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A Review on Power Production Performance Evaluation of Blade 

and Bladeless Windmill  

Abdalftah Hamed1, Atabak Najafi2 

Abstract 

The production of energy by using renewable energy sources are going depth of the earth. 

Production energy by using a traditional blade wind has many advantages and disadvantages 

one of them, the cost of the capital and maintenance cost and friction loss represents a negative 

point. At the present, a new approach of capturing wind energy by using bladeless windmill 

find a low-priced and safe replacement to conventional windmills. Vortex-Bladeless is new 

concept of a wind turbine without blades called vorticity wind turbine which uses the VIV. The 

vortex design aims to eliminate and reduce many of the existing problems in conventional 

generators and represents a new paradigm of wind energy. Vortex can be able to operate 

efficiently at lower wind speeds, so runtime increases. The purpose of this is study to provide 

a basic comparison between the conventional wind turbine and vortex paradigm in harvesting 

wind energy. 

Keywords: Blade Windmills, Bladeless Windmills, Vortex-Bladeless, Vortex-Induced 

Vibration, Renewable Energy Source.  

 

1. Introduction 

Wind energy for many years has been growing for pumping water or grinding corn with historic 

designs, known as windmills, constructed from wood, cloth, and stone, now use alternative to 

fossil energy to produce electricity, and commonly termed wind turbines [1][6]. A wind turbine 

produces mechanical energy and converted into electrical energy by using electrical induction 

generators. Hence, there are two ways of producing electric energy from wind which are 

through rotational windmills and oscillation windmills [2]. 

 
1   Department of Electric and Electronics Engineering, Institute of Sciences. 
2   Eskisehir Osmangazi University. 
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The cost of manufacturing for different parts of the conventional windmill is a very high like 

blade designing, about 15–20% of wind turbine production cost [3]. Recently, Vortex Bladeless 

is a Spanish tech startup company developing a wind turbine without a blade as a new approach 

to capturing wind energy. It generates the electric current by using the oscillation or vibrations 

produced due to the wind and used it for small-scale generation to produce less amount of 

electrical energy and used blade turbine in commercial applications for effectiveness and 

efficiency at a larger scale [2]. Also, the maximum size of blade windmill components is large 

and evolve maximum swept area compared to bladeless turbine [4]. In addition, the 

conventional windmill is just beginning to emerge as a significant factor for the future. Hence, 

Vortex-Bladeless objective and aims to cancellation and reduce many of the existing problems 

in conventional generators and it is representing a new paradigm of windmills [5]. 

The aim of this study focuses on a comparison of bladeless and blade windmills component 

reliability through time, concerning technology analyze, how design has advanced through 

time, what the main failures are, and which technologies have proven to work.  

2. Wind Turbines 

Wind-devices working as a reliable energy source in the past 3 decades, which are playing more 

important roles and have become major industries for electric power generation and 

contribution for global warming by reducing CO2 emission resulting from power generation 

[1][6]. The energy capturing techniques developed and designed on the effects and working 

principles of thermos-acoustic, magneto-electric, piezo-electric, and thermos-electric [1]. 

In the periphery, there are strong industrial and academic research developing windmill 

harvesters so that ambient energy associated with wind or rainwater may be harnessed and 

converted into electrical power. Hence, to meet the increased power demand and rapid 

development of electronic equipment there are Several new energy harnesses technologies have 

been successfully developed and implemented to achieve this milestone. However high capital 

cost and maintenance and running cost and other disadvantages, like dangerous to birds and 

noisy which is coming from blade wind turbine; obviously encouraged the research looking for 

new ways to improve conventional wind turbines negative side by a bladeless turbine [7].   
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3. Bladeless Wind Turbine 

Vortex is a Bladeless windmill, it’s a new wind resonance generator that works on the theory 

called vortex shedding effect and principle of vortex-induced Vibrations (VIV) [2]. It harnesses 

wind energy by using this phenomenon and generate electric current using the oscillation or 

vibrations produced with fewer moving parts which canceling the need for lubrication and 

reduces wear and corrosion [7]. It builds from carbon fiber reinforced polymer, which is provide 

a great stress resistance, and it has a smaller energy leak when oscillating to reduces the usage 

of raw materials [5]. In fact, installing of normal windmills requiring huge investments which 

is coming from production, transportation cost for heavy par. Also, it requires to install in a 

point with more wind speed, and addition designing blade represent a challenge [2]. 

Currently, small wind turbine uses to produce less amount of electrical energy, not used in 

commercial applications, till now Large-scale windmill requiring several years of development 

before it can be considered competitive. In other hand, the offshore technology turbines 

installed in the ocean is very promising one of the faced problems is the Aggressive naval 

environments, especially the corrosion of mechanical parts of the windmills [5]. It would seem 

that absent of gears, bearings in a device capable of capturing wind energy can also be an 

important advantage [4][7]. 

4. Vortex Bladeless Wind Turbine Model 

Naturally, the design of bladeless wind turbine is quite different from conventional turbine. 

Figure (1) shows the different components of Vortex windmill (d) represent base and mast (b) 

represent permanent magnet rings and (a) coils and tuning magnets fixed to the mas and (c) the 

structure fixed to the ground. Indeed, innovative way to harness energy from wind, with 

different and exciting characteristics which makes it a revolution in wind power [5]. 
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Figure (1). Bladeless windmill elements [5] 

The performance in the conversion of wind’s kinetic energy into mechanical energy is close to 

the principles of the Betz limit [5]. The mast directly interacting with the wind and induce an 

oscillatory movement in a body by vortices are known as VIV phenomena [5]. The impact 

sound level is nonexistent the oscillation frequency of the equipment below 20Hz [7]. The 

frequency of vortex shedding F is proportional to the average velocity of the incident wind flow 

v, the inverse of its characteristic length Φ of cylindrical structures [5]. 

 

F= 
𝑆𝑡∗𝑉

𝛷
                               (1) 

However, the cylindrical structures Length Φ is obtained by the value from the static structure’s 

diameter and oscillation amplitude multiplied by an adjustment factor X which is Reynolds’ 

Number dependent (5). 

Φ=D+a·X                           (2) 
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Vortex shedding frequency F with wind velocity v∞(L/2) In any other section of the mast is 

[5]: 

F(y) = 
𝑆𝑡∗𝑣∞(𝑦)

𝐷(𝑦)−𝑎∗𝑋(𝑦)
                                                                  (3)         

However, v∞(y) and X(y) represents the velocity of the fluid and the oscillation amplitude of 

the mast at each height y respectively and H is representing the distance between the ground 

anchor and the highest part and the displacement in the upper part of the device is γ times the 

mast diameter at its lowest part figure (2), as a result [5]: 

X(y)= 
𝑦−𝐿/2

𝐻−𝐿/2
* γ                     (4) 

Finally, as the vortex shedding frequency along the whole mast is same, it finds D(y)equation 

obtain by [5]: 

D(y)= 
𝑑∗𝑣∞(𝑦)

𝑣∞(𝐿/2)
-a*x(y)                       (5) 

 

 

Figure (2). Evolution of the mast diameter according to height [5] 
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There is a strategy to increase the frequency of oscillation by using two pairs of permanent 

magnets (b) have been added to the damped harmonic oscillator figure (3)[5].  

 

 

Figure (3). Oscillator with a magnetic tuning system diagram [5] 

5. Blade Windmill 

The wind turbine has two types based on the axis in which the turbine rotates [1]. However, 

one rotates around a horizontal axis HAWT another type of turbine rotates around a vertical 

axis VAWT [6]. The popularity of the HAWT attributed to continued mainstream development 

of the HAWT and can be attributed to a Hight tip speed ratio and essay to controlling the rotor 

speed [6]. The VAWT has an efficiency enough to competitive HAWT design and cannot be 

easy to mount them on a tall enough tower to the usefulness of higher and capture maximum 

wind energy [1]. 

Here we concentrate on the HAWT design which is required to face into the wind to obtain 

maximum power, this process is called yawing [6]. The turbine is connected to the shaft of the 

generator through a gearbox which moves the slow rotation of the blades into a faster rotation 

that is more suitable to drive electrical generator effectiveness and efficiency at a larger scale 

[1]. 

6. HAWT Model 

As shown in the figure (4), the HAWT consists of blades attached to a hub attached to a 

driveshaft that conversation rotational energy to the interior of the nacelle and yaw is work as 

the orientation of the nacelle which contains the bearing for the driveshaft, transmission, 

generator and mechanical brake [6]. Most utility size designs have settled on three blades as the 

optimal number. Also, the shape of the rotor blade and their angle of attack proportion to the 

direction of wind and effects on the performance of the rotor blade [1].  
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The wind turbine blade designers have experimented with many different airfoil shapes over 

years to design an ideal shape that would perform well in a range of wind speeds taken by the 

Bernoulli effect [3]. Even minimum changes on a blade shape can greatly affect the power 

output and noise produced by the wind turbine [6]. 

 

Figure (4).  HAWT elements [6] 

 

The Tip Speed Ratio (TSR) refers to the ratio between the speed of the tips of the wind turbine 

blades and the wind speed. The TSR is related to efficiency, the higher tip speed gives higher 

noise levels and requires strong blades, and it is obtained by the equation [1].  

TSR=Tip speed of blade/wind speed                       (7) 

wind speed [m/sec] and the rotor tip speed [m/sec]. 

The optimum TSR for maximum power output can be obtained by the following equation [1]: 

TSRmax =4𝜋/𝑛                                                                           (8) 

However, n is the number of blades. 
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Based on the Betz limit or Betz efficiency which states that the maximum power that can be 

obtained, in theory, from the air with an ideal wind turbine can never exceed 59.26 % of the 

energy. formulate a mathematical model for the rotor’s design [8]. 

                                                      (9) 

The power is directly proportional to the swept area and the turbine rotor having the expression 

[8]: 

                               (10) 

7. Feasibility Analysis For Wind Turbines 

We know that wind turbine according to wind features can change behavior. However, a start 

speed for small wind HAWT is proximity about 4 m/s, and Vortex turbines design for 

generating energy at low wind speeds and can reach a synchronism with vortex shedding from 

3 m/s and enter into full resonance a little after [7]. An important factor that needs to be 

considered for analyzing wind technology is the output power that the turbine can access in real 

conditions. The table below shows the real output and efficiency approach at different wind 

speeds of different turbine technologies for average HAWT and Vortex turbines [7]. 

 

In fact, Wind conditions are changeable consequently wind factors can be explained on the 

turbines to understand which are best wind speed ranges and conditions for each technology. 
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Accordingly, to a new study in the Technical University of Prague show in figure (5) below 

gives an estimate of the useful production of each turbine family divided by a nominal output 

[9]. The main aim is to compare the efficiency of each turbine to the most common wind speed 

ranges around the world. The study suggests that turbines can reach a higher nominal output 

usually draw a worse efficiency curve [9]. alternatively, if the turbine can reach higher 

maximum power output, it will perform worse in lower winds. When the turbine can operate 

efficiently at lower wind speeds, the runtime will increase [9]. 

 

Figure (5).  Output power for different Windmills [9] 

Studies indicate, HAWT and VAWT usually require higher wind speeds to reach the rated 

power, rather Vortex can respond naturally to common wind speed ranges [7][9]. For these 

reasons, for regions with a common wind; it is not feasible to put wind turbine that is only 

capable of giving sufficient power for few times.  Conventional wind turbines working better 

in a place that has strong winds all year long. 

8. Discussion 

The rate of wind energy developed founds costly when compared to an existing conventional 

wind energy turbine. The cost of manufacturing different parts of the windmill is very high, and 

transportation of such heavy parts is very costly and risky. Besides, it’s requiring places where 

wind speed is more, these places are limited. The conventional wind turbine takes a big area 

and the impact on birds is expected to be significantly less rather than the sound that is causing 

the noise [4]. 
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Over the lifetime of the blade wind turbine, three types of waste have an impact in terms of 

CO2 emissions, manufacturing waste, service waste and end-of-life waste. In addition, the 

waste generated during manufacturing and service adds between 16% and 45% of the mass of 

the wind turbine blades and this represents a future challenge to continue to manufacture this 

type [10]. 

Vortex paradigm has low manufacturing cost to bypass the need for blades which are the most 

expensive component 15-20% of conventional wind turbine production cost. However, 

manufacturing savings are estimated to be approximately 51% of a conventional wind turbine 

production cost [7]. Also, canceling of mechanical elements which are more exposed to 

corrosion, wear, and reduction in maintenance costs. Vortex paradigm takes up a small area and 

harnesses around 40% of the wind energy existing in the air which is more credible capacity. 

Additionally, the impact on birds is expected to be significantly less, as Vortex does not require 

the same type or volume of motion like a conventional wind turbine. The oscillation frequency 

of the equipment is less than 20 Hz, and the sound effect level is not present which is opening 

the possibility of making future wind farms completely silent [7]. All of this is features make it 

highly competitive not only against generations of alternative or renewable energy but even 

compared to conventional technologies [5][7]. 

The first Vortex 3m high and weighed around 10kg produced 100W designed to bring energy 

for certain location and matched with solar energy and considered a great solution when solar 

cells system is not producing. Also, the second product is a 4KW turbine 13mhigh and weight 

less than 100kg perfect for a hybrid system [7]. 

9. Conclusion 

Wind energy has the potential to be the primary source of energy in the world. there are strong 

industrial and academic research tapping newer ways of the wind turbine for renewable energy 

is gaining momentum in the recent years. The cost and other negative side effects made 

conventional wind turbines for using energy in small areas are not suitable.  However, Vortex 

wind turbines are one of the greatest wind energy harness systems. Aspects of low maintenance 

costs and low noise levels make this technology appear to be the best choice in shared renewable 

energy installations where safe and secure environments are essential. 
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Finally, the comparison between different types of wind turbines to produce energy for the areas 

with a common wind is feasible to have a vortex wind turbine. The calculation of the cost of 

the vortex generation system relates to the total manufacture, installation, maintenance, and 

recycling saving about 51% of the cost of a conventional windmill. Bladeless wind turbines 

open the possibility and serve as steppingstones to the future harness wind energy farms. 
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Design and Simulation of a Novel Coaxial -Fed Microstrip Patch 

Antenna for 5G Application 

Abdullah Al Hasan1, Mustafa Hikmet Bilgehan Uçar2 

Abstract  

The next-generation wireless communication technology widely known as 5G will be 

implemented in a very short period due to the spike in demand for higher data rates and 

bandwidth. The innovation of smart devices leads society to an overgrowing connected network 

of wireless technology. To meet the increase in demands countries around the world are in a 

race to realize the fastest network available at hand. The official report and testing by Turk cell 

suggest 3.5GHz band would be used initially in Turkey.  The global union of mobile operator 

GSMA suggested competent authority to allocate a contiguous spectrum of at least 100MHz 

channel bandwidth to the carriers. In this study, a new coaxial fed microstrip designed to operate 

at 3.5GHz band and the necessary amount of operational bandwidth which is determined as at 

least 100MHz have been demonstrated by this design which meets the required characteristics 

to be employed in the operation of 5G network of the Turkish telecom industry.  

Keywords: Microstrip Antenna, Co-Axial Feed, Wireless Communication, 5G. 

 

1. Introduction 

The microstrip antenna is being used widely by numerous researchers due to its availability, 

easy fabrication, and cost-effectiveness. Microstrip antenna essentially consists of ground 

plane, substrate, and patch element [1]. These elements can be modified as per the need of 

designing a specific antenna to fulfill the requirement needed in the work at hand. 

Defected Ground Structure (DGS) method was implemented in many previous studies to 

achieve several characteristics, one of them was the band stop. In this study, the DGS technique 

was successfully applied to relieve the multiple undesired resonant to single resonance [2]. 

A number of studies [3-6] examined the effect of adding slot into microstrip patch whereas the 
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principal goal was to make antenna into multiple bands, wideband and improving the 

performance of antenna namely bandwidth, gain, and radiation. 

The wireless network in the whole world is toward updating the structure into fifth-generation 

technology 5G to facilitate the growing demand for higher bandwidth and ever-increasing 

connectivity among daily life appliances. The future of smart cities depends on reliable high-

speed connectivity with the invention of the autonomous system in nearly every aspect of social 

life. A lot of countries auctioned spectrum for 5G network some of them being implemented 

and many realized in recent times [7]. 

In Turkey steps have been taken towards a faster transition to 5G technology, the consortium 

of Turkish mobile company 5GTR forum working together to make 5G commercially available 

with domestically produce telecommunications technologies. In 2018 Turk cell successfully 

tested 5G at allocated 3.5GHz [8] and most recently in February 2020 Turk Cell demonstrated 

live broadcast through a pilot project of 5G network [9]. In this study, a compact antenna was 

designed and simulated to operate at 3.5GHz band with standard directivity performance. 

2.  Literature Review 

The research done on microstrip antenna with coaxial feed are extensive. In [10] authors show 

the effect of slots on the bandwidth of the lower band. Although the performance of the antenna 

proposed in [11] is good nonetheless it has complex geometry and the size is considerable. 

Another work [12] demonstrated a triband including 3.5GHz with very little bandwidth and the 

upper band is not included in the 5G band specification. The literature review opens a window 

to design a new novel compact coaxially fed microstrip antenna to operate within the mid-

spectrum of 5G network with workable bandwidth to be implemented in wireless 

communication of smart devices. 

3.  Design and Geometry 

The geometry of the antenna consists of a patch, substrate and ground are calculated from 

equation verified by numerous scientists. The position coaxial of feed is determined through 

the try and error method. The design equations of the coaxially fed microstrip antenna [1] are 

given below 

The width of the patch, 

𝑊 =
𝐶

2𝑓𝑟
√

2

𝜀𝑟+1
                                               (1) 
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the length of the patch, 

𝐿 = 𝐿𝑒𝑓𝑓 − ∆𝐿                                                                          (2) 

𝐿𝑒𝑓𝑓 =
𝐶

2𝑓𝑟√𝜀𝑒𝑓𝑓
                                             (3) 

휀𝑒𝑓𝑓 =
𝜀𝑟+1

2
+

𝜀𝑟−1

2
(1 +

10ℎ

𝑊
)                 (4) 

∆𝐿 = 0.412ℎ
(𝜀𝑟+0.3)(

𝑊

ℎ
+0.264)

(𝜀𝑟−0.258)(
𝑊

ℎ
+0.8)

                 (5) 

Where, 

C = the velocity of light, 

f_r= resonance frequency, 

ε_eff= effective dielectric constant, 

ε_r= dielectric constant of the substrate, 

h = height of the dielectric substrate, 

W = width of the patch. 

The design and simulation of the proposed antenna were obtained by using the CST studio suite. 

By utilizing these equations and choosing FR-4 substrate with 4.3 dielectric constant and 

carefully positioning the coaxial fed the initial geometry was designed as shown in Fig 1. and 

the basic parameters are given in Table 1. The reflection coefficient, S11 of the generic antenna 

simulation is shown in Fig 2. 

Table 1:  Antenna Parameters 

Parameters  Values 

Frequency, fr 3.45GHz 

Substrate thickness, h 1.6 mm 

Dielectric Constant of the substrate, Ɛr 4.3 

Width, W 28.28mm 
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Length, L 19.16 mm 

Ground Width, Wg 2*W mm 

Ground Length, Lg 2*L mm 

Position of feed (Xcentre, Ycentre) 3.53mm, 5.73mm 

 

Figure 1:  Initial Antenna Geometry. 

 

Figure 2: Reflection Coefficient, S11 of the initial antenna. 

The simulation presents there are three resonant frequencies of the initial antenna, in order to 

remove the undesired resonant frequencies, there are many methods. However, in this study, 

the defective ground structure otherwise known as DGS will be used, since DGS have many 

attributes one of them is band stop filter characteristics. 
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Figure 3: Antenna geometry after modification 

In the second phase of antenna design to remove the unwanted resonance a U-shaped slot 

introduce in the ground elements as shown in figure 3. The response of the defected ground 

demonstrates a single band response. To further improve the performance of the antenna in 

terms of gain a rectangle-shaped slot was added to the patch which gives a slight increase in 

gain output. 

Table 2: Final Antenna Parameters with defected ground 

Parameters Values 

Frequency, fr 3.45GHz 

Substrate thickness, h 1.6 mm 

Dielectric Constant of the substrate, Ɛr 4.3 

Width, W 28.28mm 

Length, L 19.16 mm 

Ground Width, Wg 2*W mm 

Ground Length, Lg 2*L mm 

Slot on Patch Ws=20 mm Ls=3 mm 
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Slot on Ground SW1=L, SW2=W/2, SW3=7mm SL1=L, SL2=L/2 

Position of feed (Xcentre, Ycentre) 3.53mm, 5.73mm 

 

4. Results and Discussion 

4.1. Return Loss Graph 

The reflection coefficient widely known as the S11 graph provides the measurement of radiated 

power in contrast to reflected power supplied to the antenna. For an antenna to be effective and 

practically usable it should have S11 less than -10dB over the operating band. The antenna 

designed here operates here between 3.448GHz and 3.331GHz while maintaining standard 

return loss as shown in the figure in figure 4. 

