for the stability of 
gabion walls [3] 

The effects of parameters such as wall height, wall inclination, the slope of 
backfill, and surcharge load on the stability of the gabion retaining wall were 
examined analytically for different values of the parameters. 

The stability of gabion walls for earth-
retaining structures [4] 

The durability of the gabion wall against lateral loads, which is used effectively to 
prevent erosion in flood areas, was investigated experimentally in terms of 
gabion wall basket arrangement and gabion basket geometry change. 

Settlement behavior of new reinforced 
earth retaining walls under loading-
unloading cycles [5] 

Elastic and plastic deformation for different types of reinforced soil structures 
under load was examined experimentally by exposing the loading-unloading 
cycle at different loading values. 

Dynamic deformation behavior and life 
analysis of green reinforced 
gabion retaining wall [6] 

Lateral and vertical deformation behaviors of green reinforced gabion retaining 
walls were investigated experimentally by imposing the dynamic loads with 
different frequencies and amplitudes to be able to estimate fatigue damage and 
fatigue life with train load and speed. 

Multibody modeling of gabion beams 
for impact applications [7] 

Shear and bending deformation for a multibody of gabion blocks which are likely 
to be used as a roadside impact absorption device were investigated 
experimentally and analytically. 

Failures of gabion walls [8] It is a review study which is presented failures and defects of gabion walls due to 
failure types like bulging, corrosion, stone erosion, backfill cracks, or erosion 
foundation soil obtained by observing walls in different sites. 

Investigation of design criteria for the 
type of gabion walls [9] 

The effect of parameters like the wall height, base length, angle of internal 
friction, wall angle, and backfill slope on the gabion retaining wall design was 
investigated analytically based on statistics. 

Optimization of a slope-stabilization 
system combining gabion-faced 
geogrid-reinforced retaining wall with 
embedded piles [10] 

A gabion-faced geogrid-reinforced retaining wall system has been applied for the 
protection of the road against slope stability and parametric studies of the height 
of the slope, the ratio of the embedded length of the pile to the thickness of the 
unstable soil layer, and the ratio of the spacing to the diameter of the pile have 
been performed for the optimum slope stabilization infrastructure. 

Numerical modeling of gabion retaining 
wall under loading and unloading [11] 

A real-scale gabion retaining wall with a 4.5m wall height was analyzed using the 
finite element method under the effect of water pressure in a loaded-unloaded 
case and its crest displacement was measured for comparing the experimental 
one. 
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2. Material and Method 
 

Today, the necessity of constructing new highways and railways for passenger, freight transportation, or 
individual use has come to the fore under the influence of the increasing population and developing technology. 
Structures such as tunnels, viaducts, and bridges are widely used in transportation, especially in covering large 
distances in a short time because it allows for crossing great mountains and wide valleys. To serve safely this kind 
of road structure, it should be designed according to the possible dangers on the route like landfall or rockfall. In 
this scope, retaining structures that resist the lateral soil loads which are occurred in different soil levels are widely 
used in applications of filling and splitting works, deep excavation, slope stability, approach fill of tunnels, bridges, 
viaduct foundations, etc. In Figure 2, some of the applications for retaining structures are demonstrated. 
 

 
 

 
 

 
 

Figure 2. Retaining structures applications [12] 
 

Gabion retaining walls which are retaining structures are an alternative and economic solution since they 
provide gabion basket filling material from the quarry or environment close to the site area and are a factory-
produced material. Although it is possible to construct retaining walls as different types like stone, concrete, or 
reinforced concrete retaining wall, gabion retaining walls are more advantageous in terms of many criteria like 
flexible structure, economic, easily buildable, no needing drainage precaution, adaptive with the natural, durable, 
eco-friendly, and so on. Gabion retaining walls are favorable more than the other type of retaining walls (gravity) 
as the others require excess labor and manufacturing costs and periodical maintenance to prevent engorged. Also, 
tolerance of occurring failure due to a different settlement of soil is more acceptable for gabion retaining walls 
according to other retaining wall types. As gabion retaining walls are flexible in various settlements of the 
foundation soil and do not require an additional drainage system, thanks to their hollow structures, using these 
walls is advantageous compared to other retaining wall types. Gabion walls are economical as qualified workers 
are not necessary for assembling the gabion baskets packed and transported from the factory. Gabions are eco-
friendly as allow the growth of vegetation and release less carbon dioxide into the atmosphere for transportation 
from the factory to the site and during construction, as well. 
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The comparison between a gabion retaining wall and other retaining walls like concrete or gravity retaining 
walls is tabulated in Table 2.  
 

Table 2. Comparison of retaining walls [13] 
Comparison Gabion retaining wall Other retaining walls 

Flexibility  flexible rigid 
Cellular structure has has not 

Drainage precaution  is not necessary is necessary 

Employment cost low high 

Time can be constructed in a short time takes a long time to construct 

Settlement adapts to different settlements does not tolerate different settlements much 

Environmental impact suitable for vegetation growth not compatible with the environment 

Weight of the wall light heavy 

 
3. Applications of Gabion 
 

Gabion baskets have been produced by using zinc-coated steel wire mesh covered with PVC, galvanic, galfan, 
polymer, etc., and double-twisted in various hexagonal aperture sizes (Figure 3). As the abovementioned cover of 
wire mesh provides resistance to environmental conditions, the gabion retaining wall has a long life like 30-100 
years depending on covering materials compared with other types of retaining walls. Gabion baskets, which have 
a specific geometric form, are filled with small rocks and stones having suitable mechanical properties. 
 