 

Figure 4: Reflection Coefficient vs. Frequency Graph of the modified antenna 

The voltage standing wave ratio, VSWR gives an impression of how much power reflected 

from the patch to the source rather than radiated through the patch of the designated antenna 

much like reflection coefficient, S11.  The VSWR plot of finalized simulated antenna gives the 

same impression of working suitably at the single band with the value of between 2 and 1 as 
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indicate the figure 5. 

 

Figure 5: VSWR response contrast to frequency 

4.2. Directivity  

The proposed antenna radiates with a directivity of 5.04dBi and the radiation happens towards 

the upper side of the antenna with little on the lower side which results from the defected ground 

as shown in figure 6. The radiation pattern in 2D gives a better understanding of the antenna 

radiation as presented in figure 7. 

 

Figure 6: Antenna Radiation Pattern İn 3D 
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Figure 7: Antenna Radiation Pattern in 2D 

4.3. Surface Currents 

The surface current distribution of the simulated antenna helps to understand the radiating 

elements with color. The antenna surface with reddish parts radiates better than the blue parts 

of the antenna. the simulated antenna seems to radiates along with the patch with the defected 

ground and slotted part of the patch as it is shown in figure 8 with a yellowish color. 

 

Figure 8: Surface Currents distribution of the antenna 

5. Conclusions 

Today’s data-hungry worlds require constant development and improvements to provide the 

expected technology to meet up the challenges creates by the ever-increasing subscriber of 

connected populations. The mid-band range of (1-6 GHz) will be a key player in making 5G 

widespread. There is momentum for 3.5GHz worldwide with many countries authorized 

already and additional on its way to auction very soon. This study provides a simple antenna to 

be used in currently developed wireless technology. The proposed antenna work at 3.5GHz 
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band of 5G, resonating at 3.4GHz with a bandwidth of 115MHz. the VSWR, gain, and 

directivity are >2, 5.0dB, and 2.46dB at the operating frequency which is 3.329GHz to 

3.44GHz. 
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Bazalt Tozunun Geopolimer Harç Üretiminde 

Kullanılabilirliğinin Araştırılması  

Aigul Kabirova1, Mücteba Uysal2 

Özet 

Günümüzde geopolimerler, geleneksel Portland çimentosuna sürdürülebilir bir alternatif 

malzeme olduğu düşünülmektedir. Geopolimerler konusundaki mevcut araştırmalara göre 

metakaolin-cüruf esaslı geopolimerlerin çevre dostu olmalarının yanı sıra kabul edilebilir 

mekanik ve dayanıklılık performansı açısından en iyi oldukları kabul edilmektedir. Geopolimer 

harçların performansı, kumunun yerine kısmi olarak toz dolgu malzemesiyle geliştirilebilir. Bu 

çalışmada, metakaolin-cüruf esaslı geopolimer harç üretiminde bazalt tozunun dolgu 

malzemesi olarak kullanılabilirliği incelendi. Bunun için büyük tane çapı 63 μm olan bazalt 

tozu, harcın kumuna ağırlıkça %25 ve %75 oranlarında katıldı. Referans seri ile birlikte toplam 

üç seri metakaolin-cüruf esaslı geopolimer harç üretildi. Çalışmada, reaktant karışımı olarak, 

1:2 oranında 12 molariteli sodyum hidroksit çözeltisi ve sodyum silikat karışımı kullanıldı. Ön 

deneysel çalışmalarından metakaolin ve reaktant karışımı oranları seçildi; referans seri ve %25 

bazalt tozu içeren seri için bu oran 1:1, %75 bazalt tozu içeren seri için de 1:1.3’tür. Kalıplardan, 

ortam sıcaklığında 24 saat süreyle bekletildikten sonra, çıkartılan 50 mm’lik küp ve 40 x 40 x 

160 mm boyutundaki prizma numuneler 60oC’deki etüvde 72 saat süreyle kürlendi. Daha sonra, 

numuneler üzerinde merkezi basınç (7 ve 28 günlükken) ve eğilmede çekme (7 günlükken) 

deneyleri gerçekleştirildi. Bunun ile birlikte referans ve %25 bazalt tozu içeren serilerden 28 

günlük numunelerin (200, 400, 600 ve 800) oC yüksek sıcaklıklara dayanıklılığı incelendi. 

Yüksek sıcaklık uygulamasından üç gün sonra numunelerin ağırlık kaybı, merkezi basınç 

dayanımı, eğilmede çekme dayanımı ve ultrases geçiş hızı, deneyler öncesi ve sonrası olarak 

değerlendirilmiştir. Deneylerin sonuçları bazalt tozunun metakaolin-cüruf esaslı geopolimer 

harçlarda kullanılabileceğini kanıtlamaktadır.  

Anahtar Kelimeler: Geopolimer, Geopolimer Harç, Metakaolin, Cüruf, Bazalt Tozu, Çevre 

Dostu Malzeme, Yeşil Malzeme. 
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1. Giriş 

Agrega, beton veya asfalt üretiminde kullanılan kum, çakıl, kırmataş gibi malzemelerin genel 

adıdır. Tane boyutlarına göre ince (kum, kırma kum) ve kaba (çakıl, kırmataş) agrega olarak 

ikiye ayrılır. Beton içinde hacimsel olarak %70-80, asfalt içinde ise %95 civarında yer işgal 

eden agrega inşaat sektörü için vazgeçilmez bir yapı hammaddesidir. Beton ve asfaltın kalitesini 

etkileyen en önemli bileşenlerden biri agregadır. Türkiye’nin deprem bölgesinde bulunduğu 

düşünüldüğünde yapılarda kullanılan betonun kalitesi, dolayısıyla agrega kalitesinin önemi 

ortadadır. Agrega talebi nüfus artışıyla orantılı olarak artmaktadır. Büyükşehirlerde hammadde 

tedarik riski nedeniyle, yerel düzeyde kaynak sürdürülebilirliğini sağlamak gerekmektedir. [1] 

Bazalt gibi geri dönüşümü mümkün olan malzemelerin kullanımı, hem agrega kaynağı için hem 

de işlenmesinden ortaya çıkan atık stokları için bir çözüm olabilir. Geopolimerler, bunu 

değerlendirilebilecek potansiyele sahiptir. 

2. Genel Bilgiler 

2.1. Geopolimerler Malzemeler 

Geopolimerler, yüksek fırın cürufu, uçucu kül, alüminyum üretiminden oluşan kırmızı çamur 

gibi atıklar, kaolin, zeolit, bentonitin kalsine edilmesiyle elde edilen sırasıyla metakaolin, 

metazeolit, metabentonitin sodyum silikat, potasyum silikat, sodyum hidroksit, potasyum 

hidroksit gibi çözeltilerle reaksiyonu sonucu meydana gelen bağlayıcılardır. Geopolimerler, ilk 

kez Joseph Davidovits tarafından 1978’de duyurulmuştur. [2]   

Günümüze kadar yapılmış olan araştırmalarda, geopolimerlerin kısa sürede dayanım 

kazanmaları, üretimi için gerekli olan malzemelerin kolayca bulunabilmesi, adezyonunun 

herhangi bir yüzeyde iyi bir şekilde gerçekleşmesi, yüksek sıcaklığa ve korozyona dayanıklı 

olması öne çıkan özellikleridir. 

Geopolimerler, göstermiş olduğu fiziksel ve kimyasal özelliklerle, beton içerisinde çimentonun 

yerine bir bağlayıcı olarak veya doğrudan beton yerine prekast yapı endüstrisinde taşıyıcı ve 

taşıyıcı olmayan yapı elemanlarının üretiminde, yol ve saha kaplamasında, heykelcilik ve 

dekorasyon malzemeleri, tarihi eser restorasyonu, zemin güçlendirilmesi, ağır iklim şartlarına 

ve yangına dayanıklı duvar kaplaması malzemeleri üretiminde kullanılabilmektedir. 

Günümüzde geopolimerleri inşaat sektöründe yaygın olarak uygulayan ülke Avustralya’dır. 

Dünyada döşeme sistemi elemanlarının üretiminde beton yerine geopolimer kullanılan ilk bina 
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ise Queensland’s Global Change Institute binasıdır (Şekil 1). Döşeme sistemi elemanların 

betonunda Portland çimentosu yerine uçucu kül tabanlı geopolimer kullanılmıştır. Geopolimer 

prekast elemanların üretiminden, geleneksel prekast elemanların üretiminden daha az CO2 

emisyonu meydana gelmiştir. [3] 

 

  

a) b) 

Şekil 1. a) Queensland’s Global Change Institute Binası; b) Queensland’s Global Change 

            Institute Binasının İnşasında Geopolimer Prekast Beton Döşeme Elemanının Montajı 

Avustralya’da Brisbane West Wellcamp Havalimanı’nın inşasında (Şekil 2) saha kaplaması 

için yaklaşık 40000 m3 (100000 ton) çimentosuz geopolimer beton kullanılmıştır. Böylece 

Wellcamp Havalimanı, dünyanın en “yeşil” havalimanı olmuştur. Geopolimerin 

kullanılmasıyla 8640 ton civarında CO2 emisyonu engellenmiştir. [4] 

Geopolimerler tamir harcı olarak başarılı bir şekilde değerlendirilmiştir [5, 6]. Yonar (2014), 

geopolimer harcın Portland çimentosuyla birlikte kullanarak düşük üretim maliyetli daha iyi 

özelliğe sahip (4 saat sonra yaklaşık 20 MPa basınç dayanımı) üretilebileceğini belirtmiştir [7], 

Topçu (2008), Arıöz (2009) ve Zeybek (2009) uçucu kül tabanlı geopolimeri tuğla üretiminde 

kullanmışlardır [8-10]. Bu çalışmalar, geopolimerin inşaat sektöründe tanınmış, monolitik 

betonarme ve prekast beton eleman üretiminde geleneksel çimento yerine kullanılabilecek 

alternatif bir malzeme olduğunu göstermektedir. 
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Şekil 2. Brisbane West Wellcamp Havalimanı’nın Geopolimer Beton Kaplaması 

 

2. 2. Bazalt Tozu 

Doğal taşlardan biri olan bazalt, Türkiye’de çesitli bölgelerde bulunur. Ancak ülkede bazaltın 

bol hammadde kaynaklarına oranla, tüketici ve üretici tarafından bilinçli olarak kullanımı, 

yeterli düzeyde yaygınlaşamamıştır. Özellikle üretici tarafından bazaltın kullanımına ve teknik 

özelliklerine iliskin bilgiler pek bilinmez. [11] 

Kayaçlar kökenlerine göre magmatik, tortul, ve metamorfik kayaçlar olmak üzere üç ana grup 

altında toplanır. Bazalt taşının bulunduğu grup olan magmatik kayaçlar; yerin derinliklerinde 

ergimiş durumda bulunan magmanın, yerkabuğunun derinliklerinde veya yeryüzünde 

soğuyarak katılaşması sonucunda meydana gelen kayaçlardır. [11] 

Bazalt, gabronun yüzey oluşumudur. Koyu siyah renkli, yoğun, camsı veya mikrolitik dokuda 

yaygın bulunan bir taştır. Yerkabuğu üzerindeki bazalt lavları hacimce diğer volkanik lavların 

toplamının 5 katıdır. Bazalt lavlarının akarak sertleşmesi esnasında içindeki gazlar uçarak 

gözenekli bir yapı meydana gelmesine neden olur. Kimyasal yönden bazalt, %45-52 arasında 

SiO2, yüksek demir ve magnezyum içeren bazik bileşimli kayaç olarak tanımlanır [11]. Bunun 

dışında içeriğinde daha az miktarlarda Na2O, K2O, P2O5, MnO ve TiO2 bulunur [12]. 

Bazaltın sertliği içeriğinde bulunan Si miktarıyla doğru orantılıdır. Bileşiminde bulunan Fe, ona 

ağırlık kazandırır. Basınç dayanımı genellikle 1100-3500 kg/cm2 arasında bulunsa da, bazen 

5500 kg/cm2 kadar yükselebilir. Karbonat grubu mermerlere oranla iki kat daha sert olan 
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“gabro-diyabaz-bazalt” grubu, aşınmaya karşı yüksek direnci, iyi cila kabul etmesi ve asitlerden 

etkilenmemesi gibi farklı ve önemli özellikleriyle dikkat çeker. [11] 

Yapı taşlarının ocaklardan üretimi ve işlenmesi, üretilen taşın cinsine göre değişir [11]. Şekil 

3’te İstanbul civarında bulunan bir bazalt ocağından temin edilen ve bu çalışma için YTÜ Yapı 

malzemeleri laboratuvarında elenen 63 μm’luk bazalt tozu gösterilmiştir. 

 

  Şekil 3. Bazalt Tozu (≤ 63 μm)  

3. Çalışmada Geopolimer Harç Üretiminde Kullanılan Malzemeler 

3.1. Metakaolin 

Bu çalışmada ana malzeme (bağlayıcı) olarak kullanılan metakaolin, Kaolin Endüstriyel 

Mineraller San. ve Tic. A.Ş. (İstanbul / Türkiye) firmasından temin edilmiştir. Özgül ağırlığı 

2.52 gr/cm3’tür. Puzolanik aktivitesi yüksektir (SiO2 + Al2O3 + Fe2O3 = %97.18 > %70). Tablo 

1’de metakaolinin kimyasal bileşimi verilmiştir. 

Tablo 1. Metakaolinin Kimyasal Bileşimi 

Malzeme 

Kimyasal Analiz (%) Kızdırma 

Kaybı 

(%) 
SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O B2O3 

MK 56.10 40.23 0.85 0.55 0.19 0.16 0.51 0.24 - 1.10 

3.2. Öğütülmüş Yüksek Fırın Cürufu  

Öğütülmüş yüksek fırın cürufu (ÖYFC), Bolu Çimento Sanayii A.Ş. firmasından temin 

edilmiştir. Cürufun özgül ağırlığı  2.91 gr/cm3 ve 45 mikronluk elek üzerinde kalan miktarı 

%1.4’tür. Cürufun kimyasal bileşimi Tablo 2’de verilmiştir. 
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Tablo 2. ÖYFC’nin Kimyasal Bileşimi 

Malzeme 

Kimyasal Analiz (%) Kızdırma 

Kaybı  

(%) 
SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O 

ÖYFC 40.55 12.83 1.10 0.75 35.58 5.87 0.68 0.79 0.03 

3.3. Reaktantlar 

Çalışmada geopolimer harcı, metakaolin ve cürufun reaktant karışımı (sodyum hidroksit 

(NaOH) çözeltisi ile sodyum silikat (Na2SiO3) karışımı) ile tepkimesi sonucunda elde 

edilmiştir. Merck firmasından tedarik edilen sodyum silikat, 3.29’a eşit SiO2/Na2O molar 

oranına sahiptir (%27 SiO2 ve %8.2 Na2O). Sodyum hidroksit çözeltisi, saf su içinde NaOH 

parçacıklarının çözülmesiyle 12M’lik konsantrasyonlu olacak şekilde hazırlanmıştır.  

3.4. Agrega ve Dolgu Malzemeleri 

Bu çalışmada agrega olarak, TS 706 EN 12620 [12]’ye uygun, 2 mm’den daha küçük tane 

büyüklüğündeki dere kumu kullanılmıştır. Dolgu malzemesi olarak da 63 μm’luk bazalt tozu 

kullanılmıştır (bkz. Şekil 3). 

4. Geopolimer Harçların Üretimi 

Çalışmada geopolimer harçlar, Davidovits (2008)’in [2] önerileri ve konuyla ilgili mevcut 

çalışmalar [13, 14] dikkatte alınarak, üretilmiştir. Tablo 5’te geopolimer harç bileşimleri 

verilmiştir. Oda sıcaklığında 24 saat bekletildikten sonra kalıplardan çıkartılan 50 mm’lik küp 

ve 40 x 40 x 160 mm boyutundaki prizma numuneler 60oC’deki etüvde 72 saat süreyle 

kürlenmiştir. Daha sonra, üçer numune üzerinde, merkezi basınç (7 ve 28 günlükken) ve 

eğilmede çekme (7 günlükken) deneyleri gerçekleştirilmiştir.  

Bunun dışında çalışmada, referans seri ve kumunda %25 oranında bazalt tozu içeren seriden 28 

günlük küp ve prizma numunelerin (200, 400, 600 ve 800)oC yüksek sıcaklıklara 

dayanıklılıkları incelenmiştir.  

Şekil 4 ve Şekil 5’te çalışmada gerçekleştirilen deneyler için cihaz ve aletler gösterilmiş, Şekil 

6’da yüksek sıcaklık deneylerinde kullanılan teorik sıcaklık-zaman ilişkisi verilmiştir. 

Tablo 5. Geopolimer Harç Bileşimleri  
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Geopolime

r harcı 

Reaktant karışımı 

Metakaoli

n  

(MK) 

(g) 

M
K

 : R
eaktan

t karışım
ı o

ran
ı 

Ö
YFC

 (g) 

Dere 

kumu 

(g) 

Bazalt tozu 

ikamesi 

NaOH 

çözeltis

i 

(g) 

Na2SO

3 

(g) 

NaOH : 

Na2SO3 

oranı 

Bazalt 

Tozu 

(BT) 

(g) 

BT:DK 

Referans 

(BT-0) 
150 300 1:2 450 1:1 60 

1012.

5 
- - 

BT-25 150 300 1:2 450 1:1 60 759.4 
253.

1 
25:75 

BT-75  195 390 1:2 450 1:1.3 60 253.1 
759.

4 
75:25 

 

 

(a) (b) 

Şekil 4. Universal Pres ve Merkezi Basınç Deneyi Aleti (a); Üç Noktalı 

Eğilmede Çekme Deneyi Aleti (b) 
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Şekil 5. Nabertherm B130 Markalı Yüksek Sıcaklık Fırını 

 

Şekil 6. Yüksek Sıcaklık Deneylerinde Kullanılan Teorik Sıcaklık-Zaman İlişkisi 

4. Yapılan Çalışmalar 

4.1. Merkezi Basınç ve Eğilmede Çekme Deneyleri 

Merkezi basınç deneyi 50 mm’lik küp numuneler, eğilmede çekme deneyi 40 x 40 x 160 mm 

boyutundaki prizma numuneler üzerinde gerçekleştirilmiştir (Şekil 7 ve Şekil 8). Deneylerden 

elde edilen sonuçlar Şekil 9’da verilmiştir. 
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Şekil 7. Merkezi Basınç Deneyinden Sonra Küp Numunelerin Halleri 

 

 

 

Şekil 8. Üç Noktalı Eğilmede Çekme Deneyinden Sonra Prizma Numunelerin Halleri 
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(a) 

 

(b) 

Şekil 9. Geopolimer Harçlarının Basınç (a) ve Eğilme Dayanımları (b) 

 

4.2. Yüksek Sıcaklık Deneyleri 

Yüksek sıcaklık deneylerinde 28 günlük numuneler, Nabertherm B130 markalı yüksek sıcaklık 

fırınında (bkz. Şekil 5) (200, 400, 600 ve 800)oC etkisine maruz bırakılmıştır. Uygulanan 

sıcaklık artış hızı 5oC/dak’dır (bkz. Şekil 6). Numuneler yukarıda belirtilen hedef sıcaklığa 

ulaşıldığında bu sıcaklıkta 60 dak. bekletilmiş ve daha sonra ısıtma durdurulup fırın kapağı 

açılarak numuneler oda sıcaklığına gelinceye kadar soğutulmuştur. Yüksek sıcaklık 

uygulamasından üç gün sonra numunelerin ağırlık kaybı, merkezi basınç dayanımı, eğilmede 
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çekme dayanımı ve ultrases geçiş hızı deneyler öncesi ve sonrası olarak değerlendirilmiştir 

(Şekil 10 ve Şekil 11, Tablo 6 ve Tablo 7). 

 

(a) (b) 

Şekil 10. Yukarıdan Aşağı Sırasıyla (200, 400 ve 600) oC Yüksek Sıcak Deneylerinden 

Sonra Numunelerin Halleri: Referans (BT-0) Serisine Ait (a); BT-25 

Serisine Ait (b) 

 

 

Şekil 11. 800 oC Yüksek Sıcaklık Deneyleri Sonrası Prizma Numunelerin Halleri:  
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Referans (BT-0) Serisine ait (a); BT-25 Serisine Ait (b) 

Tablo 6. Yüksek Sıcaklık Deneylerinin Sonuçları 

Geopolimer 

harcı 

Deney öncesi Deney sonrası 
Deney sonrası 

dayanım (MPa) 

Ağırlık (g) Ultrases 

(m/s) 

Ağırlık (g) Ultrases 

(m/s) 
Basınç Eğilme 

Küp Prizma Küp Prizma 

200oC 

BT-0  235.10 469.25 3573 234.20 468.60 2965 68.29 7.34 

BT-25 240.25 492.90 3498 232.10 469.05 2885 80.03 7.05 

400oC 

BT-0 236 467.90 3600 230.20 458.50 1593 43.49 3.25 

BT-25 234.65 487.10 3549 227.95 464.30 1662 40.96 2.11 

600oC 

BT-0 233 467.4 3612 225.5 453 1173 26.91 2.03 

BT-25 241.65 485.95 3465 229.00 459.90 1300 32.61 1.34 

800oC 

BT-0   237.30 490.10 - 204.80 0 - 6.86 0.00 

BT-25 - - - - - - - 1.42 

Tablo 7. Yüksek Sıcaklıklar Sonrası Numunelerin Ağırlık ve Dayanım Kayıplarının Yüzdesi 

Sıcaklık (oC) Geopolimer harcı 

Ağırlık kaybı (%) Dayanım kaybı (%) 

küp prizma basınç eğilme 

200 BT-0 0.38 0.14 7.26 32.30 
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BT-25 3.39 4.84 -27.95 29.09 

400 

BT-0 2.48 2.01 40.94 70.04 

BT-25 2.86 4.68 34.52 78.75 

600 

BT-0   3.22 3.08 63.46 81.27 

BT-25 5.23 5.36 47.87 86.51 

800 

BT-0 13.70 100 90.68 100 

BT-25 - - - 85.71 

“-“ işareti artışı göstermektedir 

Çalışmada, metakaolin-cüruf esaslı geopolimer harç üretiminde bazalt tozunun dolgu 

malzemesi olarak kullanılabilirliği incelenmiştir. Bunun için bazalt tozu, harcın kumuna 

ağırlıkça %25 ve %75 oranlarında katılmıştır. Çalışmada gerçekleştirilen deneylerin sonuçları, 

bazalt tozunun metakaolin-cüruf esaslı geopolimer harçlarda kullanılabileceğini göstermiştir. 

Ayrıca, bazalt tozu ikamesiyle üretilen geopolimer harç serilerinden en iyi sonucu, kumunda 

%25 oranında bazalt tozu içeren seri (BT-25) vermiştir. 
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Simulation of CIGS Solar Cells Using SCAPS-1D Program 

Amina Houimi1, Serap Yiğit Gezgin2, Hamdi Şükür Kılıç3 

Abstract 

The solar energy is considered as a very important alternative for clean energy generation. CIGS 

(Cu(In,Ga)Se2) is among the most significant materials used in second generation solar cells. 

With its adjustable band gap of about 1.0 eV-1.7eV and its big absorption coefficient, CIGS 

material is considered as a very suitable absorber material. In the current study, we used Solar 

Cell Capacitance Simulator (SCAPS-1D) program to generate a model for Mo/CIGS/CdS/i-

ZnO/AZO thin films based solar cells simulation by introducing the different optic and electric 

properties of each layer. Using this SCAPDS-1D program, we can predict separately the effect 

of the different parameters of each layer on the performance of CIGS based solar cells. The 

changing of the temperature and the thickness on CIGS solar cell can have a very big influence 

on the solar cell performance. Also, when changing the defect concentration on the interface 

between buffer layer CdS and absorber layer CIGS, the efficiency of the solar cells decreases.   

Keywords: Solar Cell, Simulation, SCAPS, CIGS, Thin Films. 

 

1. Introduction 

The solar cell industry is a fast-growing field due to its utility as a main alternative for the fossil 

fuels.  CIGS is one of the most known absorbing material for 2nd generation solar cells.  It is a 

p-type material that has suitable band gap and a high absorption coefficient of about 107 m−1.  

The efficiency of the solar cells based on CIGS absorber material has surpass 23% [1]. Many 

different deposition methods have been used to build these thin films such as pulsed laser 

deposition [2], CBD/electrodeposition [3], sputtering [4] and Co-evaporation [5]. 

To date, a variety of software tools have been utilized for theoretical analysis of solar cells.   

SCAPS-1D is the most popular in recent years due to its superior simulation application of solar 
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cell properties [6-9].  SCAPS-1D can compute the steady-state energy band diagram, interface 

recombination and carrier transport based on Poisson's equation and carrier transport [10, 11]. 

In this study, we have intend to study a heterojunction solar cell based on CIGS absorber 

material of the following structure: Mo/p-CIGS/n-CdS/i-ZnO/AZO.  The effect of variation of 

band gap of CIGS and its thickness has been studied according to photovoltaic (PV) properties 

of our solar cell.  Also, the influence of the interfacial defect concentration between CIGS 

absorber layer and CdS buffer layer has been investigated in details.  Our paper has given an 

idea of the possible behavior of CIGS based solar cells using a very effective program tool; 

SCAPS-1D.  

2. Device Simulation and Modelling: 

SCAP-1D is (one-dimensional solar cell device simulator) a numerical tool that is freely 

available for researcher around the world to predict and study the behaviors of different solar 

cells under multiple condition.  It has been developed at the university of GENT by ELIS Group.  

We have used this program to simulate one of the most used solar cells structures; 

Mo/CIGS/CdS/i-ZnO/AZO.  Our structure is presented in FIGURE (FIG)-1. Also, the different 

parameters of each layer is presented in Table 1. 

Table 1. Physical parameters used in this simulation model. 

Layers AZO i-ZnO CdS p-GIGS 

Band Gap (eV) 3.3 3.3 2.4 Variable 

Electron affinity (eV) 4.45 4.45 4.2 4.5 

Dielectric permittivity (relative) 9 9 10 13.6 

CB effective density of states (cm-3) 2.20*1018 2.20*1018 2.20*1018 2.20*1018 

VB effective density of states (cm-3) 1.80*1019 1.80*1019 1.80*1019 1.80*1019 

Electron/Hole thermal velocity (cm/s) 1.00*107 1.00*107 1.00*107 1.00*107 

Electron/Hole mobility (cm2/Vs) 100/25 100/25 100/25 100/25 

Shallow donor density (cm-3) 1.00*1019 1.00*1015 1.00*1017 0 
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Shallow acceptor density (cm-3) 0 1.00*1015 0 1.00*1016 

Thickness 200 nm 50 nm 50 nm Variable 

Interfacial defects 

Defect position  CIGS/CdS 

Capture cross section electrons/hole (cm2) 1.00*10-15 

Total defects density (cm-3) Variable 

   

 

Figure: The SCAPS-1D heterojunction solar cell definition panel. 

3. Results and Discussion 

4. Effect of Absorber Layer Band Gab Variation 

In FIG-2, we have presented the variation of the optoelectric parameters of the heterojunction 

solar cell according to the variation of CIGS band gap.  We can clearly see that the open circuit 

voltage (Voc) of the solar cell increases with increasing the band gap and reached saturation 

values of 0.85 V when the band gap is 1.5 eV.  The augmentation can be attributed to the fact 

that the intrinsic carrier density of CIGS layer will decrease with increasing bang gap.  This 

will rise the built-in electric field in the depletion region and help the separation of charges.  

The FF followed the same track as Voc.  Jsc decreases due to the diminution of the photo 

absorption by increasing the band gap.  The power conversion efficiency will reach a maximum 

value of 21.1% [12]. 
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Figure 2. The curves of solar cell performances with variable band gap of CIGS absorber layer.  

4.1. The Effect of the Absorber Layer CIGS Thickness 

We have varied the thickness of the CIGS layer from 1μm to 3μm and the resulted J-V outputs 

are present in FIG-3.  With the increase in the thickness of CIGS thin film, all electric 

parameters of the solar cell reach to a maximum value of 0.9 V, 33.73 mA/cm2, 81.1% and 

24.48% for Voc, Jsc, FF and the efficiency, respectively.  This enhancement is caused by the 

collection of the photons with the longer wave length in the absorber layer. Thus, the number 

of photo-generated electron-hole pair grows.  Also, the recombination of the photo-generation 

electrons at the back region of solar cell decreases by augmentation of CIGS thin film thickness 

[13, 14].  

a 

c 

b 

d 
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Figure 3. The curves of solar cell photovoltaic performance with variable thickness of CIGS 

absorber layer. 

4.2. The Effect of the Interfacial Defect Density of CIGS/Cds Interface: 

During the growth of CdS thin film over CIGS thin films, a number of defects was generated 

at this interface between the two layers.  Due to that, a reduction of the overall performance of 

the solar cells is observed in FIG-4.  In the present SCAPS-1D study, we have varied the defect 

concentration at the interface between CIGS and CdS from 106 cm-3 to 1016 cm-3.  By increasing 

these defects, all the solar cell parameters reduced down to a minimum efficiency value of 

17.6%.  This diminution is due to the augmentation of defects concentration that  represents a 

recombination centres [15, 16]. 

a 

c 

b 

d 
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Figure 4. The curves of solar cell performances with variable interfacial defect of CIGS/CdS 

interface. 

5.      Conclusion:  

In this study, we have been able to follow the developments in the solar cell parameters by 

varying the input parameters using SCAPS-1D program.  We have changed the band gap of 

CIGS absorber layer and found out that it has a big impact on the output parameters by 

increasing the overall performance of the heterojunction solar cell. By increasing thickness of 

CIGS thin layer, all the optoelectric properties of the solar cell have been increased where the 

efficiency has reached a value of 24.48%.  In addition, by increasing the concentration of 

interfacial defects between CdS buffer layer and CIGS absorber layer, Jsc and FF values witness 

a big drop.  This did cause a diminution of the efficiency to17.6% when the defect concentration 

is about 1016 cm-3.  

a 

c 

b 

d 
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Exergy Efficiency of a Concentrated Photovoltaic -

Thermoelectric System with Consideration of Thomson Effect 

and Contact Resistance 

Aminu Yusuf1 

Abstract 

A real thermodynamic system has both internal and external irreversibilities, and these 

irreversibilities can be identified and minimised through exergy analysis. Concentrated 

photovoltaic-thermoelectric hybrid system is a thermodynamic system that utilizes full solar 

spectrum to generate electrical energy. In the last few years, the hybrid system has received 

much attention from researchers, this is largely due to its superior output performance in 

comparison to conventional flat plate/concentrated photovoltaic systems. The high output 

performance is associated with additional electrical output from the thermoelectric module 

operating in the system. Operation of thermoelectric device depends on many factors among 

which are Thomson effect and contact resistance. In this study, exergy analysis of concentrated 

photovoltaic-thermoelectric system has been conducted, and the influence of Thomson effect 

and contact resistance of thermoelectric module on the exergy efficiency of the hybrid system 

are determined. The results indicated that Thomson effect has insignificant influence, while the 

contact resistance has significant influence on the exergy efficiency of the system. The highest 

and lowest exergy efficiencies of the system are 17.84% and 9.72%.  

Keywords: Concentrated Photovoltaic, Contact Resistance, Exergy Efficiency, 

Thermodynamic System, Thermoelectric Module, Thomson Effect. 

 

1. Introduction  

For more than half a century, solar energy is being utilised to generate electricity through the 

use of photovoltaic (PV) cells. This way a clean energy is produced and it is being accepted 

globally. The system has low running cost; however, its initial cost might be high because many 

PV cells are required to be installed to generate substantive amount of electrical energy. In an 
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attempt to reduce the overall cost, concentrator can be used to increase the amount energy 

reaching the PV cells, this will result in the reduction of the number of the PV cells while at the 

same time high output power is produced. Addition of concentrator causes the temperature of 

the PV to rise, this affects the performance of the PV because the PV cells are designed to 

operate at room temperature. The thermal energy that heat up the PV surface can be dissipated 

through use of thermoelectric generator (TEG). Thermoelectric generator absorbs the thermal 

energy absorbed from the rear side of the PV and convert into electrical energy.   

Concentrated photovoltaic-thermoelectric (CPV-TE) system is a thermodynamic system in 

which laws of thermodynamics can be used to evaluate the performance of the system. Energy 

analysis is conducted using law of conservation of energy, and it measures the utilisation of 

energy in a thermodynamic process. Exergy analysis is carried out through the use of law of 

conservation of mass and energy [1]. The maximum amount of work a system can deliver when 

at equilibrium with the reference environment is termed exergy of the system [2]. 

Thermodynamic systems have both internal and external irreversibilties; while energy analysis 

only accounts for the external losses, exergy analysis deals with both internal and external 

irreversibilties, it is a measure of quality of energy that is either destroyed or consumed [3].  

To date, many researchers have conducted energy and exergy analyses of photovoltaic/thermal 

(PV/T), photovoltaic-thermoelectric (PV-TE), concentrated photovoltaic/thermal (CPV/T), and 

concentrated photovoltaic/thermoelectric (CPV-TE) systems. Paraffin wax was used to 

improve the cooling system of a CPV/T [4]. The study achieved a highest exergy efficiency of 

14.67% at an average PV temperature of 30 °C. Using newly derived equations and 

experimental data of New Delhi - India, Joshi et al. [5] calculated the energy and exergy 

efficiencies of PV and PV/T systems. The PV/T system is found to be advantageous over PV 

because it generates both electrical energy and hot water for use in urban and remote areas [6]. 

Li et al. [7] conducted energy and exergy analyses of a CPV/TE system. They identified six 

exergy destructions in the system, and they concluded that the output efficiency of the system 

can be improved by carefully selecting a PV that operates at high concentration ratio 

2. Mathematical Formulation 

The porposed CPV-TE system is made up of a concentrator, PV cell, trapezoidal copper plate, 

TEG, and a heat sink as shown in Fig. 1. Herein, the concentrator concentrates the energy onto 

the small PV receiver, while the PV receiver converts part of the energy into electrical energy 
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and the other part is absorbed by the TEG via the trapezoidal copper plate. The heat sink 

dissipates the remaining part of the thermal energy.   

Concentrator

…… n …...                            

PV cell

Ceramic

N P N PNP

Ceramic

Heat sink

Copper plate

Solar Energy

 

Figure 1. Diagram of the concentrated photovoltaic-thermoelectric system. 

The one-dimensional analysis of energy on top surface of the PV is given as [8]: 

𝐶𝐺𝐴𝑝𝑣𝜏𝑔𝛼𝑝𝑣 = 𝑄𝑐𝑜𝑛𝑣 + 𝑄𝑟𝑎𝑑 + 𝑃𝑝𝑣 + 𝑄ℎ                     (1) 

where first term on the right is the convection losses, second term is radiation losses, third is 

the power generated by the PV, and fourth is the heat absorbed by the TE module. 

Output power of the PV is: 

𝑃𝑝𝑣 = 𝐶𝐺𝐴𝑝𝑣𝜏𝑔휂𝑟 (1 — 𝛽𝑝𝑣(𝑇𝑝𝑣— 𝑇𝑟))                            (2) 

While losses on the top surface of the PV are given as: 

𝑄𝑐𝑜𝑛𝑣 =  ℎ𝑐𝑜𝑛𝑣𝐴𝑝𝑣(𝑇𝑝𝑣 — 𝑇𝑎)                      (3) 

𝑄𝑟𝑎𝑑 = 휀𝐴𝑝𝑣𝜎(𝑇𝑝𝑣
4 — 𝑇𝑎

4)                    (4) 

where C is the optical concentration ratio, G is the solar radiation, Apv is the area of the PV, αpv 

is the absorptivity of PV, σ is the Stefan Boltzmann constant, τg is the transmissivity of glass, ε 

is the emissivity of the PV , Tr is temperature at standard test conditions, Ta is the temperature 
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of ambient air, Tpv is the temperatures of the PV, ηr is the reference efficiency of PV, βpv is the 

efficiency temperature coefficient of PV, Lg is the thickness glass, Kg is the thermal conductivity 

of glass, while hconv is the heat transfer coefficient due to convection on the surface of the PV.  

Now the heat energy on the hot side of the TEG can be obtained as [9]: 

𝑄ℎ = 𝑃𝑇𝐸 + 𝑄𝑐              (5) 

The maximum electrical power that can be generated by the TEG through Seebeck effect with 

inclusion of Thomson effect is given as [10]: 

𝑃𝑇𝐸 =
𝑁[𝑆ℎ𝑇ℎ — 𝑆𝑐𝑇𝑐 — 𝜏(𝑇ℎ — 𝑇𝑐)]2

4𝑅
           (6) 

where N is the number of thermocouples, Sh and Sc are the Seebeck coefficients of hot and cold 

sides, τ is the Thomson coefficient, R is the internal resistance of a thermocouple. 

Transport properties of the TEG are obtained from [11], the internal resistance of the TE module 

and Thomson coefficient are temperature dependent and can be obtained as [12]:  

𝑅𝑇𝐸 = 𝑁𝐿(𝑇ℎ − 𝑇𝑐) (
1

𝐴𝑝 ∫
𝑇ℎ

𝑇𝑐
𝜎𝑝(𝑇)𝑑𝑇 

+  
1

 𝐴𝑛 ∫
𝑇ℎ

𝑇𝑐
𝜎𝑛(𝑇)𝑑𝑇

) + 𝑅𝑐𝑜𝑛        (7) 

𝜏 =
1

𝑇ℎ−𝑇𝑐
∫

𝑇ℎ

𝑇𝑐
𝑆′(𝑇) 𝑇𝑑𝑇            (8) 

where L is the length of a thermoelement, σp/n is electrical conductivity, S’ is the derivative of 

Seebeck coefficient, An/p is the cross-sectional area of a thermoelement, Rcon is the total contact 

resistance of thermoelements and is considered to be 10% of the total internal resistance of the 

TE module. 

For a water-cooled heat sink, the rejected heat on the cold side of the TEG given in terms of 

thermal resistance (Rth) between the cold side of thermoelements and cooling water is: 

𝑄𝑐 =
𝑇𝑐 — 𝑇𝑓

 𝑅𝑡ℎ
= 2𝑛𝑐ℎ𝑣𝑤𝐴𝑐ℎ𝜌𝑤𝐶𝑝(𝑇𝑓 — 𝑇𝑎)                      (9) 

where Tf is temperature of the air at the exit of the heat sink, nch is the number of channels, 

vw=�̇�/(𝑛𝑐ℎ𝐴𝑐ℎ) is the mean speed of water in the channel, Ach=hf wch is the cross-sectional area 
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of the flow, ρw is the density of water, Cp is the heat capacity of water, �̇� is the volume flow 

rate of water, wch is the width of a channel, hf is the height of channel/fin.   

In this study, the power consumed by the water pump is so small and is therefore neglected. 

Thus, useful exergy output is the same as the net output power of the system and is given as: 

�̇�𝑥𝑜𝑢𝑡 = 𝑃𝑝𝑣 + 𝑃𝑇𝐸                                (10) 

The exergy input to the CPV-TE is given as: 

�̇�𝑥𝑖𝑛 = 𝐶𝐺𝐴𝑝𝑣 [1 −  
4

3

𝑇𝑎

𝑇𝑠
 +  

1

3
(

𝑇𝑎

𝑇𝑠
)

4

]                            (11) 

where Ts is the temperature of the sun, and the term in the square bracket is the exergy of solar 

radiation.         

Exergy efficiency of the system can be given as: 

𝛹𝑠𝑦𝑠 =
�̇�𝑥𝑜𝑢𝑡

𝐶𝐺𝐴𝑝𝑣(1 − 
4

3

𝑇𝑎
𝑇𝑠

 + 
1

3
(

𝑇𝑎
𝑇𝑠

)
4

)
                     (12) 

3. Results and Discussion 

In order to determine the exergy efficiency of the system, the above equations are coupled and 

solved in MATLAB environment with the parameters presented in Table 1. Figure 2 shows the 

temperature of the PV with variation of solar irradiance. It can be seen that the temperature of 

the PV increases with increase in the solar irradiance. Herein, one can see three cases: both the 

Thomson effect and the contact resistance are included, the Thomson effect not included, and 

contact resistance not included. It can be seen that the least temperature is obtained when the 

contact resistance is not included. This is because the presence of contact resistance in the TEG 

increases the junction temperature, this in turn raises the temperature of the PV. The Thomson 

effect does not have any influence on the temperature of the PV.  

Table 1. Parameters of the CPV-TE system. 
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Description 

Details 

Symbol Value Unit 

Surface area of a thermoelement An/p 2.36×10-6 m2 

Surface area of PV cell Apv 1×10-4 m2 

Temperature of atmosphere Ta 298 K 

Thermal resistance of the cooling method Rth 2.84×10-2 K/W 

Height of copper plate hcu 3×10-3 m 

Volume flow rate �̇� 1.35×10-4 m3/s 

Stefan Bolztmann constant σ 5.67×10-8 W m-2 K-4 

Height of channel hf 0.5×10-3 m 

Heat transfer due to convection hconv 9.5 W m-2 K-1 

Specific heat capacity Cp 4183 JKg-1 K-1 

Density of water ρ 998.2 Kg m-3 

Number of channels nch 20  

Concentration ratio C 240  

Optical efficiency  ηopt 0.95  

Reference efficiency of PV cell ηr 0.198  

Efficiency temperature coefficient of PV cell 𝛽pv 0.005 1/K 

Absorptivity of PV cell αpv 0.9  

Transmissivity of glass cover τg 0.9  

Width of channel wch 1×10-3 m 

Temperature of the sun Ts 5777 K 
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Figure 2. Temperature of the PV versus solar irradiance. 

Now figure 3 presents the temperature of the hot side of the TEG with respect to the solar 

irradiance. Again, this temperature monotonically increase with increase in the solar irradiance. 