 

  
Figure 3. Gabion basket and wire mesh coating [12] 

 

Gabion products like baskets, mattresses, sacks, or wire mesh have been commonly utilized in retaining walls, 
highways-railways, prevention of erosion, sediment transportation in rivers, falling rock or stone from slopes, 
remediation of a stream bed, shore protection as a breakwater, supporting of slopes, approach fill of tunnel and 
bridge and so on. Gabion products like baskets, mattresses, sacks, or wire mesh have been commonly utilized in 
retaining walls, highways-railways, prevention of erosion, sediment transportation in rivers, falling rock or stone 
from slopes, remediation of a stream bed, shore protection as a breakwater, supporting of slopes, approach fill of 
tunnel and bridge and so on. Gabion types like the basket, the mattress, the sack, and their different engineering 
applications are demonstrated in Figure 4. 

The gabion structure which is widely used as a retaining wall is obtained by placing the gabion baskets of 
appropriate sizes in a certain order and connecting them to each other with suitable fasteners (Figure 4.a). Thus, 
soil which prone to lateral expansion is kept with a gabion retaining wall, and possible soil slipping problems solve 
on a natural or artificial slope near highways and railways. Gabion wire mesh is used to prevent the damage of 
large stones and rock fragments from natural slopes to the living creatures and structures in the vicinity. Since the 
wire mesh limits the movements of the rocks and ensures that the broken pieces are collected at the top of the 
slope, it creates a precaution against possible damages that may occur in the environment (Figure 4.b). The gabion 
mattress is an important and environmentally friendly alternative in the erosion solution to the desertification 
problem, which is encountered due to the movement of the soil mainly by the effects of rivers and seasonal 
precipitation (Figure 4.c). Gabion baskets are used in the bridge or tunnel approach to provide proper route in 
highways and railways (Figure 4.d). In contrast to reinforced concrete structures, mattress gabion is widely used 
in stream bed improvement.  It is less damaged by hydraulic forces thanks to its flexible and hollow structure and 
is constructed quickly. In this way, it prevents the erosion and scouring of the riverbanks and ensures a smoother 
flow of the riverbed (Figure 4.e). 

https://tureng.com/tr/turkce-ingilizce/cellular%20structure
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a 

 
Embankment Manufacturing of Kozcağız Dam-Gabion Basket with Terramesh System [14] 

b 

 
Rock Barrier and Steel Grid Application of Kavşakbendi Project- Gabion Wire Mesh [15] 

c 

Application of Reno Mattress for Slope Erosion Prevention within the Scope of Ankara-Istanbul 2nd Stage 
High-Speed Train Project [16] 

d 

 
Construction of Terramesh System Retaining Wall within the Scope of Ankara-Istanbul 2nd Stage High-

Speed Train Project [17] 
e 

 
Turkey, Astaldi Bolu Mountain Crossing Stream Bed Improvement Work for the Protection of Viaduct 

Foundations with Gabion Basket Reno Mattress [18] 
 

Figure 4. Type of gabion products and some applications 
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4. Design Criteria 
 

When the retaining wall with the gabion retaining wall are compared, it is commented that the gabion retaining 
wall is more flexible and is more reliable with its performance on different settlements and against earthquake 
loads. In design of gabion retaining wall design criteria is differ from conventional retaining wall. The design 
criteria of the gabion retaining wall have been presented as the following [12]; 

Stability check: In the design of the gabion retaining wall, it is necessary to inspect the structure in terms of 
stability problems caused by lateral soil pressure and perform a check of safety factors of sliding, overturning, 
bearing capacity, and slope stability according to proper safety factor limits  in literature [19]. The active horizontal 
soil pressure coefficients according to Rankine [20] or Coulomb [21] theory etc. that are effective in the design are 
determined. 

Backfill material: Due to the permeability of the gabion retaining wall, soil type is used in a wider area as 
filling material. While clayey soils that swell with water are not preferred as the backfill of the other type of 
retaining wall due to no possibility of draining the water in the reinforced concrete retaining wall, it is not a 
problem for backfill of the gabion retaining wall. Backfill soil is selected by evaluating factors such as the proximity 
of the place where the gabion retaining wall will be built to the quarries, the groundwater situation, and the 
excavation area. 

Foundation soil: After the examination of the ground on which the gabion retaining wall will be built, the 
engineer designing the foundation should consider criteria such as soil bearing capacity, wall dimensions, drainage 
condition and ground settlement condition. During the preparation of the foundation, the upper ground is 
excavated until the solid load-bearing ground is reached and the foundation is formed with granular stone material 
in layers of 15-45 cm to increase the bearing capacity and reduce different settlements. Depending on the condition 
of the soil and the construction area, in some cases, the foundation is prepared by compressing the filling material 
with a compression ratio of 95%. 

Backfill soil: By compression of the backfill soil placed behind the gabion retaining wall, the sliding resistance 
of the soil increases, the swelling-shrinkage behavior is controlled, the compressibility decreases, and the 
liquefaction problem is brought under control. In terms of the long-term performance of the gabion retaining wall, 
the filling material of the backfill soil should have a compression ratio of 95% on the condition that it is placed and 
compacted following local standards. Uncompacted or poorly compacted weak backfill soil may cause horizontal 
wall movement, structural settlement, and insufficient shear strength, reducing wall performance. 