The Thomson effect does not have much influence on the temperature of the hot side, this is 

because the temperature gradient between the hot and cold side is not large enough to cause any 

significant changes. When the contact resistance is not included, the heat resistance is reduced, 

meaning that low temperature is observed. The difference between the temperature of the hot 

side when both the Thomson effect and contact resistance are included and when the contact 

resistance is not included increases with increase in the solar irradiance. Similar analysis is 

obtained in figure 4. Figures 2 to 4 demonstrate that Thomson effect does not have any 

significant influence on the temperatures, while presence of contact resistance increases the 

temperatures.  

The exergy efficiency of the system against variation of the solar irradiance is given in figure 

5. The exergy efficiency of the system reduces with increase in the solar irradiance, this is due 

to the increase in the temperature of the PV. The performance of the PV decreases with increase 

in the surface temperature of the PV. At maximum solar irradiance, the exergy efficiencies of 

the system are 9.72% and 10.86% when both the Thomson effect and contact resistance are 

included, and when contact resistance is not included. Thomson effect does not have any 

significant influence on the exergy efficiency of the system due to the low temperature gradient 

across the two sides of the TEG. While due to the low temperature of the PV observed when 

the contact resistance is not included, higher exergy efficiency is observed. 
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Figure 3. Temperature of the hot side of TEG versus solar irradiance. 
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Figure 4. Temperature of the cold side of TEG versus solar irradiance. 
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Figure 5. Exergy efficiency of the system versus solar irradiance. 

4. Conclusion  

Concentrated photovoltaic-thermoelectric system is a thermodynamic system that utilizes full 

solar spectrum to generate electrical energy. Thomson effect and contact resistance of the 

thermoelectric module have influence on the performance of the module. Herein, this two 

factors are studied to determine their influences on the exergy efficiency of a concentrated 

photovoltaic-thermoelectric system. The analysis revealed that the Thomson effect has 

insignificant influence, while the contact resistance has significant influence on the exergy 

efficiency of the system. The lowest exergy efficiency of 9.72% is obtained at 1000 W m-2 

when both the Thomson effect and contact resistance are included.   
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The Effect of Fiber Type on the Mechanical Properties of Fiber 

Reinforced Cement Mortar 

Asfaw Mekonnen Lakew1, Abdelaziz Yousuf Mohamed, Nihat Kabay, Burcu Dinç Şengönül 

Abstract 

 In this study polypropylene, steel, and basalt fibers were added to the cement-sand matrix. The 

fibers can prevent crack propagation and alter the brittle mode of the cement composite to a 

ductile cement matrix with better crack resistance. This paper presents the influence of fiber 

inclusion on the compressive strength, flexural strength, and load-deflection characteristics of 

mortars. In the investigation, three 100*100*100 mm cubes and three 50 mm x 20 mm x 300 

mm mortar prisms were produced with a fiber volume fraction of 1.0% for each fiber type. A 

plain mortar specimen was also cast from the same cement-sand mix to compare the strength 

characteristics of plain and fiber-reinforced mortar mixtures and to determine the effect of fiber 

inclusion. The results revealed that the 28 days compressive strength of polypropylene, basalt, 

and steel fiber reinforced mortar increased by 6.9%, 7.7%, and 16.2%, respectively, with the 

inclusion of fiber. The flexural strength increased by 4.9% due to the addition of polypropylene 

fiber. The 28 days flexural strength of basalt and steel fiber reinforced beams were improved 

by 10.0% and 19.9%, respectively.  Fiber addition significantly enhanced the load-deflection 

behavior and improved the toughness and energy absorption capacity of the reinforced 

specimens, in comparison to the control specimen. As a result, fiber-reinforced samples resulted 

in a larger load-deflection area. 

Keywords: Polypropylene Fiber, Steel Fiber, Basalt Fiber, Compressive Strength, Flexural 

Strength, Load-Deflection Behavior. 

 

1. Introduction 

Fiber-reinforced mortar composites are the result of the combination of either discrete or 

continuous fiber additives to the cement-sand matrix. The addition of the fibers in the cement-
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sand matrix improves some properties of fiber-reinforced mortar composites; however, several 

factors affect the out coming properties of the composites. Fibers have a great advantage to 

overcome the brittle nature of the cement sand matrix. Hence, it improves the failure 

characteristics of the resulting matrix. Also, fibers play a significant role in controlling crack 

growth in the resulting mortar matrix. The type, length, diameter, the fraction of the fibers, and 

the bond between fiber and matrix are among the factors influencing the expected properties of 

the resulting combination; however, this paper mainly discusses the impact of fiber type on the 

mechanical performance of cement-sand matrix.  

Divyeshkumar et al. [1] studied the effect of using polypropylene fibers on cement mortar. The 

study showed that polypropylene fiber addition in the cement mortar matrix significantly 

improved the compressive strength of the fiber-reinforced mortar compared to that of the plain 

mortar. The investigation by Sun and Xu. [2] revealed that utilizing 0.9 kg/m3 polypropylene 

fiber enhanced the compressive strength, flexural strength, and toughness properties compared 

to that of the control sample. According to Najimi et al. [3], the compressive strength and 

flexural strength of polypropylene fiber reinforced concrete have been increased with the 

increase of the length of the fibers. The increment may be due to the ability of fibers to bridge 

cracks formed during the application of the external load and therefore increases the load 

resistance of the combined matrix.  On the other hand, Hsiu-Lung Huang et al. [4] pointed out 

that increasing the polypropylene fiber amount reduces the concrete’s compressive strength at 

28 days. Nevertheless, at the early ages (3 and 7 days) rise in the polypropylene fiber content, 

increased the compressive strength. Furthermore, the addition of polypropylene fiber improved 

the 28-day flexural strength and toughness values of the resulting specimens. 

Oktay et al. [5] reported that the compressive strength of mortar mixtures decreased with the 

addition of polypropylene fiber; however, the decrement rate was relative to the fiber ratio 

where the lower reduction was recorded with the reduction of the fiber ratio. In the study, the 

polypropylene fiber with 12mm length showed better compressive strength than the 6mm long 

polypropylene fiber. The flexural strength obtained using 12mm long and 0.25% polypropylene 

fiber ratio was improved by 7%. The flexural strength using the same length of fiber and 1% 

fiber ratio was decreased by 23.6%, compared to the control sample.  

Mohammad et al. [6] studied the effect of polypropylene, basalt, and hybrid fiber on the 

mechanical properties of reinforced concrete. According to the study, the 7 and 28 days 
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compressive and split tensile strength of the matrix shows a significant improvement after the 

inclusion of basalt and polypropylene fiber.  The volume fraction of 1.2% and 1.5% of basalt 

and polypropylene fiber, respectively, have recorded better strength properties compared to the 

plain concrete. However, the compressive strength of polypropylene fiber resulted less as 

compared to the basalt fıber. Kabay [7] presented the effect of basalt fiber on the mechanical 

properties of Portland cement concrete and reported that the inclusion of basalt fiber has led to 

an increase in the flexural strength of the concrete mixture, but a drop in compressive strength. 

Mustapha Abdulhadi [8] reported that the compressive strength was decreased by about 0.61% 

and 17.3% at 0.9% volume fraction of basalt and polypropylene fibers, respectively, in 

comparison to a specimen produced without fibers. The tensile strength of the resulting matrix 

has been increased at the basalt and polypropylene fiber dosage of 0.6% and 0.3%, respectively. 

Hughes and Fattuhi [9] indicated that the compressive strength was reduced with the increase 

of the fiber content; however, the flexural performance was enhanced with the rise of fiber ratio. 

Fanella and Naaman [10] reported how the inclusion of steel, glass, monofilament 

polypropylene, and twisted polypropylene filaments in different volume fractions influenced 

the compressive stress-strain curves of the cement-sand matrix. The fibers restrained the cracks, 

thus causing an improvement in the maximum strain and ductility. Damyanti and Modhera [11] 

studied some mechanical properties of mortars containing steel fiber of 0.3, 0.4, 0.5, 0.6, 0.8, 

and 1.0 %. The 3, 7, and 28 day’s compressive strength and split tensile strength of reinforced 

mortar has revealed an exciting output compared to the plain mortar. Also, the inclusion of 

fibers in mortar resulted in a better compressive strength compared to plain mortar. 

In this study, the effect of polypropylene fiber, basalt fiber, and steel fiber on the mechanical 

properties of cement mortar was comparatively investigated. For this purpose, compressive 

strength and flexural strength tests were performed. During the flexural testing, load and 

deflection data were recorded to evaluate the toughness and the toughness index of the cement 

mortar specimens. 

2. Experimental Study 

2.1 Materials and Mix Design 

The specimens were prepared using fine aggregate, CEM-I 42.5R type Portland cement, three 

different types of fibers, and water. The Blaine fineness and specific gravity of the cement were 

3312 cm2/g and 3.1 respectively. The chemical composition of the cement is shown in Table 1. 



7th International Student Symposium 
 

66 

www.internationalstudentsymposium.com/en/ 
 

The fine aggregate used in the study had a Dmax of 4 mm and a specific gravity of 2.7.  Three 

different types of fibers were used, namely, basalt fiber, steel fiber, and polypropylene fiber. 

Some properties of the fibers provided by the manufacturers are presented in Table 2. The 

mixture's design of the mortars is given in Table 3. The water to cement ratio was 0.5 in all 

mixes, and the fine aggregate and the cement paste were proportioned to be equal by volume 

(50% each). The fiber content was fixed as 1% of the total volume of the mortar mixes.  

Table 1. Chemical composition of cement 

Composition  CaO SiO2 Al2O3 Fe2O3 MgO Na2O K2O SO3 K 

% 63.6 19.6 4.72 3.27 1.91 0.34 1.06 4.72 2.69 

Table 2. Fiber properties  

Type of fiber 
Diamet

er (µm) 

Lengt

h 

(mm) 

Tensile 

strength 

(MPa) 

Densit

y 

(g/cm3

) 

Young’s 

modulus  

(MPa) 

Basalt 9-23 24 4840 2.8 89000 

Steel 14 12 850 7.8 200000 

Polypropylen

e - 12 350-700 0.91 3000-3500 

 

The mixtures were coded as S1, S2, S3, and S4 where they represent the control mortar (without 

fiber), basalt fiber reinforced mortar, steel fiber reinforced mortar, and polypropylene 

reinforced mortar, respectively (Fig.1). The mortar mixtures were batched in a vertical axis 

mortar mixer. To ensure homogeneity of the mixture, the sand and cement were dry mixed in 

the mixer for 30 seconds, and then the fiber was added. Then, the water was progressively 

added, and all of the constituents were mixed for at least 2 more minutes until a homogeneous 

mix was obtained. For each mixture, three 100mm x 100mm x 100mm cubes, and three 300mm 

x 50mm x 30mm prisms were cast into molds in two layers, where each layer was consolidated 

by vibration. The specimens were removed from the molds after 24  hours and placed in water 
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at 20±2°C until the testing day. The compression test and flexural test were performed at 28 

days on 3 specimens for each mix. 

 

Figure. 1 Schematic structure of mixtures used in the mortar production 

Table 3. Mix design of mortar mixes 

Mix ID Water-

cement ratio 

Cement  

(kg) 

Water  

(kg) 

Sand  

(kg) 

Fiber 

(% by volume) 

S1 0.5 2.43 1.22 5.4 - 

S2 0.5 2.43 1.22 5.4 1 

S3 0.5 2.43 1.22 5.4 1 

S4 0.5 2.43 1.22 5.4 1 

 

2.2 Testing Procedure 

The tests performed to determine the mechanical properties of polypropylene, basalt, and steel 

fiber reinforced and plain specimens were compressive strength, and flexural strength. The 

compressive strength test was performed according to EN 12390-3 [12] on three 100×100×100 

mm3 cube samples for each mix at a loading rate of 0.6 MPa/s. The compressive strength was 

determined by proportioning the failure load to the cross-section area of the samples. A flexural 

strength test was performed on three prism samples with nominal dimensions of 50×20×300 

mm per ASTM C 1609 [13]. The test was performed by using a displacement-controlled test 

machine and the loading rate was applied as 1 mm/min. The samples were placed on two bottom 

supports with a span length of 275 mm and the test was continued until the failure of the 
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samples. During the test, load and deflection data were recorded and the flexural strength of the 

specimens are evaluated using the following formula: 

𝜎𝑓 =
𝐹×𝐿

𝑏×𝑑2                                                                                           (1) 

Where F is the maximum force applied (N), L is the span length between two supports (mm), 

b is the width of the tested specimen (mm), and d is the thickness (mm). 

The load-deflection data recorded during the flexural testing of specimens were used to 

determine the toughness. Toughness was determined as the total area under the load-

displacement curve. The toughness index was determined using the similar procedure given in 

ASTM C 1609 [13]. To determine the toughness index, the load-deflection data was exported 

into MATLAB using XLSREAD, and the area under the curve was calculated using the TRAPZ 

command. The toughness index was then determined by dividing the total area under the load-

displacement curve by the area up to the first peak load [14]. 

3. Results and Discussion 

The compressive performance of the cement-sand matrix is a crucial parameter because it 

determines the other properties such as tension, flexure, shear, etc. The effect of fibers on the 

compressive strength of mortar and concrete has been addressed in various researches and 

observed that fibers either reduced or improved the compressive strength of mortar and concrete 

[1-9, 11 ]. According to the present investigation, the compressive strength of steel fiber 

reinforced mortar has shown the highest increment by 16.2%, compared to the control 

specimen. Whereas, polypropylene and basalt fiber reinforced specimens have recorded 7.7% 

and 6.9% increments respectively as shown in Fig. 1. 
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Figure. 1 Compressive strength of mixtures 

 

Figure 2 gives the flexural strength values obtained for the mixtures S1, S2, S3, and S4. The 

data shows that the addition of basalt and steel fibers to the cement mortar increased the flexural 

strength by 10.0% and 19.9%, respectively. The addition of polypropylene fiber, on the other 

hand, slightly raised the flexural strength of the composite from 6.73 MPa to 7.06 MPa, 

resulting in about 5% improvement. Also, it was observed that fiber-reinforced specimens have 

shown a plastic failure that occurred with some warnings. Steel and polypropylene fiber 

reinforced specimens have shown a significant warning before possible failure and therefore 

incorporation of fibers alters the failure mode of the test specimens. The stress originated from 

the loading and bending of a reinforced mortar matrix is transferred onto the fiber, and then the 

fiber began to withstand the force after the failure of the cement sand matrix. Therefore, the 

synergetic effect of the fiber and mortar matrix restricted the occurrence of a sudden failure in 
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the resulting composite. [14, 16]. Fig. 2 clearly shows that the steel fiber has caused the highest 

influence on the flexural response of the mortars compared to the other fibers tested.  

 

Figure. 2 Flexural strength of mixtures 

Fig. 3 presents the load-deflection behavior of the plain (control) and fiber-reinforced mortar 

mixes. Test results showed, in general, that the fiber-reinforced mortar specimens resulted in 

better ductility behavior compared to the plain mortar samples as seen in Fig. 3. The possible 

reason for this outcome is the fiber's ability to bridge cracks and to restrain further opening due 

to possible cracks [14, 15, and 16]. Moreover, the deflection corresponding to the limit of 

proportionality has increased with the inclusion of fibers. This property has shown significant 

improvement with the addition of basalt fiber. On the other hand, both steel and polypropylene 

fiber reinforced mortar specimens have resulted in only a slight increase in comparison to the 

reference sample. To achieve more deflection in the prismatic samples, additional forces and 

energies are needed to pull out or fracture the fibers. This shows that fiber plays a significant 

role in terms of preserving the integrity of the mortar matrix.  Furthermore, the load-carrying 

capacity of the beams beyond cracking has been enhanced with the inclusion of fibers. The 

improvement created a long post-peak descending portion in the load-deflection curves. Thus, 

steel and polypropylene fiber reinforced mortar specimens have shown a better post crack load-

carrying capacity (Fig. 3). The post-crack stress resisting capacity of basalt fiber reinforced 

samples have not shown significant improvement compared to the plain samples. Therefore, 

steel and polypropylene fiber reinforced beams experienced larger load-deflection curve areas, 

than the reference beams. This indicates that steel and polypropylene fiber reinforced beams 
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possess higher energy absorption capacity, which results in a better toughness property. Table 

5 presents the toughness and the toughness index values of the plain and fiber-reinforced mixes. 

Test results indicate that the steel fiber (S3) and polypropylene (S4) fiber-reinforced mixtures 

showed superior performance in terms of toughness and toughness index values compared to 

the control mix. The toughness of the steel fiber reinforced mortar mixture was found as 1084.8 

Nmm which is more than 10 times that of the control mix. The basalt fiber reinforced mixture 

contributed to the toughness (about 2.9 times the control sample), however, the value it 

achieved was significantly lower than that of the steel and polypropylene fiber-reinforced 

composites.  

   

   

Figure. 3. Load-deflection curves of the mixes (a) Reference mix, (b) basalt fiber reinforced 

mix, (c) steel fiber reinforced mix, (d) polypropylene fiber-reinforced mix 

Table 5. The toughness and the toughness index values of the mixes 

Mix ID S1 S2 S3 S4 
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Toughness (Nmm) 
100.

4 

294.

3 
1084.8 

1007.

8 

Toughness Index 1.3 1.6 9.1 8.7 

4. Conclusions 

This study comparatively investigated the mechanical properties of fiber-reinforced cement 

mortars incorporating basalt, steel, and polypropylene fibers. The main goal of this 

experimental work is to determine the effect of these fibers on the mechanical properties of the 

cement-sand matrix. The compressive and flexural strength tests were conducted to characterize 

the mechanical properties of the specimens. The incorporation of the fibers significantly 

improved the compressive and flexural strength of the mortar specimens. The steel fibers have 

shown an outstanding overall performance when compared to the rest of the fibers. 

Polypropylene fiber reinforced specimens possessed better post crack load-carrying capacity 

that was only slightly less than the steel fiber reinforced samples. Besides, basalt fiber 

reinforced samples have recorded the highest deflection corresponding to the limit of 

proportionality; nevertheless, its overall load-deflection curve area was not prospective in terms 

of the energy absorption capacity. It has resulted in the lowest toughness index compared to the 

other fiber-reinforced mixtures. In conclusion, incorporating fibers, such as steel and 

polypropylene, in the mortar matrix improves the energy absorption capacity and toughness of 

the resulting specimens, in addition to the flexural strength and compressive strength. 
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Testimonial Study of Groundwater Quality Using Geographic 

Information System (GIS) And Empirical Method: Health Risk 

Assessment in Islamabad, Pakistan 

Asifa Anwar1 

Abstract  

Groundwater is an essential natural resource required for drinking by mankind and it cannot be 

optimally used and sustained unless its quality is adequately assessed. In Pakistan, since the 

quality and quantity of freshwater varies from one area to another, therefore, the research aimed 

to evaluate the groundwater quality in the capital of the country, Islamabad, in order to 

determine its suitability for drinking purpose. To this end, an attempt was made in order to 

identify the quality of groundwater for drinking within the study area based on water quality 

determination using Water Quality Index (WQI), after which an integrated analysis of 

physiochemical and biological parameters using Geographic Information System (GIS) was 

done and lastly, comparison was made for the monitored values obtained from Pakistan Council 

of Research and Water Resources (PCRWR) for different points in Islamabad with the results 

attained through survey. According to an overall assessment, it can be said that the drinking 

water quality in Islamabad is fair, suggesting groundwater in the sectors located near the 

industrial and domestic waste disposal sites to be apparently unsuitable for drinking.  Adequate 

monitoring and treatments are mandatory to overcome the issues faced by the residents in terms 

of diseases arising from the intake of poor-quality water. The study basically demonstrates the 

application of water quality index in estimating or understanding the quality of groundwater, 

which appears to provide accurate results for water quality management.  

Keywords: Water Quality Index (WQI), Groundwater, Physiochemical and Biological 

Characteristics, Geographic Information System (GIS), Empirical Method, Water Related 

Diseases. 
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Introduction 

Water Nuisance 

Water is necessary for biochemical processes taking place in every living organism and is basic 

requirement for human being but unfortunately, it is being largely contaminated by physical, 

chemical, and biological impurities. The presence of these contaminants in drinking water is a 

great threat to the public health causing number of diseases such as diarrhea, trachoma, nausea, 

abdominal pain, and vomiting. The severe toxicity of these contaminants may also cause death 

[1]. 

Drinking Water Sources 

Water covers 70% of the Earth's surface. Approximately 97.2% of it is saline, just 2.8% is fresh 

[2]. Potable water is available in almost all populated areas of the Earth, although it may be 

expensive, and the supply may not always be sustainable. Sources where water may be obtained 

include ground sources such as groundwater, springs and aquifers, precipitation which includes 

rain, hail, snow, fog, etc., surface water such as rivers, streams, glaciers and biological sources 

such as plants and desalinated seawater. 