Filling material of gabion basket: Due to the permeability of the gabion retaining wall, soil type is used in a 
wider range for filling material of the gabion basket. Appropriate filling soil type should be placed and compacted 
by considering factors such as the proximity of the place where the gabion retaining wall will be built to the 
quarries, the groundwater situation, and the excavation area. The gabion fills in the hollow structure placed in the 
gabion basket provides free drainage to the ground behind the wall (Figure 5). 

Filter fabric: The gabion retaining wall built without filter fabric placement is dragged on by the effect of free 
drainage, causing the loss of the soil and a decrease in the soil height. Therefore, filter fabric should be used to 
prevent soil loss (Figure 5). 
 

  
Figure 5. Application of filter fabric and permeability of gabion retaining wall [12-13] 

 

5. Conclusion  
 

In this study, the application case, advantages, and design criteria of the gabion structures have been presented 
with literature studies. Gabion structures are solutions for the problems meeting in many areas of civil engineering 
that provide safe, economical, and environmentally friendly. It is thought that the design and construction of 
gabion retaining walls without requiring any drainage measures, especially in soil environments where the 
groundwater level changes with the seasonal effect, will be a solution to the problem of demolition of retaining 
walls. Demolition of retaining wall may be due to the blocking of barbacane which is used for draining the water 
in time when the water accumulated if essential maintenance of the barbacane does not conduct. 



Advanced Engineering Science, 2022, 2, 127-134 
 

133 
 

The design criteria of gabion structures, whose use is becoming more and more widespread today, have not 
been fully developed. The design criteria and software utilized in the current situation are largely based on the 
experimental and analytical results obtained by the research and development studies of the manufacturers and 
the efforts of some researchers. Comprehensive finite element-based analyzes and experimental studies are 
required to fully develop the design criteria of gabion retaining walls, which are distinguished from stone, 
concrete, or reinforced concrete retaining walls with different properties like their porous structure and water 
permeability. 

Consequently, the route can serve safely with reliable and effective gabion applications such as slope support, 
protection against rock or stone falls, tunnel approach filling in highways and railways. In addition, it is possible 
to make gabion structures that serve for many years due to their low cost and environmentally friendly solution. 
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 Today, various methods are used in documenting the cultural heritage with the development 
of technology. However, it is seen that 3-dimensional (3D) documentation technologies have 
some disadvantages. For instance, ground laser scanning techniques are not used widely due 
to their high costs and the expertise required. Although photogrammetry can create point 
clouds with lower costs, it has large data files, which require allocating more time for data 
management.  Within this context, the aim of this study is to present a method, which 
integrates the photogrammetry and virtual reality technologies in order to obtain 3D model of 
a stone building with a reasonable cost and in a short time; and to research the stone material 
deteriorations over the 3D model obtained. The study is significant in terms of systematically 
presenting the methods how the material deterioration maps are obtained over the 3D model 
of a stone building in a virtual environment. Mardin Şeyh Çabuk Mosque, which shall be 
investigated as case analysis under the study, was investigated on-site, and 360 degree 
panoramic images were taken related with the building. 3D virtual environment was created 
from the panoramic images on Mozilla Hubs programme, which is an open web-sourced 
platform.  Stone material deteriorations were determined over the model in the virtual 
environment, and determinations regarding the stone building deterioration types were 
entered into the schedules prepared. As a result of the study, it was concluded that the virtual 
3D environment regarding the building can be created from the global panoramic photographs 
with the suggested method on Mozilla Hubs platform, which is an open-sourced website, with 
a reasonable cost and in a very short time; and stone material deteriorations regarding the 
building can be determined easily on this virtual environment.   

 
 
 
 
 
 

1. Introduction  
 

Stone buildings are the works of art that occupy the largest ratio in cultural heritage field in the world. However, 
the stone buildings are defaced by being exposed to various impacts [1-4]. The types of stone material 
deteriorations are classified and mapped under various names from past to present in literature. For this purpose, 
documents were presented in order to establish standard methods for investigating the stone material changes 
and tracking the interventions carried out in stone material conservation field in also various countries, primarily 
in Italy.   

The most important of these documents is the Italian Standard Normal 1/88, which was published in Italy in 
1990 and is called "Alterazioni macroscopiche dei materyali lapidei: lessico" that may be used in mapping the 
stone deteriorations. Each of 27 terms provided in this dictionary was shown with photographs and a graphical 
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schedule [5]. Another document is a document written by Jose Delgado Rodrigues, which is consisted of 26 terms, 
intended for the terminology of stone deterioration forms on monuments, and was created within the framework 
of ICOMOS Stone Committee’s Petrography Group. This suggestion, was used as a base to publish a dictionary in 
Portuguese in 2004, which includes short definitions, including the terms related with stone, masonry and plaster 
deteriorations and each term is linked with a graphical table [6]. Another illustrated document, which was written 
by Fitzner et al. [7] and updated by Fitzner & Heinrichs in 2002, classifies the deterioration models per type and 
intensity. “Verein Deutscher Ingenieure” is a list of German terms comprised of 14 terms together with the 
definitions and drawings meaning Union of German Engineers [8]. As in the Italian Standard and in Fitzner’s 
system, it has presented a suggestion for the graphical representation of deterioration models. Another document 
is an illustrated dictionary drawn up by Queen's University of Belfast (England), which is consisted of 30 terms. 
On its website (http://www.qub.ac.uk), comprehensive segregation characteristics, which both include the 
deterioration models of the monuments and refer to the anthropogenic damages, are presented. In 2008, with the 
‘ICOMOS-ISCS: Illustrated glossary on stone deterioration patterns’, which was published by ICOMOS, ICOMOS 
International Scientific Committee of Stone (ISCS) has created a scientific language on stone deterioration 
incidents and processes [9]. 