Groundwater- Significant Source 

Groundwater, the source of drinking water for human beings, is contributing about one-third of 

total water resources of Pakistan and is a major source of water supplies in major municipalities 

[3]. In Pakistan, access to safe drinking water falls below satisfactory levels with only 25% of 

the population having sustainable access to quality drinking water [4]. Like many other 

countries in the world, Pakistan is also under great threat regarding availability of safe and clean 

drinking water. Polluted water is becoming the major cause of deteriorating health issues to the 

public in the country. Furthermore, the quality of groundwater in the country is also no longer 

safe due to the interference of many external factors. The quantity of water available to public 

sector for drinking is of inferior quality [5]. The old and rusty pipelines carrying drinking water 

are becoming more dangerous to the natural composition of the water. Insufficient water 

treatment measures and lack of any monitoring plan made this problem more severe.  

Origination of Water Related Diseases 

Prevalence of waterborne diseases in Pakistan is mainly due to contamination of drinking water 

mostly with municipal sewage and industrial waste. According to the Pakistan National 

Conservation Strategy Report of 1992, about 40% of communicable diseases are waterborne 

https://en.wikipedia.org/wiki/Saline_water
https://en.wikipedia.org/wiki/Fresh_water
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Groundwater
https://en.wikipedia.org/wiki/Spring_water
https://en.wikipedia.org/wiki/Aquifer
https://en.wikipedia.org/wiki/Precipitation_(meteorology)
https://en.wikipedia.org/wiki/Surface_water
https://en.wikipedia.org/wiki/Glacier
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https://en.wikipedia.org/wiki/Desalination
https://en.wikipedia.org/wiki/Seawater
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[6]. Major diseases mostly connected with drinking water in Pakistan are diarrhea, 

gastroenteritis, typhoid, cryptosporidium infections, giardiasis intestinal worms, and some 

strains of hepatitis [7]. According to International Union on Conservation of Nature (IUCN), 

60% of infant deaths are caused by waterborne diarrhea in Pakistan, which is highest in Asia. 

It is estimated that water related disease cause annual national income losses of USD 380–883 

million, which is approximately 0.6-1.44% of the Gross Domestic Product (GDP) [6]. 

About Research 

This paper has been arranged as follows; section two deals with literature review highlighting 

software-based study for analyzing water quality. Section three presents methodology and 

procedure adopted for assessing the drinking water quality. Section four is about estimation and 

comparison of software (GIS) based monitoring and real time analysis for carrying out the 

research. Finally, section five describes the conclusion extracted from the whole study with 

future direction.  

Literature Review 

Worldwide Scenario 

Water quality determination is an important variable as it ensures either the water is potable, or 

it is suitable for daily chores application. Geographic Information System (GIS) is widely taken 

into consideration all around the world for easy mapping of regions with below average water 

quality based on water quality index appraised. A lot of researches are being done in this regard 

in India, Iran, Turkey, Saudi Arabia, Spain, China, Ethiopia, Thailand, and various other 

countries. The previously employed manual techniques are now being replaced with software 

for better envisage and convenience. 

National Scenario 

In Pakistan, the drinking water is getting contaminated and there are very few studies conducted 

in some areas concerning this issue. Amongst 196 samples of Capital Development Authority 

(CDA), 5.1% were polluted bacteriologically while 3.6% contained both physicochemical and 

bacteriological contamination. The quality of water in the twin cities of Islamabad and 

Rawalpindi is no better than the rest of the country. So, there is dire need to analyze the drinking 

water to identify the potential harmful contaminants in these localities. 

Studies Conducted for Analyzing Water Quality 

i. Evaluation of Heterogeneous Water Resources Globally  
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In 2007, groundwater vulnerability and risk mapping were found to be excellent decision-

making tools for land use planning as well as for water resource management. Efforts to apply 

the methodology proposed will lead to a cost-effective approach to protect community drinking 

water supplies and attain the desired groundwater sustainability for future generation [8]. 

In 2015, the heavy metal pollution index (HPI) values in groundwater within the mining area 

were below the critical pollution index value of 100 in India. The water had higher 

concentrations of Iron (Fe) which requires treatment before domestic use [9]. 

Again in 2015, 30 locations on Godavari River in Maharashtra were selected for the research. 

27 locations had “good to excellent” water quality, 2 had “medium to good” water quality and 

1 had “bad” water quality. The graph showed that water quality was deteriorating at 11 locations 

and there was improvement at 19 locations [10]. 

A research was carried out in 2015 for the analysis of the metal pollution status and identifying 

the correlations of metals in groundwater in India. Results of this present research clearly 

demonstrated that the metal content in the groundwater was highly polluted by industrial and 

human activity [11]. 

Following the same year, water quality map was developed to assess the risks on irrigation and 

which demonstrated that both ground and surface water in Southern Spain exhibited a very high 

risk of clogging irrigation system, whereas the risk was highest in surface water [12]. 

In a research carried out in 2015, general water quality in the watershed of Honghe River in 

China was found to be exposed to various pollutants, in which total phosphorus (TP) and total 

nitrogen (TN) were the main pollutants and seriously exceeded the standards [13]. 

In 2016, for a city in India, after analysis, it was proved that 71% groundwater samples were of 

pristine quality, 22% fall in the category of ‘good’, 6% of the groundwater samples required 

treatment while 1% of the samples was found to be unsuitable for all purposes. A re-assessment 

of the WQI based on recent data will be useful in proper management of the water resource 

[14]. 

In 2017, water quality of Sistan River (Iran) was evaluated to be in the good range by Schoeller 

diagram during wet period, and acceptable for drinking purposes. On the other hand, Wilcox 

standards comparison revealed acceptable, moderate, unfavorable and extremely unfavorable 

status of water quality in drought periods [15]. 
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In the same year, analysis of physiochemical parameters showed results that about 35.55%, 

49.19% and 11.2 % of the study area in India falls under high, moderate, and low-quality 

groundwater respectively for drinking purpose. Groundwater quality index revealed that high 

quality groundwater exits in northern part, low quality groundwater occurs in the eastern part, 

whereas moderately quality groundwater occurs in the rest of the study area [16]. 

In 2017, hydro-chemical characteristics and quality assessment of groundwater was carried out 

along the Manavalakurichi coast, Tamil Nadu, India. Interpretation of hydro-chemical analysis 

revealed that groundwater in the study area was slightly acidic in nature. Rock weathering and 

evaporation processes were the major processes responsible for the high concentration of major 

ions in groundwater. Water quality analysis showed that groundwater from the wells were not 

fit for drinking, having higher concentration of ions [17]. 

Lastly, again in 2017, a research dealt with assessment of physio-chemical quality of borehole 

and spring water sources supplied to Robe Town, Oromia region, Ethiopia. Analyses for 14 

physio-chemical parameters were done in the lab by standard procedures. Descriptive statistics 

were used to describe data, while Pearson correlation was used to determine the influences of 

the physio-chemical variables. The single factor analysis of variance (t-test) was used to 

determine possible differences between the borehole and spring water, while mean plots were 

used for further structure detection. Most of the physio-chemical parameters analyzed complied 

with national and international drinking water guidelines, except pH, iron and manganese [18]. 

ii. Software Utilization for Determination of Water Quality 

In 2009, ArcGIS-based study on rural drinking water quality was done to evaluate health risk 

assessment. This study calculated and analyzed the carcinogenic risk (R) and non-carcinogenic 

risk (hazard index, HI) by applying the health risk model recommended by the US National 

Research Council of National Academy of Science. Taking advantage of the geo-statistic spatial 

analysis function of ArcGIS, this study analyzed the assessment result data (R and HI), selected 

the proper interpolation approach and reduced R and HI spatial distribution maps of the study 

area [19]. 

In 2015, water quality assessment using water quality index and GIS methods in the coastal 

waters of Andaman Sea, India was done. This study attempted to integrate WQI, and GIS based 

mapping technique to derive a reliable, simple, and useful output for water quality monitoring 

in coastal environment. Periodic monitoring of coastal water, demarcation of point and non-
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point sources of pollution, eco-tourism, broadcast of environmental awareness and data sharing 

through GIS interface are vital for maintaining a healthy coastal environment [20]. 

In 2016, the best groundwater quality zone in the area was assessed in Ethiopia from spatial 

distribution map of certain parameters prepared from the hydro chemical data in GIS 

environment [21]. 

For the same year, GIS and WQI index were used to assess water quality in different villages 

of India. After assessing, few samples were recognized as unfit for drinking while many were 

classified as of poor quality and only a little number came in the excellent category [22]. 

Using GIS tools, in 2016, it was shown that 94% of water samples of a coalfield in India were 

found as low class and 6% of water samples were in medium zone. However, 79% of water 

samples were found in low class, 18% in medium class and 3% in high class in the pre-monsoon 

season. The HPI (Heavy metal polluted index) values were below the critical pollution index 

value of 100. Al, Fe, Mn and Ni concentration were exceeding the desirable limits in many 

samples in both seasons [23]. 

In 2017, a research paper discussed spatial and temporal variations of dissolved oxygen in 

municipality wastewater treatment ponds using GIS in resort town of Thailand. Two data nodes 

were installed near the inlet of the aeration and sedimentation pond to measure dissolved 

oxygen (DO), pH, electrical conductivity (EC), temperature, and turbidity. Ordinary Kriging 

(OK) interpolation in ArcGIS10.1 was used to map the spatial distribution of DO at different 

depths. The spatial trend of DO showed that normally DO is lower at the inlet of the aeration 

pond than at its outlet even though mechanical aerators operated throughout the day [24]. 

A study aimed at utilizing geographic information system (GIS) and water quality index (WQI) 

for evaluation of the quality of groundwater in Birjand city, Iran in 2017. Using ArcGIS 10.22 

software, the zoning maps were plotted for different parameters then WQI was employed to 

evaluate water quality. The application of WQI and spatial analysis through GIS was effective 

for monitoring groundwater quality in the studied region, and it can be considered as a 

promising tool for understanding the spatial patterns and changes [25]. 

In 2017, a study was carried out in Saudi Arabia using geostatistical methods in evaluating 

spatial variability of groundwater quality in Al-Kharj Region. A kriging method was used for 

predicting spatial distribution of salinity and nitrate (NO3). The kriging method was found 

suitable for groundwater interpolation and management using either GS or ArcGIS [26]. 
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In 2021, an analysis was done for assessing groundwater resources for irrigation in Abu Dhabi, 

UAE using irrigation water quality index (IWQI). The results revealed that IWQI values were 

between 8.87 to 77.44. 52% of the samples collected from the study zone were not suitable for 

irrigation and even groundwater can only be used for irrigation of plants with high salt tolerance 

[27].  

iii.Tools and Techniques Employed for Judging Drinking Water Quality 

In 2001, modern computer technology, better understanding of water quality and enhanced 

tools for displaying data made an improved Oregon Water Quality Index (OWQI) feasible. The 

Oregon updated the original OWQI by refining the original sub-indices, adding temperature 

and total phosphorus sub-indices, and improving the aggregation calculation [28]. 

In 2005, analysis of the water quality in the Watershed of Chillan River was done by means of 

WQI. The results showed a good general water quality in most of the watershed throughout the 

year. Severely deteriorated conditions were detected during summer in stations downstream of 

the urban wastewater discharge. The most affected parameters were chemical oxygen demand 

(COD), ammonia, nitrate and orthophosphate [29]. 

In 2006, application of Canadian Council of Ministers of the Environment Water Quality Index 

(CCME WQI) was done to monitor water quality in Mackenzie River basin, Canada. 

Assessment of water quality aspect for the ecosystem initiatives and employing newly 

developed CCME WQI provided a convenient mean of summarizing complex water quality 

data that can be easily understood by the public, water distributors, planners, managers and 

policy makers [30]. 

In 2010, parameters of water samples in India exhibited poor quality in greater percentage due 

to effective leaching ions, over exploitation of groundwater, direct discharge of effluents and 

agricultural impact. WQI (Water quality index) indicated the poor quality of groundwater in 

the study area which was not suitable for irrigation purposes [31]. 

In 2014, analysis of the spatial relationships between groundwater yield and various 

hydrological conditioning factors showed results that the area under the curve for frequency 

model is 84.78% in Malaysia. As far as the performance of the FR (Frequency ratio) approach 

is concerned, the results appeared to be quite satisfactory [32]. 

In 2016, water quality ratings were done by measuring different parameters in South Africa. 

WQI value for the treated water were higher than raw water, indicating that water quality could 
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be improved by proper treatment [33]. 

In 2017, quality of water of the Karacaoren-1 Dam of the Aksu River was declared good but 

WQI was low in south and north of the river basin due to the effects of punctual and diffuse 

pollutants [34]. 

Water quality index was used for assessing water for irrigation purposes in Iran in 2017. There 

were variations in water quality from upstream to downstream of Ghezel Ozan River. The water 

was found to be best for irrigation in September and worst in November due to low rainfall and 

flow rate [35]. 

A study was undergone in semi-arid region of India in 2021 on assessing the quality of 

groundwater by utilizing an entropy weighted water quality index (EWQI) and pollution index 

of groundwater (PIG). The results excluded from EWQI were that only 60% of the groundwater 

samples of the study zone were suitable for drinking while the rest requires treatment for 

drinking purpose. On the other hand, PIG showed that 63% of the groundwater samples can be 

used for drinking [36].  

iv.Claim of the Research 

Drinking water quality in Pakistan is varying from acceptable in some areas to poor in the other 

due to water deterioration by industrial discharge, municipal sewage, oil spillage and 

innumerable other contributing factors. Few people can afford bottled water so most of the 

population of the country relies upon groundwater for drinking purpose. The research deals 

with drinking water quality assessment in Islamabad, Pakistan using GIS and empirical method. 

Monitored data was collected through Pakistan Council of Research and Water Resources 

(PCRWR) for different points in Islamabad, after which water quality index was ascertained 

for each location and mapped on GIS. The novelty of research is that survey-based analysis was 

also effectuated for water eminence in assorted sectors of the city and then the results were 

compared to already monitored data for better interpretation, distinction, and realization of 

moving towards repeated monitoring i.e., continuous quality improvement. 

Methodology  

This section focuses on the software’s usage for visualizing the monitored data. In addition to 

that, real time analysis has been incorporated for the research.  
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Study Area 

Islamabad is located at 33.43°N 73.04°E at the edge of the Pothohar Plateau, which is at the 

foot of the Margalla Hills. Its elevation is 540 meters (1,770 ft). Population is about 1,129,000 

persons (2020). 

 

Figure 1: Location of Islamabad 

Sector E is still under development, but healthy sanitation conditions are prevalent there. Sector 

F is considered the federal sector of the Islamabad and as per observations, well-ordered; Sector 

G is resided by government employees and has sub-standard sanitation present; Sector H is 

becoming an educational sector of Islamabad while Sector I is an industrial zone of Islamabad  

Data Collection 

Water quality data was obtained by the government institute which deals with the water 

resources; Pakistan Council of Research and Water Resources (PCRWR). The data obtained 

had the site code, location, source of water (tap water, tube-well, reservoir etc.) for different 

sectors of Islamabad. The data displayed the physical parameters (taste, color, odor, turbidity 

etc.), chemical parameters (pH, amount of alkali, Fe, Ca, Mg, Cl, Na, As, TDS etc.) and list of 

biological parameters such as amount of Coliforms, E.Coli etc. [7]. 

Data Conversion 

The collected data was typed on the excel sheet and transfigured into the format supported by 

GIS software. 
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Spatial Database 

Google map and google earth helped to find the longitude and latitude of every sample’s 

location. In this way, the data became spatial and then imported in ArcMap for further 

processing.  

 

Figure 2: Thematic map 

The red dots in Figure 2 display the selected locations for monitoring. 

v.Footprints of Thematic Map 

Thematic map shows locations at which monitoring was done for various parameters. The red 

marks in Figure 2 are the selected positions for water quality analysis. The assessed parameters 

include turbidity, color, taste and odor, and temperature which describe the physical 

characteristics of water quality. Chemical characteristics also describe the water quality. The 

toxic substances include arsenic, barium, cadmium, and chromium. 

vi.Conventional Treatment Applied 

Chlorination is used by Capital Development Authority (CDA) for chemical treatment of water. 

Thus, chlorine concentration is an important indicator of domestic water quality in Islamabad. 

Copper, fluoride, iron, manganese, nitrates, sodium, sulfates, zinc, and lead are other elements 

used to describe chemical characteristics of potable water. Biological factors include 

contamination of water supplies based on microorganisms, which cause human diseases, and 
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originate from fecal discharges of infected individuals. Precautions are required against 

contamination or treatment methods are used to overcome this problem. It is difficult to identify 

the disease-producing organisms in water because techniques used for bacteriological 

examination are complex and time-consuming. Number of bacteria of Coliform group describes 

the bacteriological quality of water i.e., one organism for each 100 milliliters of water. 

Fertilizers such as organic and commercial minerals also pollute water due to indiscriminate 

use in agriculture. [35]. Treatment is essential for the destruction of biological life or its by-

product in water. 

Water Quality Index 

Water Quality Index (WQI) is a very useful tool for communicating the information on the 

overall quality of the water. The WQI of every location is calculated with the help of WQI 

formula for physical, biological, and chemical parameters.  

vii.Formula Used 

WQI measures the scope, frequency and amplitude of water quality exceedances and then 

combines the three measures in to one score. Following formula is applied to find WQI. It is a 

unit-less quantity. 

WQI = ∑ SIi             (1) 

Where, 

SIi= sub-index of ith parameter which is calculated as: 

SIi = Wi × qi            (2) 

In which, 

Wi = relative weight and hence is computed as: 

𝑊𝑖 =
𝑤𝑖

∑ 𝑤𝑖
             (3) 

In above formula, wi = weight of each parameter 

And qi = quality rating figured out as: 

qi= (Ci/Si) × 100 …………. (4) 

So, 

Ci = concentration of each chemical parameter in each water sample in milligrams per liter 
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Si = drinking water standard for each chemical parameter in milligrams per liter [33]. 

Evaluation of Water Quality Index for Islamabad 

The WQI of Islamabad by calculations from Equation 1 came out to be 78 which means that 

the water quality is fair according to the WQI scale. Rating of every location is made on the 

basis of the WQI approximation [35]. 

 

Table 1: WQI Scale 

WQI Value Remarks 

>90 Excellent 

90-70 Good 

70-50 Medium 

<50 Near Bad 

Geo-Referencing of WQI 

Geo-referencing is done to associate the WQI with locations in physical space.  For the purpose, 

GIS is used, and spatial view is obtained for easy contemplation. It is beneficial tool for 

revealing the quality of water for the sectors under study. 
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Figure 3: WQI Map for Islamabad 

viii.Map Interpretation 

By observing the WQI Map (Figure 3), water quality is considered to be medium in most of the 

regions of Islamabad city. It is found to be near bad in the G-8, G-9, G-10, H-10, E-9, and F-8 

Sectors. On the other hand, water quality is figured out to be good in G-6, F-9, and F-10 Sectors. 

The assessment emphasizes that overall quality of water is not up to the mark and necessary 

precautions are required to be enforced. 

Questionnaire Development for Empirical Analysis 

Questionnaire (attached in annexures) is developed on the basis of arising water related diseases 

in disparate zones of Islamabad due to prevalence of exceeding chemical, physical and 

biological parameters in the water. It is done for surveying the symptoms and to relate the 

results extracted from it with the monitoring values obtained from PCRWR (Pakistan Council 

of Research and Water Resources).  

ix.Empirical Study 

Empirical analysis is based upon direct and indirect observation. For this reason, a questionnaire 

was setup consisting of four sections. Section one was about demography, section two included 

questions about water quality, section three deals with water related diseases recognition, and 
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lastly, section four comprised of treatments currently used. About 148 questionnaires have been 

filled by the residents of the Islamabad after which water valuation has been found. Pilot survey 

was also performed by taking into consideration renowned professionals of the environmental 

field.  

Results and Discussions 

Analysis on Physical Characteristics 

According to conducted survey, drinking water resulted to be of fair quality without any 

absolute nuisance, dirt appearance or parasite prevalence. Most of the residents living in 

Islamabad prefer filtered water rather than tap, bottled or water supplied through urban facility. 

Majority of the community indicated that the drinking water they consume is clear, tasteless, 

and odorless.  

Substantiate Water Quality 

The internal coordinate system of a map or aerial photo image is related to a ground system of 

geographic coordinates. Data obtained from surveying tools like Geographic information 

system (GIS) gave a point of reference from topographic map and it helped to investigate the 

water quality in the study area. 

 

Figure 4: Islamabad Water Quality 
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x.Map Prosecution 

Drinking ground water quality index has been assessed in different sectors of Islamabad. By 

perceiving the map, it has been observed that the quality of water is fair in the study area except 

few sectors. It is found to be near bad in the G, H and I Sectors. On the other hand, water quality 

is figured out to be good in F Sector. And it is estimated excellent in E sector. The analysis 

reveals the fact that the ground water quality of the city requires to be determined in order to 

evaluate the degree of water treatment before using it for drinking and other usages. The 

determination of the suitability of water and degree of treatment for consumption is very much 

essential for the use of water quality to mankind. 

Estimation of Chemical and Biological Attributes 

xi.Recognition of Waterborne Diseases 

Waterborne diseases are caused by drinking contaminated or dirty water. Water related diseases 

cause 3.4 million deaths each year around the world [37]. In the research, the diseases will be 

used to evaluate the problematic parameters which are the root cause for their origination in 

respective sectors of the city. 

 

Figure 5: Weightage of Concerned Waterborne Diseases in Relevant Sectors 

In Figure 5, alphabets G, F and I represent the sectors of Islamabad. Inhabitants of Sector G are 

facing hypertension, burning mouth syndrome, red itchy eyes, kidney stone, skin infection and 

digestive issues to a large extent comparatively to other sectors. Sector F has muscle fatigue 
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and lungs infection in common while locals of Sector I are suffering from joint pain, chest pain, 

diarrhea, and blood pressure variation. Sector E and Sector H has minorities (while few sub-

sectors do have some complications) when it comes to these diseases due to effective provision 

of sanitation facilities.  

Comparison between Surveillance and Real-Time Analysis 

Waterborne diseases occurrence is interlinked with distinctive chemical and bacteriological 

aspects of water. On the basis of diseases and its symptoms, miscellaneous intricate parameters 

of water are judged. Finally, collation is done between monitoring values and real time analysis 

results for Islamabad. It is exaggerated in the Table 2. 

Table 2: Results Extracted from Monitoring v/s Real-Time Assessment 

Monitored Values By PCRWR Real-Time Analysis 

Troublesome parameters are: 

● Calcium  

● Iron 

● E-Coliforms 

 

Main parameters of concern are: 

● Bacteria (E-Coli) 

● Parasites 

Other controversial parameters include: 

● Calcium  

● Copper 

● Nitrates 

● Chlorides 

● Phosphates 

● pH 

● Magnesium 

● Potassium 

● Iron 

It is concluded that the real time analysis coincides the monitoring values of PCRWR, but the 

monitoring still requires further enhancement as some other problematic parameters were also 

spotted from the survey which are the targeting factors for initiation of certain diseases. The 
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main bacteriological parameters of concern as known from monitoring as well as from 

reconnaissance are E-Coliform and other pathogens and parasites while the difference occurred 

while contemplation of chemical constants i.e., copper, nitrates, chlorides, phosphates, pH, 

magnesium. and potassium concentrations were also varying from the National Environmental 

Quality (NEQ) standards of Pakistan in addition to iron and calcium which are common in both. 

It explicates that few of the parameters present in the water are precarious and are essential to 

be reduced for meeting the NEQs of Pakistan and monitoring is also needed to be revised.  

Existing Treatments in Islamabad 

After the survey, it has been estimated that majority of population in Islamabad are treating 

their water by filtration. There are two common methods of emergency disinfection i.e., boiling, 

and chemical treatment. Boiling of water for 6-15 minutes can take care of the biological 

contamination. For chemical treatment, chlorine or iodine is used. In the process of chlorination, 

the chemicals normally used are: (a) chlorine; (b) chlorine bleach; (c) granular calcium 

hypochlorite; and (d) chlorine tablets. Tincture of iodine and iodine tablets are also used for 

chemical treatment. CDA uses the conventional methods of coagulation, flocculation, 

sedimentation, filtration, and disinfection for the preparation of potable water. For the oxidation 

and disinfection purposes liquefied chlorine is used [5]. For the operation and maintenance 

control of a water-supply system, critical parameter testing strategy has been preferred over less 

frequent lengthy testing techniques.  

Recommendations 

Several experts have recommended that sanitary inspection should be taken into preference to 

assess the risks to human health due to contamination of drinking water. Some of the 

precautionary measures are to (a) identify point and non-point sources of pollution; (b) 

document distances for sources of pollution and then suggest the appropriate treatment 

technique; (c) provide sanitary protection of springs and wells though regular maintenance; (d) 

continuous disinfection of drinking water through chlorination and boiling; and (e) persistent 

monitoring using modern devices linked to personal computers for providing readings. 

Conclusion 

In the modern era, GIS has been appraised as an effective tool for better allocation of Water 

Quality Index of different areas. In the study, GIS has been employed for eloquent 

representation of existing water quality in Islamabad. On the other hand, monitored water 
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quality parameters are compared with those acquired from survey outcomes for cross checking 

and those variable aspects of drinking water are highlighted which requires special provisions. 

Finally, suggestions are given according to the results.   

Future Implications 

Current research is helpful in evaluation of water quality by integration of manual and software 

methods. In the future, this study could be expanded by: (a) re-evaluation of water quality after 

proper treatment is devised and implemented and so, solutions could be given for maintaining 

it; (b) assessing the betterment in public health by providing awareness of the on-going research 

as in this way, they will be much cautious about their fitness and regular check-ups; (c) making 

state health agencies more conscious towards their viable role in provision of clean and safe 

drinking water to their residents; and (d) identifying the root cause and sources of water 

pollutions for proper treatments execution at point to control the uprising diseases. 

 

References 

[1] L. Nash, "Water quality and health," Water in Crisis: A guide to the World’s fresh water 

resources, pp. 25-39, 1993. 

[2] K. L. Pennington and T. V. Cech, Introduction to water resources and environmental 

issues. Cambridge University Press, 2021. 

[3] A. Azizullah, M. N. K. Khattak, P. Richter, and D.-P. Häder, "Water pollution in 

Pakistan and its impact on public health—a review," Environment International, vol. 37, no. 2, 

pp. 479-497, 2011. 

[4] S. Sehar, I. Naz, M. I. Ali, and S. Ahmed, "Monitoring of Physico-Chemical and 

Microbiological Analysis of Under Ground Water Samples of District Kallar Syedan, 

Rawalpindi-Pakistan," Research Journal of Chemical Sciences ISSN, vol. 2231, p. 606X, 2011. 

[5] S. Khan, M. Shahnaz, N. Jehan, S. Rehman, M. T. Shah, and I. Din, "Drinking water 

quality and human health risk in Charsadda district, Pakistan," Journal of cleaner production, 

vol. 60, pp. 93-101, 2013. 

[6] I. Hashmi, S. Farooq, and S. Qaiser, "Chlorination and water quality monitoring within 

a public drinking water supply in Rawalpindi Cantt (Westridge and Tench) area, Pakistan," 

Environmental monitoring and assessment, vol. 158, no. 1-4, p. 393, 2009. 



7. Uluslararası Öğrenci Sempozyumu 
 

 93 

www.internationalstudentsymposium.com 
 

[7] I. Hashmi, S. Qaiser, and S. Farooq, "Microbiological quality of drinking water in urban 

communities, Rawalpindi, Pakistan," Desalination and Water Treatment, vol. 41, no. 1-3, pp. 

240-248, 2012. 

[8] R. Nobre, O. Rotunno Filho, W. Mansur, M. Nobre, and C. Cosenza, "Groundwater 

vulnerability and risk mapping using GIS, modeling and a fuzzy logic tool," Journal of 

Contaminant Hydrology, vol. 94, no. 3, pp. 277-292, 2007. 

[9] A. K. Tiwari, M. De Maio, P. K. Singh, and M. K. Mahato, "Evaluation of surface water 

quality by using GIS and a heavy metal pollution index (HPI) model in a coal mining area, 

India," Bulletin of environmental contamination and toxicology, vol. 95, no. 3, pp. 304-310, 

2015. 

[10] I. Gupta, A. Kumar, C. Singh, and R. Kumar, "Detection and mapping of water quality 

variation in the Godavari River using water quality index, clustering and GIS techniques," 

Journal of Geographic Information System, vol. 7, no. 02, p. 71, 2015. 

[11] S. Selvam, S. Venkatramanan, and C. Singaraja, "A GIS-based assessment of water 

quality pollution indices for heavy metal contamination in Tuticorin Corporation, Tamilnadu, 

India," Arabian Journal of Geosciences, vol. 8, no. 12, pp. 10611-10623, 2015. 

[12] J. M. Peragón, A. Delgado, and F. J. Pérez-Latorre, "A GIS-based quality assessment 

model for olive tree irrigation water in southern Spain," Agricultural water management, vol. 

148, pp. 232-240, 2015. 

[13] C.-A. Yan, W. Zhang, Z. Zhang, Y. Liu, C. Deng, and N. Nie, "Assessment of water 

quality and identification of polluted risky regions based on field observations & GIS in the 

honghe river watershed, China," PloS one, vol. 10, no. 3, p. e0119130, 2015. 

[14] G. Krishan et al., "Assessment of groundwater quality for drinking purpose by using 

water quality index (WQI) in Muzaffarnagar and Shamli Districts, Uttar Pradesh, India," Hydrol 

Current Res, vol. 7, no. 227, p. 2, 2016. 

[15] A. Mir, J. Piri, and O. Kisi, "Spatial monitoring and zoning water quality of Sistan River 

in the wet and dry years using GIS and geostatistics," Computers and Electronics in 

Agriculture, vol. 135, pp. 38-50, 2017. 

[16] D. Jhariya, T. Kumar, R. Dewangan, D. Pal, and P. K. Dewangan, "Assessment of 

groundwater quality index for drinking purpose in the Durg district, Chhattisgarh using 



7th International Student Symposium 
 

94 

www.internationalstudentsymposium.com/en/ 
 

Geographical Information System (GIS) and Multi-Criteria Decision Analysis (MCDA) 

techniques," Journal of the Geological Society of India, vol. 89, no. 4, pp. 453-459, 2017. 

[17] Y. Srinivas, T. Aghil, D. H. Oliver, C. N. Nair, and N. Chandrasekar, "Hydrochemical 

characteristics and quality assessment of groundwater along the Manavalakurichi coast, Tamil 

Nadu, India," Applied Water Science, vol. 7, no. 3, pp. 1429-1438, 2017. 

[18] D. A. Shigut, G. Liknew, D. D. Irge, and T. Ahmad, "Assessment of physico-chemical 

quality of borehole and spring water sources supplied to Robe Town, Oromia region, Ethiopia," 

Applied Water Science, vol. 7, no. 1, pp. 155-164, 2017. 

[19] F. Ni, G. Liu, J. Ye, H. Ren, and S. Yang, "ArcGIS-based rural drinking water quality 

health risk assessment," Journal of Water Resource and Protection, vol. 1, no. 5, pp. 351-361, 

2009. 

[20] D. K. Jha, M. P. Devi, R. Vidyalakshmi, B. Brindha, N. V. Vinithkumar, and R. 

Kirubagaran, "Water quality assessment using water quality index and geographical 

information system methods in the coastal waters of Andaman Sea, India," Marine pollution 

bulletin, vol. 100, no. 1, pp. 555-561, 2015. 

[21] G. K. Brhane, "Irrigation Water Quality Index and GIS Approach based Groundwater 

Quality Assessment and Evaluation for Irrigation Purpose in Ganta Afshum Selected Kebeles, 

Northern Ethiopia," Int. J. Emer. Trends Sci. Technol., vol. 3, no. 9, pp. 4624-4636, 2016. 

[22] M. S. Kumar, S. Asadi, and S. Vutukuru, "Integrated Study For Ground Water Quality 

Analysis Using Remote Sensing And Gis," International Journal of Applied Chemistry, vol. 

12, no. 1, pp. 75-86, 2016. 

[23] A. K. Tiwari, P. K. Singh, A. K. Singh, and M. De Maio, "Estimation of heavy metal 

contamination in groundwater and development of a heavy metal pollution index by using GIS 

technique," Bulletin of environmental contamination and toxicology, vol. 96, no. 4, pp. 508-

515, 2016. 

[24] S. Koko, K. Irvine, R. Jindal, and R. Thongdara, "Spatial and Temporal Variations of 

Dissolved Oxygen in Cha-Am Municipality Wastewater Treatment Ponds Using GIS Kriging 

Interpolation," Journal of Water Management Modeling, 2017. 

[25] R. Khosravi et al., "Use of geographic information system and water quality index to 

assess groundwater quality for drinking purpose in Birjand City, Iran," Desalin Water Treat, 



7. Uluslararası Öğrenci Sempozyumu 
 

 95 

www.internationalstudentsymposium.com 
 

vol. 67, pp. 74-83, 2017. 

[26] A. M. Al-Omran, A. A. Aly, M. I. Al-Wabel, M. S. Al-Shayaa, A. S. Sallam, and M. E. 

Nadeem, "Geostatistical methods in evaluating spatial variability of groundwater quality in Al-

Kharj Region, Saudi Arabia," Applied Water Science, pp. 1-11, 2017. 

[27] M. Batarseh et al., "Assessment of Groundwater Quality for Irrigation in the Arid 

Regions Using Irrigation Water Quality Index (IWQI) and GIS-Zoning Maps: Case study from 

Abu Dhabi Emirate, UAE," Groundwater for Sustainable Development, p. 100611, 2021. 

[28] C. G. Cude, "Oregon water quality index a tool for evaluating water quality management 

effectiveness," JAWRA Journal of the American Water Resources Association, vol. 37, no. 1, 

pp. 125-137, 2001. 

[29] P. Debels, R. Figueroa, R. Urrutia, R. Barra, and X. Niell, "Evaluation of water quality 

in the Chillán River (Central Chile) using physicochemical parameters and a modified water 

quality index," Environmental monitoring and assessment, vol. 110, no. 1, pp. 301-322, 2005. 

[30] A. Lumb, D. Halliwell, and T. Sharma, "Application of CCME Water Quality Index to 

monitor water quality: A case study of the Mackenzie River basin, Canada," Environmental 

Monitoring and assessment, vol. 113, no. 1-3, pp. 411-429, 2006. 

[31] M. Vasanthavigar et al., "Application of water quality index for groundwater quality 

assessment: Thirumanimuttar sub-basin, Tamilnadu, India," Environmental monitoring and 

assessment, vol. 171, no. 1-4, pp. 595-609, 2010. 

[32] M. A. Manap, H. Nampak, B. Pradhan, S. Lee, W. N. A. Sulaiman, and M. F. Ramli, 

"Application of probabilistic-based frequency ratio model in groundwater potential mapping 

using remote sensing data and GIS," Arabian Journal of Geosciences, vol. 7, no. 2, pp. 711-

724, 2014. 

[33] E. M. Wanda, B. B. Mamba, and T. A. Msagati, "Determination of the water quality 

index ratings of water in the Mpumalanga and North West provinces, South Africa," Physics 

and Chemistry of the Earth, Parts A/B/C, vol. 92, pp. 70-78, 2016. 

[34] Ş. Şener, E. Şener, and A. Davraz, "Evaluation of water quality using water quality 

index (WQI) method and GIS in Aksu River (SW-Turkey)," Science of the Total Environment, 

vol. 584, pp. 131-144, 2017. 

[35] F. Misaghi, F. Delgosha, M. Razzaghmanesh, and B. Myers, "Introducing a water 



7th International Student Symposium 
 

96 

www.internationalstudentsymposium.com/en/ 
 

quality index for assessing water for irrigation purposes: A case study of the Ghezel Ozan 

River," Science of The Total Environment, vol. 589, pp. 107-116, 2017. 

[36] N. Adimalla, "Application of the Entropy Weighted Water Quality Index (EWQI) and 

the Pollution Index of Groundwater (PIG) to assess groundwater quality for drinking purposes: 

a case study in a rural area of Telangana State, India," Archives of Environmental 

Contamination and Toxicology, vol. 80, no. 1, pp. 31-40, 2021. 

[37] P. H. Gleick, Dirty-water: estimated deaths from water-related diseases 2000-2020. 

Pacific Institute for Studies in Development, Environment, and Security Oakland, 2002. 

  



7. Uluslararası Öğrenci Sempozyumu 
 

 97 

www.internationalstudentsymposium.com 
 

  

Gökova Körfezi’nin Sismotektonik Yapısının Sismolojik 

Verilerle Araştırılması  

Azar Azizov1, Ethem Görgün2,3 

Özet 

Bu çalışmada, Gökova Körfezi’nde 21 Temmuz 2017 tarihinde 6.3 lokal büyüklüğünde (Ml) 

meydana gelen Gökova Körfezi depreminin ana şoku ve artçı depremleri sismolojik veriler 

kullanılarak araştırılmıştır. Bu analizler sonucunda bölge ile ilgili sismotektonik bir model 

oluşturulmuştur. 

Bu çalışmada Boğaziçi Üniversitesi Kandilli Rasathanesi ve Deprem Araştırma Enstitüsü, 

Bölgesel Deprem-Tsunami İzleme ve Değerlendirme Merkezinden (BÜ KRDAE BDTİM) 

alınan deprem verileri zSACWin programı kullanılarak lokal büyüklükleri 3.3 ile 6,3 arasında 

değişen ve ana şokla birlikte 62 deprem tekrardan analiz edilmiştir. Depremlerin zaman aralığı 

20-31 Temmuz 2017 olarak verilmiştir. Depremlerin hiposantr (iç merkez) derinliği ise 3.8 ile 

13,3 km arasında değişmektedir. Depremlerin önce P ilk varışlarından odak mekanizmaları 

hesaplanmış ve atım, eğim, kayma açıları bulunmuştur. Daha sonra bu açılar yardımıyla 62 adet 

depremin gerilim tensör değerlerine bakılmıştır. Bu analiz sonucunda bölgedeki gerilim oranı 

(stress ratio) 0,7 olarak hesaplanmıştır. Bu değerde bize bölgedeki hâkim tektonik rejimin, 

normal faylanmaya bağlı açılma rejimi olduğunu göstermiştir. Faylanmanın doğrultusu (σ3, 

minimum birincil gerilme) K-G ve maksimum yatay gerilmenin (σ2) doğrultusu ise D-B yönlü 

olarak gözlemlenmiştir. Maksimum birincil gerilme (σ1) maksimum yatay gerilme ile aynı 

doğrultudadır. Bu değerler hesaplandıktan sonra, ana şok için Coulomb gerilme değerlerine 

bakılmıştır. Ana şokun D-B yönlü 3 bardan büyük gerilme değerlerine ulaştığı görülmüştür. 

Anahtar Kelimeler: Coulomb Gerilme Analizi, Depremsellik, Gerilim Tensör, Gökova 

Körfezi, Odak Mekanizması. 

 

1. Giriş 

21 Temmuz 2017 tarihinde 6.3 lokal büyüklüğünde Gökova Körfezi’nde şiddetli bir deprem 

meydana gelmiştir. Gökova Körfezi Güneybatı Anadolu’da Ege Denizi ile Akdeniz arasında 

 
1 İstanbul Üniversitesi-Cerrahpaşa Mühendislik Fakültesi. Jeofizik Mühendisliği Bölümü. 
2 İstanbul Üniversitesi Deniz Bilimleri Enstitüsü. 
3 İstanbul Üniversitesi-Cerrahpaşa Mühendislik Fakültesi Jeofizik Mühendisliği Bölümü. 
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yer alır. Güneyde Datça yarımadası, kuzeyde Bodrum yarımadası ve batıda Kos Adası arasında 

uzun ve dar bir havuz özelliği taşır (Şekil 1). Gökova Körfezi kuzey güney yönünde 25 km 

genişliğinde, doğu-batı yönünde ise 100 km uzunluğa sahip olup normal faylarla 

şekillenmektedir. Gökova Körfezi batimetrisine bakıldığında birinci ve ikinci bölgelerde 100 

m ve altındaki derinliklerden meydana gelen körfez tabanı görülür. Batimetri haritasına 

bakıldığında doğudan batıya doğru derinliğin arttığı görülmektedir. Körfezin üçüncü bölgesine 

doğru gidilince derinlik değerlerinin 770 m’e ulaştığı görülmektedir [1]. 

Şekil 2’de Gökova Körfezi batimetri haritası gösterilmiştir. Derin alandan batıya doğru 

ilerlendiğinde batimetri değerlerinde azalma olur ve deniz tabanı sığlaşmaya başlar. 

 

 

Şekil 1: Çalışma alanının yer bulduru haritası 
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Şekil 2: Gökova Körfezi batimetri haritası [1] 

 

Gökova Körfezi kuzeyinde Gökova Fay Zonu bulunmaktadır. Gökova Fay Zonu güneye doğru 

eğimli, normal faylarla şekillenmektedir. Bu fay zonu karada Akyaka’dan Örene kadar D-B 

uzanımlı devam ettiği gösterilmiştir. Kıyıya paralel olarak devam eden bu fay zonu güneybatı’ 

da Gökova Körfezi içinde 4 kola ayrılır. Bunlardan 2 tanesi Kos adasının kuzeyi ve Bodrum 

yarımadasının güneyinden geçmektedir. Diğer kollar ise Kos adasının güneyi ve Datça 

yarımadasının batı ucuna kadar izlenebilir. Hem kara da hem de denizde bu kollar arasında 

ikinci fay parçaları bulunmaktadır [2], [3], [4]. Gökova Fay Zonunun geometrisi Şekil 3’de 

gösterilmiştir. 

2. Veri 

20-31 Temmuz 2017 tarihleri arasında meydana gelen Ml>3,3 büyük toplam 62 deprem kaydı 

yeniden incelenerek odak mekanizma çözümü yapılmış ve odak mekanizma yardımıyla 

bölgenin gerilim dağılımı analiz edilmiştir.  