Various countries, institutions, and authors made various classifications on the types of deteriorations over the 
years in order to ease the determination of stone material deteriorations as explained. Based on these documents, 
the method of material deterioration mapping on the buildings has been used in many studies in literature over 
the years, and its positive contribution into the determination of material problems is known [7, 10, 11, 12-17]. 
However, many of these studies emphasize that the studies, which document the stone material deteriorations as 
3-dimensional (3D), are needed to diagnose the stone material deteriorations, which vary in geographic areas [12, 
18-19]. Franković et al. [12], which is a significant example, have compared the stone material damage maps 
carried out on Belgrade Castle, and demonstrated that deterioration type damage maps, which are prepared in 
detail, are important diagnosis instruments in restoration projects, and it was suggested that the maps, which are 
created utilizing these classifications, must be carried to the 3D environments in future studies. Napolitano et al. 
[19] emphasized that while two-dimensional (2D) mapping is reasonable in terms of time and cost, at the same 
time it has various disadvantages when compared with 3D methods. They have mentioned that the surface 
contamination, which is among the stone material deteriorations seen on a historical building, may be caused by 
erroneous drainage system on the roof of the building or by various factors such as air pollution; it causes failing 
to document the diagnosis of the problem completely, since it fails to demonstrate the link between the damages 
on more than one sides of the building in the determinations made by considering the samplings at standards; and 
the material deteriorations of the buildings must absolutely be documented as 3D, since the 2D documentations 
enable only the treatment of instantaneous symptoms.  

However, when 3D documentation technologies are considered, they have also some disadvantages [20-22]. 
Some technologies such as ground laser scanning techniques are not used widely due to the high costs and 
required expertise [23-25]. Although photogrammetry can create point clouds with lower costs, it has large data 
files, which require allocating more time for data management [26-27]. Within this context, various studies, which 
present methods intended for creating virtual reality environments to close the disadvantages of the gap between 
2D mapping, photogrammetry and laser scanning and to determine the material deteriorations, have been 
conducted in the literature. These studies may be classified under two headings: those produced from 3D models 
and those produced from 360-degree panoramic images. Virtual reality environments, which are produced from 
3D models, are costly, since they require time and knowledge of 3D. However, the virtual reality environments, 
which are produced from panoramic images, have the advantage of creating rapidly. It is seen that the use of global 
panoramic images provides great convenience in 3D documentation procedure to the user in terms of time and 
cost [19].   A significant example by Mah et al. [23] is consisted of the hard data used in creating the virtual tour, 
which is produced for the temple structure built from stone material, global images collected via 360◦  camera and 
2D high resolution images obtained via digital single-lens reflex camera. It is determined that this method is 
advantageous because of increasing the accessibility for heritage practitioners through a 3600 camera, which does 
not require high levels of technical specialty when compared with the other digital and visualization technologies, 
and the relatively low pricing of the 360-degree camera; and facilitating the future practices. Within this context, 
it is seen that besides 2D documentations, 3D documentation is a new and effective way of preserving and using 
culture. It is necessary to combine different techniques to obtain a representation of the historical buildings [28]. 

In summary, today 3D documentation of cultural heritage through digital archiving became a global objective. 
In this respect, use of digital and visualization technologies to document the cultural heritages is increasing [29-
30]. Many of these approaches require the introduction of new data collecting and processing systems [31-32]. 
Remote sensing technologies enable us to model the object without touching it [33-35]. Within this context, the 
aim of this study is to present a method, which integrates the photogrammetry and virtual reality technologies in 
order to obtain 3D model of a stone building with a reasonable cost and in a short time; and to research the stone 
material deteriorations over the 3D model obtained. The study is significant in terms of systematically presenting 
the methods how the material deterioration maps are obtained over the 3D model of a stone building in a virtual 
environment. Mardin Şeyh Çabuk Mosque, which shall be investigated as case analysis under the study, was firstly 
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investigated on-site, and 360-degree panoramic images were taken related with the building. 3D virtual 
environment was created from the panoramic images on Mozilla Hubs programme, which is an open web-sourced 
platform. Stone material deteriorations were determined over the model in the virtual environment, and 
determinations regarding the stone building deterioration types were entered into the schedules prepared. As a 
result of the study, it was concluded that the virtual 3D environment regarding the building can be created from 
the global panoramic photographs with the suggested method on Mozilla Hubs platform, which is an open-sourced 
website, with a reasonable cost and in a very short time; and stone material deteriorations regarding the building 
can be determined easily on this virtual environment. The presented method enables to display a stone building 
as 3D with a reasonable cost and in a short period by eliminating the cost caused by the laser scanning to create a 
3D model and the data burden regarding the 3D point cloud obtained through photogrammetric methods. 
Furthermore, the presented method eliminates the disadvantages of 2D documentation by enabling complete 
documentation of the diagnosis of the material problem on the building, since it displays the link between the 
damages on more than one side as 3D in virtual environment. 