3. Yöntem 

3.1 Odak Mekanizma Çözümü 

Depremlerin odak mekanizma çözümü sismolojik araştırmalarda önemli yer tutar. Odak 

mekanizma fiziği oldukça karmaşıktır. Deprem odağındaki yer değişmeler farklı kaynak 

modelleri ile anlatılmaktadır. Bunlar tek kuvvet çifti ve çift kuvvet çiftidir. Tek kuvvet çifti 

birbirine eşit fakat ters yönlü kuvvetlerden oluşur ve sismik moment sıfırdan farklıdır. 
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Şekil 3: Gökova Körfezi geometrisi [14] 

Çift kuvvet çiftinde ise 2 kuvvet çiftinin birbirinin aynı fakat birbirlerine karşı koyacak 

kuvvetlerden oluşur ve sismik moment sıfırdır. Şekil 5’de tek ve çift kuvvet çiftleri 

gösterilmiştir. Burada K𝑒
𝑖𝑤𝑡

ℇ  x ve y ekseni üzerinde ℇ/2 ve -ℇ/2 noktalarına etki eden 2 periyodik 

kuvvettir. 

  

 

Şekil 4: (a) tek kuvvet çifti ve (b) çift kuvvet çifti 

 

Depremlerin odak mekanizma çözümü sismolojik araştırmalarda önemli yer tutar. Deprem 

odak mekanizma çözümü için farklı yöntemler kullanılan hareketlerinden odak mekanizma 
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çözümü, S dalgaları polarizasyon açılarından odak mekanizma çözümü, cisim dalgaları spektral 

genliklerinin azimutal dağılımlarından odak mekanizma çözümü, yüzey dalgaları spektral 

genliklerinin mekanizma çözümü ve dalga şekli modellemeleri için P dalgası ilk hareket yönü 

yöntemi kullanılmıştır. 

21 Temmuz 2017 tarihinde Gökova Körfezinde meydana gelen ve 20/07/2017 -31/07/2017 

tarihleri arasında meydana gelen toplam 62 depremin hareket yönü hesaplanarak, çözümleri 

zSacWin programında yapılmıştır. Yazılımda deprem yerlerinin belirlenmesinde 

HYPOCENTER algoritması [5] kullanılmıştır. Algoritmada amaç RMS hata oranını minimuma 

indirmektir. Lokaysan belirlemede kullanılan hız yapısı [6] Batı Ege Bölgesi için hesaplanan 

hız yapısıdır. Tablo 1’de 1-D kabuk modeli gösterilmiştir. Odak mekanizma çözümlerinde 15 

deprem istasyonu kullanılmıştır. 

Tablo 1: Bu çalışmada kullanılan kabuk modeli 

Derinlik (km) Vp (km/s) 

0,0-1,5 4,73 

1,5-3 5,06 

3,0-5,0 5,84 

5,0-15,0 6,00 

15,0-21,0 6,25 

21,0-29,0 6,43 

29- 7,80 

 

Deprem kayıtları KRDAE-BDTİM’den alınmıştır. 62 Adet Depremin Kaynak Parametreleri 

Tablo 2’de verilmiştir. 

Tablo 2: Odak mekanizma çözümleri yapılmış depremlerin fay düzlemi parametreleri. 

No     Tarih        Zaman     Boylam Enlem    Der.   Ml     Doğrultu Eğim   Kayma 

(Km)      (°)          (°)       (°) 
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                       1    20.07.2017   22:31     27.433   36.964    6.2     6.3        91          62      -97 

2    20.07.2017   22:52     27.351   36.941    8.2     4.5      118          79      119 

3    20.07.2017   23:00     27.407   36.976    5.0     4.0      209          78     -177 

4    20.07.2017   23:09     27.591   36.892    5.0     3.6      138          63      -86 

5    20.07.2017   23:23     27.304   36.949    7.4     4.9      107          28      -69 

6    20.07.2017   23:45     27.452   36.899    5.0     3.8      108          28      -76 

7    21.07.2017   00:11     27.438   36.927    5.0     3.6        57          81      -166 

8    21.07.2017   00:16     27.437   36.995    3.8     4.1        15          89      -172 

9    21.07.2017   00:30     27.593   36.904    5.0     3.5        82          62      -86 

10   21.07.2017   00:42     27.319   36.941    9.2     3.4      334          24      -141 

11   21.07.2017   01:01     27.365   36.978    5.0     3.7        62          67      -160 

12   21.07.2017   01:35     27.565   36.934    5.6     4.4      220          77      -166 

13   21.07.2017   01:50     27.358   36.981    10.9   4.0      240          88      -63 

14   21.07.2017   02:01     27.580   36.937    2.2     3.3      235          90      -167 

15   21.07.2017   03:09     27.517   36.926    5.0     3.5      359          78      -172 

16   21.07.2017   03:59     27.574   36.929    6.1     4.2        68          28      -91 

17   21.07.2017   04:15     27.618   36.916    5.0     3.3          1          28        18 

18   21.07.2017   04:26     27.578   36.964    5.0     3.3        76          60      -159 

19   21.07.2017   04:28     27.597   36.879    4.4     3.4        53          27      -108 

20   21.07.2017   04:39     27.590   36.921    2.6      3.7      103         68      -103 

21   21.07.2017   05:26     27.568   36.938    5.9      3.4      227         86      -130 

22   21.07.2017   05:55     27.594   36.877    5.6      3.6      278         73      -145 

23   21.07.2017   07:05     27.434   36.897    5.0      3.8        78         63      -111 

24   21.07.2017   07:11     27.478   36.937    5.0      3.6        88         55      -81 

25   21.07.2017   07:47     27.454   36.857    7.2      3.4      126         68       82 

26   21.07.2017   08:03     27.619   36.958    5.0      3.7      240         83       153 

27   21.07.2017   08:34     27.553   36.945    5.0      3.4        70         89      -153 

28   21.07.2017   10:20     27.638   36.914    5.0      3.4      300         50      -117 

29   21.07.2017   10:45     27.527   36.917    5.4      3.3        42         67      -80 

30   21.07.2017   11:06     27.504   36.941    9.1      3.3      238         79      -179 

31   21.07.2017   16:55     27.311   36.975    8.1      3.8      245         84      -21 

32   21.07.2017   17:09     27.264   36.948    5.0      5.0        49         60      -179 

33   21.07.2017   21:51     27.607   36.923    5.0      3.7      163         51      -15 

34   22.07.2017   00:34     27.530   36.946    5.0      4.0        84         61      -130 

35   22.07.2017   04:53     27.571   36.936    5.0      3.8      311         45      -99 

36   22.07.2017   07:49     27.618   36.908    12.5    3.3      124         52      -83 

37   22.07.2017   11:01     27.534   36.908    5.0      3.6      343         76      -45 

38   22.07.2017   13:20     27.542   36.948    5.0      3.8          2         49      -124 

39   22.07.2017   17:09     27.268   36.955    6.2      4.6        94         30      -83 
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40   23.07.2017   03:32     27.541   36.948    7.1      3.5      256         78      -148 

41   23.07.2017   11:38     27.560   36.955    6.2      4.6        94         30      -83 

42   23.07.2017   18:02     27.336   36.973    4.9      3.7        21         76      -176 

43   23.07.2017   18:22     27.595   36.929    5.0      3.7      310         46      -97 

44   23.07.2017   23:18     27.582   36.949    5.0      3.7        17         71      -129 

45   24.07.2017   13:39     27.524   36.944    5.0      3.6        11         69      -123 

46   24.07.2017   21:48     27.466   36.970    5.6      4.1        33         63      -88 

47   24.07.2017   22:34     27.536   36.949    5.0      3.7          3         46      -141 

48   25.07.2017   05:21     27.533   37.004    5.0      3.9      206         81      -166 

49   25.07.2017   21:38     27.545   36.964    5.0      3.6      125         79      -74 

50   26.07.2017   10:55     27.528   36.907    5.0      3.7        15         71      -166 

51   27.07.2017   11:13     27.608   36.985    5.0      3.5      301         48      -111 

52   29.07.2017   09:29     27.607   37.026    5.4      3.7      101         81      -135 

53   29.07.2017   09:42     27.563   36.979    5.0      3.4        78         56      -106 

54   29.07.2017   10:05     27.477   36.896   13.3     3.5        99         46      -80 

55   29.07.2017   17:59     27.595   36.006     5.0     3.8      165         24      -37 

56   30.07.2017   07:02     27.572   36.996     5.0     4.4        17         74      -164 

57   30.07.2017   07:06     27.562   36.964     7.7     3.7        49         47      -172 

58   30.07.2017   10:56     27.586   36.999     5.0     4.0        37         62      -137 

59   30.07.2017   15:24     27.538   36.914     2.8     3.6        358       48      -114 

60   30.07.2017   17:51     27.647   36.995     7.8     4.5        128       25      -59 

61   31.07.2017   16:25     27.599   36.987     5.0     3.9        25         59      -144 

62   31.07.2017   16:57     27.560   36.889     5.8     3.3        238       75      -30 
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Şekil 5: 20/07/2017-31/07/2017 tarihleri arasında meydana gelen 62 depremin odak 

mekanizma çözümü ve haritası. 
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Şekil 6: Gökova Körfezi deprem etkinliğinin kuş bakışı görünümü ve derinlik kesiti haritası. 

 

Derinlik haritası incelendiği zaman depremlerin odak derinliklerinin 30 km kadar ulaştığı 

görülüyor. Ancak derinlik kesiti haritasına bakıldığında depremlerin esas derinliğinin 3 ile 22 
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km arasında oluştuğu gözlemlenmiştir. Bu bulguda bize depremlerin sismojenik zonunun 3- 22 

km aralığında değiştiğini göstermektedir. 

3.2 Gerilme Tensörü 

Gerilme tensörü analizi yönteminde en büyük sıkışma (𝜎1), orta sıkışma (𝜎2) ve en küçük 

sıkışma (𝜎3) olan 3 asal gerilme ekseni ve R (gerilme oranı) belirlenmelidir. R değeri bölgede 

egemen olan gerilme rejiminin türünün göstergesidir. Gerilme oranı (1) bağıntısı ile belirlenir. 

R değeri 0 ile 1 arasında değerler alır. 

 

                       R=
𝜎2−𝜎1

𝜎3−𝜎1
                                       (1) 

Bu çalışmada 62 depremin gerilme tensörü analizi yapılmıştır. MATLAB© tabanlı 

STRESSINVERSE programı kullanılmıştır. Gerilme tensörü belirlenirken ters çözüm 

algoritması kullanılmıştır. Yapılan hesaplamalar sonucunda bölgeye ait σ1, σ2 ve σ3 gerilme 

eksenlerine ait azimut ve dalım değerleri sırasıyla (257, 73), (95,16) ve (4,5) olarak 

bulunmuştur. Ayrıca gerilme oranı yaklaşık olarak 0.7 bulunmuştur ve bu değer çalışma 

bölgesinde açılma rejimine işaret eder. Hesaplanan gerilme değerlerine göre σ1 (en büyük 

gerilme ekseni) D-B doğrultulu olduğunu ve σ3 gerilme eksenin K-G doğrultulu olduğunu 

söyleyebiliriz. 

 

 

Şekil 7: Gerilim tensör ters çözümü analizi sonucu bulunan tensör bileşenlerinin doğrultuları. 
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Şekil 8: 62 depreme ait P ve T eksenlerini dağılımı. P ekseni σ1, T ekseni σ ile gösterilmiştir. T 

ekseni K-G yönünde, P ekseni D-B yönündedir. 

 

Şekil 9: Göreceli gerilim oranının (R) dağılımı. R değeri 0,7 olarak bulunmuştur. Bu değer 

bize bölgede açılma rejimine işaret etmektedir. 
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3.3. Coulomb Gerilme Analizi 

Herhangi bir bölgede meydana gelen deprem, bölgedeki diğer faylardaki statik veya dinamik 

gerilme durumunu da değiştirebilmektedir. Bu gerilme değişimi yarı uzaydaki dikdörtgen 

düzlemler üzerinde meydana geldiği farz edilen yer değiştirme yöntemi ile hesaplanır [7]. 

Yakın alandaki depremlerin birbirini tetikleye bilmesi için o alanda 0.5 barlık gerilme artışı 

olması yeterlidir [8]. Coulomb gerilme değişimi (2) bağıntısı ile hesaplanmıştır. 

Δ𝐶𝐹𝐹 = Δ𝜏 + 𝜇(Δ𝜎n + Δ𝑃)                                           (2) 

Δ𝜏- fayda oluşan kesme gerilmesindeki değişim, Δ𝜎n- normal gerilmedeki değişim, Δ𝑃- boşluk 

suyu basınç değişimi, 𝜇- faydaki etkin sürtünme katsayısını ifade etmektedir. ΔCFF değeri 

pozitif olursa gerilmenin artmasına, negatif olura gerilmenin azalması anlamına gelir. Coulomb 

gerilme analizi hesaplamalarında bazı kaynak parametreler bilinmelidir. Bunlar depremin 

enlem ve boylamı, doğrultu, eğim açısı, kayma açısından oluşmaktadır. Deprem odak 

mekanizma çözümlerinden doğrultu, eğim ve kayma açısı değerleri bulunur. Oluşturulan 

Coulomb gerilme değişimi haritasında kırmızı renk gerilmenin arttığı, mavi renk ise azaldığını 

göstermektedir. Kırmızı renkli bölgelerde gerilimin artışı 0.4 barın üzerindedir. Bundan sonraki 

muhtemel kırılmanın doğu-batı yönünde gerilmenin artış gösterdiği kırmızı bölgelerde olması 

beklenmektedir. Beyaz daireler odak mekanizma çözümlerinin yapıldığı depremleri (Ml≥3.3) 

göstermektedir. Bu deprem dağılımları Coulomb stres değerlerinin dağılımlarıyla uyumludur. 

Depremler stresin boşaldığı mavi renkli bölgelerde görülmektedir. Kırmızı çizgi ise bize fayın 

kırıldığı alanı göstermektedir (Şekil 10). 

Bu depremde Coulomb gerilme analizine baktığımızda 40 km uzunluğunda ve 15 km 

genişliğinde bir kırılma oluşmuştur. Fayın doğu ve batı kısımlarında 0.4-0.5 bar civarında 

gerilme meydana gelmiştir. Ayrıca kuzey ve güney yönde gerilmenin azaldığı görülmektedir. 

Aynı zamanda Coulomb stres dağılımı derinlik kesitine bakıldığında kırılma düzleminin 3 ile 

12 km arasında geliştiği ve depremin odak derinliğinin de 6,2 km olarak bulunduğu 

görülmektedir (Şekil 11). Aynı zamanda fay düzleminin kırılma yönü de KB-GD olarak 

hesaplanmıştır. Bu kesit Şekil 10’da görülen A-B profil çizgisini esas alarak çizdirilmiştir. 
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Şekil 10: 21 Temmuz 2017 Gökova depremi Coulomb gerilme değişiminin kuş bakışı görüntüsü. 

 

Şekil 11: 21 Temmuz 2017 Gökova depremi Coulomb gerilme değişiminin derinliğe bağlı 

görüntüsü. 
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4. Tartışma ve Sonuç 

Gökova Körfezi’nde 21 Temmuz 2017’de Ml 6.3 depreminin anaşoku, bu anaşokun meydana 

getirdiği artçı şoklar ve bunların episantr/hiposantr dağılımları hesaplanmıştır. Bunun içinde 

HYPOCENTER yazılımı kullanılmıştır. Anaşok ve artçıların merkez üsleri tespit edildikten 

sonra Ml>3.3 depremlerinin her birinin P dalgası polaritelerinden odak mekanizmaları 

bulunmuştur. Bu odak mekanizmaları da gerilim tensör analizi için bir altlık oluşturmuş ve bu 

sayede bölgenin gerilim tensör dağılımlarına bakılmıştır. Bu sonuçlar, Gökova Körfezi için bize 

tensör bileşenlerinin yönelimlerini göstermiştir. Bu tensör bileşenlerinin önemi kırılan fayın 

doğrultusunu bize göstermesidir. Bu sayede kırığın yönünü, maksimum yatay kesme gerilimini 

ve fayın doğrultusunu bilme şansına erişmiş olmaktayız. Bunların üzerine yaptığımız Coulomb 

gerilim dağılımı ile de ana şokun ve artçılarının oluşturduğu maksimum basıncın bar biriminden 

değerleri bulunmuştur. Burada yapılan, gerilmenin hangi yönlerde kaç barlık bir artış 

getirdiğidir. Bu durum bize, gelecekte bölgede oluşabilecek potansiyel depremlerin yönü ve 

doğrultusu hakkında bilgi vermektedir. 

Böylece gelecekteki potansiyel depremlerin konumsal olarak oluşma alanları hakkında bir 

şeyler söyleme imkanına kavuşmuş olmaktayız. Bu aynı zamanda sismik risk ve tehlike analizi 

girdisi olan fay doğrultusunu/çeşidini de elde etmemize olanak sağlamaktadır. Bu deprem 

verilerinin yapısal yüzey jeolojisi ile karşılaştırılması da büyük önem arz etmektedir. Şöyle ki; 

derin fay yapıları her zaman yüzeyde, insan vücudundaki bir yara izi gibi, bir kırık izi olarak 

karşımıza çıkmaktadır. Bu yapılar karalarda daha iyi tespit edilebilmektedir. Bu depremle 

kırılan fayın uzunluğu, artçı deprem dağılımı göz önüne alındığında, yaklaşık 40 km olarak 

hesaplanmıştır. 

Yapılan çalışmada, Kandilli Rasathanesi geniş-band deprem kayıtları kullanılmıştır. Bu 

kayıtlardan elde edilen veriler ışığında, bölgenin güncel depremselliği, sismotektonik 

özellikleri ve bölgede etkin olan gerilme tensör bileşenleri anlaşılmaya çalışılmıştır. Çalışmada 

kullanılan veri seti 20-31 Temmuz 2017 arasını kapsamaktadır. Bu tarihler arasında bölgede 

yoğun bir deprem aktivitesi gözlenmiştir. Lokal büyüklükleri 3.3 ile 6,3 arasında değişen 

toplam 62 adet depremin analizi yapılmıştır. Ana şok da dahil olmak üzere toplam 62 adet 

(Ml≥3.3) depremin lokasyonu HYPOCENTER algoritması kullanılarak belirlenmiştir. 

Lokasyonların belirlenmesinde kullanılan hız yapısı, Muğla ve civarı için hesaplanan hız 

yapısıdır. 

Odak mekanizması çözümlerinin daha sağlıklı çıkması açısından odak küresi üzerine düşen 

istasyon dağılımının homojenliğine özellikle dikkat edilmiştir. Odak mekanizması 
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çözümlerinde 10 adet istasyonun altına düşülmemesine özen gösterilmiştir. Bu çalışmada 

ortalama 15 deprem istasyonu ile odak mekanizmaları hesaplanmıştır. Ayrıca, KRDAE verileri 

kullanılarak Temmuz 2017’de meydana gelen depremlerden sonra bölgede meydana gelen artçı 

şoklar hem uzaysal hem de derinliğe bağlı olarak incelenmiştir. Buna göre; özellikle Datça ve 

Bodrum’un güney kesimi ile Gökova Körfezi’nin içlerine doğru gözle görülür bir yoğunluk 

belirlenmiştir. Yapılan çalışmada, episantrlar HYPOCENTER algoritması tarafından 

belirlenmiş, 62 adet depremin odak mekanizması çözümleri ise zSACWin programı 

kullanılarak hesaplanmıştır. Çözümler incelendiğinde, depremlerin T eksenlerinin (açılma) 

eksenlerinin K-G, P eksenlerinin ise D--B doğrultulu olduğu gözlemlenmiştir. Bölgedeki 

baskın fay düzlemi çözümleri normal faylanmadır. Bununla birlikte ve doğrultu atım bileşenli 

faylanmalarda gözlemlenmiştir. Bu bölge için yapılan tektonik yorumlamalarda da Gökova Fay 

Zonu ve civarında gözlenen Datça Fayı gibi yapılarda bu özelliklerden bahsedilmektedir [9], 

[10], [11], [12]. Ancak burada tekil olarak yapılan mekanizma çözümlerinin bölgeyi etkileyen 

asıl tektonizmayı değil, tektonizmanın etkisiyle yerel olarak oluşan unsurları işaret ettiğini 

söyleyebiliriz. Tüm bölgede meydana gelen gerilmeyi belirlemek için gerilme tensör analizi 

yapılması gerektiği düşünülmüştür. Yapılan çalışmada, bölgede meydana gelen 62 deprem 

kullanılmıştır. Bu amaçla, Vavryčuk [13] tarafından geliştirilen gerilme tensör ters çözüm 

analizi algoritması kullanılmıştır. Gerilim tensör hesaplamaları sonucunda, seçilen bölgeye ait 

σ1, σ2 ve σ3gerilme eksenlerine ait azimut ve dalım değerleri sırasıyla (257,73), (95,16), (4,5) 

olarak bulunmuştur. Bu hesaplamalara dayanarak; Şekil 7’da gerilme değerleri hesaplanan 

bölge için σ1 en büyük birincil gerilme ekseninin D-B doğrultulu olduğunu, σ3 gerilme 

ekseninin ise K-G doğrultulu olduğunu söyleyebiliriz. Yapılan gerek jeolojik gerekse jeodezik 

çalışmalarda Batı Anadolu’da gözlenen açılma zonuna ait gerilme değerleriyle, tezde bulunan 

değerler paralellik göstermektedir [9]. Bu değerlere bağlı olarak; bölgede yaklaşık KB-GD T 

eksenli doğrultu atım bileşenli fay tipini görmek de olasıdır. σ2 değeri bize normal 

faylanmalardaki maksimum yatay gerilmeyi (SH) vermektedir. Bu da σ1gerilme ekseni ile aynı 

doğrultuyu vermektedir. Gerilme oranı 0,7 olarak bulunmuştur. Bulunan bu değerde, Ege 

Bölgesi’nin açılma rejimiyle uygunluk göstermektedir. Coulomb gerilme analizine 

bakıldığında da (Şekil 10), kırılan fayın uzunluğunun yaklaşık 40 km olduğu görülmektedir. 