In line with the aim identified, initially information on the building is provided under the study, and in the 
second section the method, which was followed to be able to create the virtual environment of the building, is 
described. In the following stage, images from the virtual environment, which are the findings of the study and the 
determination schedules of material deterioration are provided, and suggestions are made for future studies. 
 
1.1. Location and History of the Building  
 

Şeyh Çabuk Mosque is in Mardin Province, Çubuk Neighbourhood and on the South of the 1st Avenue (Figure 
1). 
 

 
Figure 1. Location of Şeyh Çabuk Mosque within the city 

 
The year of construction of Şeyh Çabuk Mosque is unknown and it has been repaired two times in the 19th 

century. The building has been mentioned as masjid in the 16th century Ottoman records and it is estimated that 
the part on the south of the entrance was tersanctus place. It is estimated that the building has been converted into 
masjid from zawiyah and to a mosque afterwards. The delubrum located within the mosque belongs to Abdullah 
Bin Enes El Cüheyni, who has been the messenger of Mohammed. It is written on the epigraph on its door that it 
has been repaired in 1843. Women’s section, which has a separate entrance, was added afterwards on the North 
side of the mosque. West part of the building has been changed, as the building is under the risk of collapsing 
frequently due to the gap underneath. The women’s section of the building, which was separated in 1967, is opened 
today, and added into the main sanctuary section [36] (Figure 2 and 3). 
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Figure 2. Plan according to the status in November 1967 [36] 

 
1.2. Spatial Characteristics of the Building 
 

In Şeyh Çabuk Mosque, a transverse rectangular plan scheme is seen and the main venue is consisted of two 
naves covered by two barrel vaults parallel to the mihrab wall. The entrance to the building is provided by the 
north-west iwan (space nr. 4) opening to the main courtyard (space nr. 6). The main sanctuary is consisted of the 
spaces nr. 2 and 3, and there is an iwan (space nr. 5), which is used as lumination place today on the North side of 
the building (Figure 3). 
 

  
Figure 3. Plan scheme of Şeyh Çabuk Mosque Ground Floor 

 
 

2. Material and Method 
 

Mardin Şeyh Çabuk Mosque, which shall be investigated as case analysis under the study, was investigated on-
site, and 360 degree panoramic images were taken related with the building. 3D virtual environment was created 
from the panoramic images on Mozilla Hubs programme, which is an open web-sourced platform.  Stone material 
deteriorations were determined over the model in the virtual environment, and determinations regarding the 
stone building deterioration types were entered into the schedules prepared.  

 
2.1. Obtaining 360 degree panoramic images 

 
Initially, 360 degree panoramic images of the buildings were taken with NCTech iris360º Model Panoramic 

Imaging by visiting the building, in order to create the 3D environments (Figure 4).  

 

 
Figure 4. NCTech iris360º Model 

 



Advanced Engineering Science, 2022, 2, 135-146 
 

139 
 

The panoramic images obtained shall be used in 3D virtual environment on Mozilla Hubs, which is an open 
source platform in internet environment (Figure 5). 
 

 
Figure 5. 360 degree panoramic image of Mardin Şeyh Çabuk Mosque taken by NCTech iris360º Model 

Panoramic Imaging Device 

Mozilla Hubs platform is a free platform, which may be accessed by everyone at any place with internet 
connection, and may be used without downloading any software or programme onto the computer environment. 
The buildings are transformed into 3D environments, where the insides can be toured, utilising the feature of 
transforming the panoramic images into 3D environments, provided by Mozilla Hubs platform.  

Furthermore, if it is desired to add other 3D models into the venue, again 3D point clouds may be obtained by 
importing the 360 degree panoramic photograph of the selected building into the photogrammetric modelling 
programme "Agisoft Photoscan", which supports 3600 image infrastructure. The use of these models may be 
downloaded into the environment, which is created through uploading into skechfab open source, which is a 
feature of Mozilla hubs site. In addition, sketcfab is a source, which is open-sourced and in which the individuals 
all around the world may upload their 3D models, and every model created as such and uploaded into sketcfab is 
a data source for the students and other interdisciplinary professions involved in cultural heritage. 

 

2.2. Stages of obtaining 3D virtual environment 
 

First, login in Mozilla Hubs internet site (https://hubs.mozilla.com). Then, ‘Join Room’ tab is clicked on the 
screen opened (Figure 6).  

 

 
Figure 6. Mozilla Hubs login screen 

 

https://hubs.mozilla.com/
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Afterwards, the “place” tab is clicked on the screen opened and “scene” is clicked on the window opened. Then, 
the environment is entered in by clicking ‘new project’ tab on the new window opened (Figure 7).  

 

 
Figure 7. Creating scene on Mozilla Hubs platform 

 
360 degree panoramic picture taken by Panoramic Imaging Device relating to structure, for which 3D image 

required to be taken, is uploaded by clicking on “image” section on the page appears. The uploaded picture shall 
come to the scene as flat.  “360 degree tangular” button, which is on the tab next side, is clicked in order to 
transform this picture into 3D environment. When we enter into the environment, in order to walk around in a 
comfortable position, the “spawn point” tab again on the next side, that is the scale of the picture of the mosque 
imported into it with the scale of human eye, is adjusted and saved with the “image size” dimension again on the 
next tab. And, environment may be entered as 3D by clicking the “publish the hubs” tab placed on the rightmost 
upper side. In the section below, the screenshots of the steps that have to be followed in order to obtain 3D 
environment from a 360 degree panoramic picture in Mozilla Hubs environment are presented stage by stage 
(Figure 8). 
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Figure 8. Transformation of 360 degree panoramic images into 3D virtual environment on Mozilla Hubs 

platform 
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3. Results  
 

3D virtual environment was obtained regarding the building from the 360 degree panoramic photographs 
under the study and deterioration maps were defined over this virtual environment. 
 
3.1. Obtaining 3D virtual environment of the building  
 

Virtual environment of Melik Mahmut Mosque was obtained from 360 degree panoramic photographs in 
Mozilla Hubs programme. The building can be perceived clearly, toured in the virtual environment and the 
information on its materials and material deteriorations can be displayed in detail by zooming in and out thanks 
to the avatars. The images of the building in the virtual environment are presented in the figures below (Figure 9). 
 

  
  

  
  

  
  

 
Figure 9. Images of 3D Model of Mardin Şeyh Çabuk Mosque on Mozilla Hubs Environment 
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3.2. Deterioration maps obtained from the virtual environment of the building 
 

Material deteriorations viewed on the building in the virtual environment were defined on the schedules. 
According to the findings obtained, the faulty repairs caused by the use of cement are seen on the pillars in Şeyh 
Çabuk Mosque. Surface loss, gap-hole formation, discharge of jointing, rust stains, and colour changes as a result 
of damages on the stone material caused by the impact of moisture and due to the sunlight, were determined on 
the walls, which are the continuous bearings. Faulty material repairs are present partly with the use of cement 
instead of using the original of the material, as a result of the deterioration of the original state of the material. 
Plant and moss formation was found in the courtyard (Table 1) that has flat flooring. Wearing is seen on the stairs. 
Crack-fracture, formal deformation, wearing and colour change are present on the frames and wings of the wooden 
windows. Faulty repairs are present on the buildings, as non-original additions have been made to the building. 
Wearing was observed on the sills.  Material deterioration was not found on the arches. Mouldings and gargoyles, 
which are the auxiliary stone elements are present in the building. Surface contamination is seen on the mouldings 
and gargoyles.  
 
Table 1. Problems encountered on the construction materials of Şeyh Çabuk Mosque, which have been produced 

by masonry materials 
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4. Discussion 
 

The aim of this study is to present a method, which integrates the photogrammetry and virtual reality 
technologies in order to obtain 3D model of a stone building with a reasonable cost and in a short time; and to 
research the stone material deteriorations over the 3D model obtained. The method presented within the scope of 
the study enables to display a stone building as 3D with a reasonable cost and in a relatively short period, such as 
2 minutes, by eliminating the cost caused by the laser scanning to create a 3D model [22-25] and the data burden 
regarding the 3D point cloud obtained through photogrammetric methods [26], which are the disadvantages 
emphasized in the literature. Material deteriorations can be investigated in detail by zooming in and out with the 
avatars on the building, with the advantage of touring the building in the virtual environment. Thus, it enables the 
complete documentation of the diagnosis of the material problem on the building, since it displays the link between 
the damages on more than one sides of the building in the virtual environment. This conclusion demonstrates that 
the method presented in this study may eliminate the disadvantage [19] that 2D documentation enables only the 
regional focusing, which is emphasized in various studies in the literature. 

In the study, the virtual environment could be obtained from the global panoramic images rapidly. This result 
supports the finding obtained by Napolitano et. al [19] that the virtual reality environments are obtained from the 
panoramic images rapidly and the use of global panoramic images provide great convenience in 3D documentation 
procedure to the user in terms of time and cost. Furthermore, the study results verify the finding obtained by Mah 
et. al [23] in their study results that this method is advantageous because of increasing the accessibility for heritage 
practitioners through a 3600 camera, which does not require high levels of technical specialty when compared 
with the other digital and visualization technologies, and the relatively low pricing of the 360 degree camera; and 
facilitating the future practices.   
 

5. Conclusion  
 

With the study conducted, a method is presented, which integrates the photogrammetry and virtual reality 
technologies in order to obtain 3D model of a stone building with a reasonable cost and in a short time; and the 
detectability of the stone material deteriorations over the 3D model obtained is researched. Within this scope, as 
a result of the study it is concluded that the virtual 3D environment regarding the building can be created from the 
global panoramic photographs with the suggested method on Mozilla Hubs platform, which is an open-sourced 
website, with a reasonable cost and in a very short time; and stone material deteriorations regarding the building 
can be determined easily on this virtual environment. 

As a result of the study, it is seen that it is possible to add other 3D models into the venue in, Mozilla Hubs 
environment.  Another finding is that these models can be uploaded easily into the media that is created by 
uploading into the skechfab open source, which is a feature available in Mozilla Hubs website, after the 360 degree 
panoramic photograph of the selected building is imported into the "Agisoft Photoscan" programme, which is a 
photogrammetric modelling programme supporting the 360° image infrastructure, and the 3D point clouds of the 
buildings are obtained. Besides, it is seen that it is possible to upload the 3D historical building models we made 
and their materials free of charge on Mozilla Spoke page by clicking the ‘custom url or file’ button located on the 
rightmost upper part on sketcfab tab.  It is seen that with this method it is possible to create an open data library, 
where the materials of the buildings and the material deteriorations may be investigated closely and determined, 
as Sketchfab is a source, which is open-sourced and in which the individuals all around the world may upload their 
3D models, and every model created as such and uploaded into sketcfab is a data source for the students and other 
interdisciplinary professions involved in cultural heritage. As a result of increasingly growth of these open data 
clusters, it shall be possible to create a material library.  

It is suggested to create the virtual environments of the historical buildings in different countries with the 
systematic followed in our study, in order to obtain a library regarding the stone material deteriorations in future 
studies. Thus, an open data library shall be created and every individual in another place of the world shall have 
the chance to view, tour and investigate all historical buildings, which are documented in this environment, free 
of charge. 
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 Along the Southeast Anatolian Orogenic Belt, units on the Arabian plate and a series of 
Ophiolitic Melange overlain by tectonic contact are observed. In the Upper Cretaceous 
thrust belt, the Koçali Complex is situated at the base and the Karadut Complex at the 
top, respectively. Throughout this belt, Mn mineralization is identified in the lithologies 
of the Karadut Complex. Around Taşdemir Village (Pazarcık-Kahramanmaraş), units 
existing in the Koçali and Karadut Complex are frequently observed. Haydar and Germav 
formations overlie these units with angular unconformity. All units are consequently 
covered with Middle-Upper Eocene aged limestones existing to the Midyat Group with 
angular unconformity. In this district, Mn mineralizations linked with the radiolarites of 
the Karadut Complex are observed. Stratiform-type Mn mineralization is observed 
through lenses between the layers. Reddish brown and dark grey forms have been 
identified. Pyrolusite and manganite minerals are identified in XRD analysis. Major oxide 
and trace element analyses of samples gathered from the ore zone were carried out. As 
a result of the analysis, the MnO range was detected as 7.42-32.76% (average 20.65), and 
the SiO2 range was detected as 60.68-83.52% (average72.88). Fe/Mn rate is considerably 
lower than 0.1. On average, the MnO/TiO2 ratio of Taşdemir Mn mineralization is 483.65, 
indicating a pelagic environment. In addition, the Fe2O3-Al2O3/(Al2O3+Fe2O3) diagram 
supports this conclusion. Major and trace elements are evaluated in the diagrams to 
highlight the origin of manganese mineralization. These evaluations indicate that the 
mineralization is of hydrothermal origin.  

 
 
 
 
 

1. Introduction  
 

In addition to being a strength-enhancing substance in the iron and steel industry, manganese is also widely 
used in battery technology concerning green energy growth in recent years. The need for manganese, which 
contains significant physical and chemical properties, is increasing daily. For this reason, mineral deposit 
exploration is also widespread. 

Mn deposits observed in many geological environments correspond to their geological, tectonic, mineralogical, 
and geochemical properties. These are; (1) hydrogenous, (2) hydrothermal, and (3) diagenetic deposits, 
respectively [1-3]. In these classifications, Fe/Mn contents also offer significant clues about the origin of the 
deposit [4]. Since manganese deposits in Turkey are related to the evolution of the Tethys Ocean, the deposits have 
been described in different geological environments [5-9]. The belts that stand out from these deposits are the 
İzmir Ankara Erzincan Suture Belt and the Southeastern Anatolian orogenic belt. These belts contain hydrothermal 
and hydrogenetic manganese deposits associated with radiolarian cherts [7, 9]. There are many manganese 
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mineralizations in the Southeastern Anatolian Orogenic Belt, where the study area is located, in the literature [10-
11]. 

Kahramanmaraş has attracted the attention of many geoscientists due to its geological features. Important 
geological structures are observed in the Kahramanmaraş region, an important area where the Taurus Orogenic  
Belt and the Arabian Plate are sutured. Because of this complex structure, Gül [12] defined these regions as the 
Orogenic belt and the Arabian plate belt and divided the units belonging to these two belts into sub-belts. Taşdemir 
(Pazarcık, Kahramanmaraş) manganese mineralization is orogenically located in two important tectonic units, the 
Southeast Fold Belt and the Eastern Taurus Orogenic Belt (Figure 1a). According to Gül [12], the study area is 
located in the margin fold belt at the northern end of the Arabian plate (Figure 1b). Mn mineralization is observed 
in the sedimentary rocks outcropping in the Taşdemir (Pazarcık) region. This paper reveals the geological, 
mineralogical, and geochemical characteristics of mineralization. 
 

 
Figure 1. a. Tectonic location of the Kahramanmaraş (modified from Işık [13]), b. Tectonic location of the study 

area according to Gül [12]. 
 

2. Material and Method 
 

The 1/25,000 scaled geological map of the study area prepared by MTA on the M39d4 sheet was used. The 
geological structures in the region were evaluated based on this map. Samples were collected from a 50-meter-
long trench opened in the study area for ore work. 

Observational geological investigations were carried out in the ore zone. As a result of the observations, 
sampling was made in the ore zone to conduct mineralogical and geochemical studies. These samples' major oxide 
and trace element analyses were performed at ITU-JAL using XRF and ICP-MS methods. XRD analyses were also 
performed for mineralogical identification. 
 

2.1. Geological Background 
 

Around Taşdemir Village (Pazarcık-Kahramanmaraş), units belonging to the Koçali and Karadut Complexes are 
commonly observed (Figure 2). Haydar and Germav formations overlie these units with angular unconformity. All 
units are covered with Middle-Upper Eocene aged limestones belonging to the Midyat Group with angular 
unconformity (Figure 2). The contacts of the melange in the study area are generally tectonic. Dip-slip faults cut 
thrust zones in places and strike-slip faults in places. In this region, Mn mineralization associated with the 
radiolarites of the Karadut Complex are observed. 
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Figure 2. Geological map of the study area [14] 

 

2.2. Ore Geology 
 

The mineralization consists of short and medium-sized lenses conforming with the layers (Figure 3). It is 
commonly exposed at different levels of the layers of the succession. This formation continues along a zone of 
approximately 250 m. The ore lenses, which can be identified in the field with their blackish colour, have also been 
altered in places (Figure 3). The host rock is Cenomanian aged radiolarite, the upper layers of succession. 

XRD study was carried out for the mineralogical identification of the samples taken from this ore zone. As a 
result of the analysis, pyrolusite and manganite minerals were determined (Figure 4). 
 

 
Figure 3. General view of radiolarite-hosted manganese mineralization 
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Ref. Code Mineral Name Chemical Formula 

98-000-5737 Pyrolusite Mn1 O2 

98-003-9931 Manganite H1 Mn1 O2 

Figure 4. XRD analysis of manganese mineralization 
 

3. Geochemistry  
 

Geochemical analyses of the samples collected from the ore zone were carried out (Table 1). According to the 
analysis, the amount of SiO2 is rather rich. The reason for this is the intense exposure to radiolarites. MnO values 
at ore levels are between 7.42-32.76%. There is no substantial anomaly when the other major oxide values are 
examined. No alternative metallic enrichment is observed in samples with high manganese. 

In the Si–Al discrimination diagram [15], the mineralization is distributed within the hydrothermal field due to 
low Al and high Si content (Figure 5). Likewise, in the triangular diagram [16], a different diagram in which trace 
elements such as Co, Zn, and Ni are compared relative to each other shows the distribution in the hydrothermal 
area (Figure 6).  
 

Table 1. Major oxide concentration (%) of the manganese mineralization 
SAMPLE T 2 T 7 T 15 T 17 T 19 T 20 T 23 

SiO2 67,96 86,18 64,74 65,11 83,52 82,00 60,68 

Al2O3 0,36 0,46 1,28 0,72 2,90 1,47 0,92 

Fe2O3 0,15 0,21 0,73 0,34 1,43 0,63 0,44 

MgO 0,01 0,04 0,42 0,15 0,59 0,28 0,19 

CaO 0,22 0,15 0,41 0,19 0,42 0,31 0,22 

Na2O 0,01 0,08 0,06 0,04 0,12 0,09 0,05 

K2O 0,00 0,07 0,17 0,09 0,47 0,21 0,09 

TiO2 0,02 0,02 0,10 0,05 0,16 0,06 0,06 

P2O5 0,14 0,05 0,10 0,00 0,08 0,09 0,10 

MnO 27,12 8,88 27,30 29,05 7,42 12,09 32,76 

Cr2O3 0,01 1,57 0,02 0,01 0,00 0,00 0,01 

LOI 3,87 2,10 4,46 4,10 2,82 2,67 4,32 

TOTAL 99,86 99,83 99,80 99,87 99,94 99,90 99,85 

Co 59,79 110,04 40,39 41,79 26,04 37,42 38,42 

Ni 58,00 823,69 59,22 30,74 25,07 28,86 39,57 

Zn 54,24 20,98 50,59 31,77 21,89 24,00 41,64 

MnO/TiO2 1233,82 501,54 272,06 611,29 47,73 206,27 512,85 

Fe/Mn 0,00 0,02 0,02 0,01 0,17 0,05 0,01 
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Figure 5. Si–Al discrimination diagram [15] 

 

 
Figure 6. Zn-Ni-Co discrimination diagram [16] 
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In manganese formations associated with marine sedimentary rocks, the deposition environment is near the 
Spread ridge, pelagic (open ocean), and continental margin [17]. In order to explain the deposition environments 
of manganese formations associated with chert, radiolarian chert, and shale, the MnO/TiO2 ratio is checked [18-
19]. MnO/TiO2 ratio < 0.5 indicates continental margin sedimentation environment and > 0.5 indicates pelagic 
environment. On average, the MnO/TiO2 ratio of Taşdemir Mn mineralization is 483.65, indicating a pelagic 
environment. In addition, the Fe2O3-Al2O3/(Al2O3+Fe2O3) diagram (Figure 7) used to reveal the storage 
environment still supports the above ratio [20]. 
 

 
Figure 7. Plots of Fe2O3-Al2O3/(Al2O3+Fe2O3) diagram [20] 

 
 

4. Conclusion  
 

One of the basic approaches for identifying manganese deposits is the Fe/Mn ratio of the ore. In studies on 
manganese mineralizations of various types [21-22], the Fe/Mn ratio of mineralization (Table 1) is 1 in 
hydrogenetic deposits that slowly precipitate from seawater. In the submarine hydrothermal deposits around the 
region, <0.1 (manganese-rich) and >10 (rich in iron) were determined. Very low Fe/Mn ratios are explained by 
the rapid precipitation of hydrothermal solutions in submarine hydrothermal centers. Fe/Mn ratios in this study 
are considerably lower than 0.1 and resemble submarine hydrothermal deposits. 

The data obtained in this study determined that Taşdemir Mn mineralization is related to Cenomanian-aged 
radiolarites, and pyrolusite and manganite are found as manganese minerals. According to the results of 
geochemical analysis, mineralization characterizes a hydrothermal deposit associated with volcanism in the 
pelagic environment. 
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