Bununla birlikte, fayın doğrultusu DB uzanımlıdır. En büyük gerilme değerleri de D-B 

doğrultusunda 4-5 barlık basınç değişimleri olarak gözlemlenmiştir. Yatay gerilme de D-B 

doğrultusu olarak σ2 ile uyumludur. 
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Pa6/Pa610 Karışımlarının Hazırlanması ve Özelliklerinin 

İncelenmesi  

Elnura Artykbaeva1 

Özet  

Termoplastik polimerler arasında poliamidler (PA6, PA66, PA610, PA11) iyi mekanik 

özellikler, termal dayanım ve kolay işlenebilirlik gibi özellikleri ile dikkat çeken mühendislik 

polimerleridir. Farklı PA türleri arasında PA6, görece düşük yoğunluğu, düşük camsı geçiş 

sıcaklığı, yüksek mekanik özellikleri ile otomotiv sektörü başta olmak üzere spor malzemeler, 

elektrik-elektronik gibi alanlarda sıklıkla kullanılmaktadır. Bununla birlikte, PA6’nın yüksek 

su emilimi kullanım alanlarını kısıtlamaktadır. PA6’nın var olan gelişmiş özelliklerinden ödün 

vermeden yüksek su emiciliğini düşürmek amacıyla farklı polimerlerle harmanlama ve ceşitli 

takviye malzemeleri ekleme gibi yöntemler kullanılmaktadır. Bu noktada, PA6 ile 

harmanlamak amacı ile yapısal ve mekanik özellikleri PA6’ya benzeyen ancak su emiciliği 

daha düşük olan PA610 karşımıza çıkmaktadır. P610 sebasik asitten üretilen biyo bazlı yarı-

kristalin mühendislik polimeridir. PA6 ve PA610’un harmanlanması ile yüksek mekanik ve 

termal özelliklere sahip, su emiciliği PA6’ya göre daha düşük olan kısmı biyo bazlı yeni bir 

malzeme üretilebilir. Bu amaçla, sunulan çalışmada PA6/PA610 karışımları hazırlanmış ve 

özellikleri incelenmiştir. Saf PA6, P610 ve farklı oranlardaki (80/20, 60/40, 40/40, 20/80) 

karışımlar ekstrüzyon ve enjeksiyonlu kalıplama yöntemleri hazırlanmıştır. Hazırlanan 

örneklerin mekanik, ısıl, termo-mekanik ve su emicilik özellikleri incelenmiştir. Su emicilik 

testi sonuçları, saf PA6’nın %3.3 olan su emiciliğinin PA610 ile harmanlanması ile % 13 ila 68 

oranında düştüğünü göstermiştir. Harmanlama sonucu PA6’nın çekme dayanımı belirgin bir 

düşüş sergilemezken PA610’un dayanımı %8 artmıştır.  Tüm sonuçlar değerlendirildiğinde en 

iyi özellikleri ağırlıkça 60/40 PA6/PA610 karışımının sergilediği görülmüştür. 

Anahtar Kelimeler: Karışım, Poliamid, Mekanik Özellik, Su Emicilik. 

 

 

 
1 Kocaeli Üniversitesi Mühendislik Fakültesi Kimya Mühendisliği Bölümü. 
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1. Giriş 

Endüstriyel uygulamalarda polimerlerin ve polimer karışımlarının kullanımı hızla artmaktadır. 

Termoplastikler hafif olmaları, kimyasallara karşı dayanıkları, kolay işlenebilmeleri ve geri 

dönüştürülebilir olmaları nedeniyle endüstriyel ürünlerin tasarımında daha çok tercih edilmeye 

başlanmıştır. Çeşitli termoplastik polimerler arasında poliamidler (PA6, PA66, PA610, PA11) 

iyi mekanik özellikleri, termal dirençleri ve kolay işlenebilirlikleri ile dikkat çeken mühendislik 

polimerleridir [1–3]. 

Poliamidler, tipik olarak bir diasit ve bir diaminin yoğunlaştırılmasıyla üretilen yarı kristalli 

polimerlerdir. Poliamidler, yüksek dayanıklılık ve mukavemetleri nedeniyle tekstil, otomotiv 

sanayi, halı, mutfak eşyaları ve spor giysilerinde yaygın olarak kullanılmaktadır. Tüm 

poliamidler özelliklerini etkileyebilecek su emme eğilimindedir. Emilen su bir plastikleştirici 

gibi davranarak polimerin özellikleri ters yönde etkilemektedir [3,4]. 

Farklı poliamid tiplerinde PA6, nispeten düşük yoğunluğu, düşük camsı geçiş sıcaklığı ve 

yüksek mekanik özellikleri ile otomotiv, spor malzemeleri, elektrik elektroniği gibi alanlarda 

sıklıkla kullanılmaktadır. Ancak, PA6'nın yüksek su absorpsiyonu kullanımlarını 

sınırlamaktadır [1,3]. PA6’nın var olan gelişmiş özelliklerinden ödün vermeden yüksek su 

emiciliğini düşürmek amacıyla farklı polimerlerle harmanlama ve ceşitli takviye malzemeleri 

ekleme gibi yöntemler kullanılmaktadır. Polimerlerin harmanlanması, düşük maliyetle istenen 

uygulama için belirli özelliklere sahip çok çeşitli mevcut malzemelerden yeni malzemeler 

oluşturmaya izin vermektedir [5,6]. Bu noktada PA610, PA6 ile benzer yapısal ve mekanik 

özelliklere sahiptir ancak daha düşük su emme özelliğine sahiptir. P610, sebasik asitten üretilen 

biyo bazlı yarı kristal mühendislik polimeridir. PA6 ve PA610'u karıştırarak, yüksek mekanik, 

termal özelliklere ve PA6'dan daha düşük su emme özelliğine sahip yeni bir biyo-bazlı malzeme 

üretilebilir. 

Bu çalışma, çeşitli karışım oranlarında PA6/PA610 karışımlarının hazırlanmasını ve 

karakterizasyonunu sunmaktadır. Hazırlanan numunelerin mekanik, termal, termo-mekanik ve 

su emme özellikleri incelenmiştir. 

2. Deneysel Bölüm 

1.1. Malzeme ve Metod 

Bu çalışmada, ektrüzyon ve enjeksiyona uygun NYLEM® 6 (EMAŞ A.Ş., Bursa/Türkiye) PA6 

ve PA6,10 (EPSAN, Bursa, Türkiye) kullanılmıştır. Ekstrüzyon prosesi öncesinde nemi almak 
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için PA6 ve PA6,10 polimerleri 80℃ ’de ve 12 saat boyunca vakumlu etüvde kurutulmuştur. 

Tüm bileşimler, 240ºC de 3 dk. karıştırma süresi ve 100 rpm karıştırma hızında laboratuvar 

ölçekli ekstruderde eriyikten harmanlama yöntemiyle hazırlanmıştır. Daha sonra 6 bar basınç, 

8 sn. tutma süresi ve 25ºC kalıp sıcaklığı ile laboratuvar ölçekli enjeksiyon makinası 

kullanılarak kalıplanmıştır. 

1.1. Karakterizasyon 

Karışımların su emme özellikleri ASTM D570 standardına göre gerçekleştirilmiştir. İlk olarak 

test numuneleri 80 °C'de 4 saat etüvde kurutuldu. Kurutulan numuneler tartılarak damıtılmış 

suya daldırılmıştır. 24 saat sonra numuneler sudan çıkarıldı, temiz bir bezle kurutuldu ve nem 

emme seviyesini gösteren ağırlıktaki değişimi ölçmek için tekrar tartılmıştır. Ağırlıkta 

kaydedilen artış “yüzde su emme” olarak hesaplanmıştır. 

Çekme testi karışımların çekme özellikleri ISO 527 5 A standardına göre Instron marka çekme 

testi cihazı kullanımıyla belirlenmiştir. Her bir örnek için 5 adet numune test edilmiştir ve 

ortalama değer hesaplanmıştır. Örneklere test cihazında 5mm/dk hız ile uzayacak şekilde 

kuvvet uygulanmıştır. Çekme testinde örneklerin çekme dayanımları ve kopma uzama değerleri 

belirlenmiştir. 

Üretilen karışımların ısıl davranışı Mettler Toledo DSC 1 Star marka DSC cihazında süpürücü 

gaz olarak azot kullanılarak incelenmiştir. Önce, 25°C ile 260°C aralığında, 10°C/dakika ısıtma 

hızı ile ısıtılan örnekler, bu sıcaklıkta 5 dakika bekletilmiştir. Daha sonra, 260°C’den 25°C’ye 

10°C/dakika soğutma hızı ile soğutulmuştur. Daha sonra 260 °C’ye kadar ikinci bir ısıtma 

işlemi uygulanmıştır. Elde edilen DSC termogramlarından örneklerin erime sıcaklığı (Tm), 

kristalizasyon sıcaklığı (Tc), erime entalpisi (ΔHf, J/g) değerleri okunmuş ve % kristalinite 

değerleri aşağıdaki eşitlik kullanılarak hesaplanmıştır. 

𝑋𝑐% =
𝛥𝐻𝑚−𝛥𝐻𝑐

∆𝐻𝑚
∗  𝑤

                                                                                                                     (1) 

Deney Mettler Toledo TGA-1 star model cihazla yapılmıştır. TGA analizi 5-10 mg aralığındaki 

örnek için 25℃’den 700 ℃’ye 10 C/dk ısıtma hızında gerçekleştirilmiştir. Örneklerin %95 ve 

%5’inin bozunma sıcaklıkları, ortalama bozunma sıcaklıkları ve kalan kül miktarı tayin 

edilmiştir. 
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2. Sonuçlar ve Tartışma 

2.1. Su Emilimi Özelliği 

Tüm numunelerin su emme özellikleri Şekil 1'de gösterilmiştir. Sonuçlara bakıldığında saf 

PA6'nın su emme değeri %3,35 iken PA610'un su emme değeri %0,85 idi. Poliamidlerin 

karboksil grubunun uzunluğu su emilimini etkilemektedir. Bu özelliği sayesinde uzun zincirli 

PA610, kısa zincirli PA6'ya göre daha az su emme göstermektedir. Karışımlarda PA610 

miktarının artması ile su emme yüzdesinin azaldığı gözlemlenmiştir. 

 

Şekil 1. Numunelerin su emme değerleri 

3.2. Çekme Testi  

PA6/PA610 karışımlarının mekanik özelliklerini incelemek için çekme testi sonuçlarından 

faydalanılmıştır. Saf polimerlerin ve karışımların çekme dayanımı sonuçları Şekil 2’de 

verilmiştir. Şekilde görüldüğü gibi saf PA6 78,44 MPa ve saf PA6,10 68,34 MPa çekme 

dayanımı değerleri göstermiştir. Saf PA6’ya PA6,10’un eklenmesi ile çekme dayanımlarında 

doğrusal bir azalma gözlemlenmiştir. Karışımlarda en yüksek çekme dayanımı 74,91 MPa ile 

80-20 PA6/PA6,10 oranındaki karışımda görülmüştür.  

Kopmadaki uzama sonuçları incelendiğinde ise %40 ve daha çok PA6,10 içeren karışımların 

kopma uzamalarında da doğrusal bir şekilde azalma görülmektedir. En yüksek uzama değeri 

%413,62 ile 80 – 20 bileşiminde gözlemlenmiştir. 
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Şekil 2. Karışımların çekme dayanımı ve kopmada uzama değerleri 

3.3. Diferansiyel Taramalı Kalorimetre (DSC) Analizi 

Farklı PA6/PA610 oranlarına sahip karışımların erime ve kristalleşme davranışını incelemek 

için Diferansiyel Tarama Kalorimetresi (DSC) kullanılmıştır. İkinci ısıtma termogramlarından 

erime noktası (Tm, °C), erime entalpisi (ΔHf, J/g) ve soğutma termogramlarından 

kristalizasyon sıcaklığı (Tc) elde edilmiştir. Kristalleşme derecesi (Xc, %), denklem (1) den 

hesaplanmıştır [7]. 

DSC eğrilerine göre PA6 221℃ ve PA610 ise 224℃ Tm değeri sergilemiştir. Tüm karışımlarda 

bu iki sıcaklık aralığında homojen bir erimeyi temsil eden tek bir erime noktası 

gözlemlenmiştir.  Buradan PA6 ve PA610’un karışabilir olduğu sonucuna varılabilir [5]. PA6 

ve PA610 soğutma basamağında keskin ve dar bir kristalizasyon piki sergilemişlerdir. Bu 

sıcaklıkta poliamidlerin yapısındaki N-H bağlarının hızlı bir şekilde hidrojen bağı oluşturarak 



7. Uluslararası Öğrenci Sempozyumu 
 

 119 

www.internationalstudentsymposium.com 
 

kristalizsyona elverişli hale geldiği bildirilmiştir. PA610’nun kristalizasyon sıcaklığı PA6’ya 

göre 6 derece daha yüksektir. Bu da PA610 daha erken kristallenmeye başladığını 

göstermektedir. Karışımlarda da artan PA610 miktarı ile Tc değeri artmıştır. 

Tablo 1. Numunelerin DSC sonuçları 

Numune Tm (℃) Hm(J/g) Tс (℃) Hc      (J/g) Xc(PA6)(%) 

PA6 221.7 46.6 180.4 62.7 20.2 

80-20 220.6 45.4 179.4 61.6 24.7 

60-40 221.7 41.4 180.5 44.8 29.9 

40-60 223.3 38.8 183.2 40.5 42.2 

20-80 223.7 37.5 183.9 39.3 81.6 

PA610 224.1 44.7 186.0 57.1 - 

 

1.1. Termogravimetrik Analiz (TGA)  

Saf polimerlerin ve PA6/PA610 karışımlarının termal bozunma davranışları TGA ile 

incelenmiş ve sonuçlar Tablo 2’de verilmiştir. Tablo incelendiğinde PA6’nın bozunması 

PA610’nun ilavesi ile yüksek sıcaklıklara kaydığı görülmüştür. PA610’nun bozunmasına 

bakıldığında, karışımdaki PA6’nın miktarı azaldıkça PA610’nun termal stabilitesi arttığı 

gözlemlenmiştir. Tüm örneklerin 700℃’deki kalıntı miktarları ise birbirine çok yakın değerler 

elde edildiği sonuçlarda görülmektedir. 

Tablo 2. Numunelerin termogravimetrik özellikleri 

Numune 
Td5 

(°C) 
Td50 (°C) 

Tmax-1 

(°C) 

Kalıntı 

miktarı (700 

°C) 

PA6 390.3 444.5 450.4 1.9 

80-20 392.3 444.9 450.9 1.9 

60-40 401.2 449.4 456.3 1.8 

40-60 408.53 458.8 460.2 1.3 

20-80 418.87 456.8 461.2 1.8 

PA610 425.27 458.8 464.7 1.5 
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2. Sonuç 

Bu çalışmada, sentetik PA6 ve biyo bazlı PA610 ekstrüzyon işlemi kullanılarak karıştırılmıştır. 

Test numuneleri enjeksiyonla kalıplandı ve hazırlanan numuneler karakterize edilmiştir. 

PA6'nın su emme değeri karıştırma ile iyileşmiştir. PA6'nın çekme mukavemeti ve uzaması 

PA610'dan daha yüksekti. Karıştırma sonucunda tüm numuneler bu iki saf polimer arasında 

mekanik özellikler göstermiştir. Tüm karışımlar, karışabilirliği gösteren tek Tg ve Tm gösterdi. 

DSC sonuçları, PA610'un çekirdeklenme etkisiyle PA6'nın kristalliğinin arttırdığını 

göstermiştir. Ayrıca, PA6'nın termal kararlılığı karıştırma ile iyileştirilmiştir. 
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The Production of Adobe in Algeria as an Intangible Cultural 

Heritage 

Fatiha Imane Mahcar1 

Abstract  

Vernacular architecture, which is formed as a result of thousand years of experience is in danger 

of extinction. The protection and the transformation of the vernacular architecture to the next 

generations are both a social mission and cultural necessity.  Human kind has always arrived 

somehow to maintain his survival and sometimes enjoyed living, even in the harshest climates. 

In the occidental Sahara, this mystic desert, the Ksour nowadays witness the human genius of 

acclimatization in such environment by creating their own built frame. This heritage that tells 

a long time history of a native adaptation seems to be poorly exploited today because of 

ideological changes that brought as a consequence the industrialization. This research is a 

summary of the production of adobe in Algeria especially in the region of Timimoun as an 

intangible cultural heritage, it was aimed; to provide the traditional know-how that has a strong 

contribution to the basis of the vernacular architecture, by studying the traditional techniques 

of construction in Timimoun, in order to document these particular techniques for a further 

rational use in the restoration and rehabilitation operations and to allow new Saharian 

constructions to profit from the assets of earthen materials. 

Keywords: Vernacular Architecture, Adobe, Know-How, Timimoun, Algeria. 

 

1. Introduction  

The “intangible cultural heritage” means the practices, representations, expressions, 

knowledge, skills – as well as the instruments, objects, artefacts and cultural spaces associated 

therewith – that communities, groups and, in some cases, individuals recognize as part of their 

cultural heritage. This intangible cultural heritage, transmitted from generation to generation, 

is constantly recreated by communities and groups in response to their environment, their 

interaction with nature and their history, and provides them with a sense of identity and 

 
1 Bursa Uludağ University Faculty of Architecture Department of Architecture. 
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continuity, thus promoting respect for cultural diversity and human creativity [1]. 

From the first house built by humanity to this day, the basic materials used in building 

production in the world have been materials obtained from nature, which people can easily 

reach. Soil is one of these materials. The architectural heritage produced with earthen material, 

which has been used for centuries in many different building cultures in various parts of the 

world, is being lost day by day. 

Vernacular architecture, which has survived to the present day by improving knowledge and 

skills for years, is in danger of extinction and disappearance. Preserving vernacular architecture 

and transferring it to future generations is both a social duty and a cultural necessity. The first 

step of conservation is to conduct research on vernacular architecture.  

The most important of these is adobe construction. Adobe construction has been in all 

civilizations since ancient times; it is a structural technique used in Babylon, Greece, Egypt, 

etc. Adobe construction has been used for all types of construction, public, private and even 

military such as the walls of military buildings in Greece. 

It is seen that the number of studies carried out all over the world and in Algeria for the 

preservation of adobe architecture and the research of today's usage possibilities by 

strengthening its weaknesses as a sustainable material has increased. 

The paper is of a conceptual nature and is based on a review of the literature on Adobe 

construction in the World. The city of Timimoun in Algeria will be an illustration of this 

vernacular architecture as one of the historical cities experiencing this Adobe construction. 

After this study, the proposition of some recommendations for the protection of this vernacular 

architecture for transmitted it to the future generations. 

2. Applied Geography 

The adobe construction system is found in many countries, especially in regions such as 

Anatolia, Central Asia and Africa. As seen in Figure 1, it is a common practice in the south of 

Asia, all of Africa and Central and South of America [2]. 
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Figure 1. The use of adobe in the world [2]. 

In addition to single and double-storey buildings, many-storey authentic vernacular 

architectural examples are encountered in the world with adobe material. 

         

 Figure 2. Old towns of Djenné mosque in Mali [3].   Figure 3. Çatalhöyük adobe houses [4]. 

3. Case Study 

3.1. Location of Timimoun City 

Timimoun is located in the southwest of Algeria, 1300 km from the capital city of Algiers. It is 

bound to the east by the provinces of Ghardaïa, Bechar and to the west by Tindouf. It is bordered 

to the north by the province of El Bayed and to the south by Adrar (Fig. 4). 

It consists of more than 350 palm orchards and towns. Timimoun is the capital of palm orchards 

(Fig. 5) [5].  
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Figure 4. Location of Timimoun [6]. 

 

 

Figure 5. Timimoun's palms [7]. 

 

The most common technique in Timimoun is adobe, which is mainly made from soil and natural 

fibers. To build homogeneous walls, it is necessary to produce adobe bricks from soil and 

connect the wall with the same material, then cover the wall with the soil [8]. 

 

 

 

 

 



7. Uluslararası Öğrenci Sempozyumu 
 

 125 

www.internationalstudentsymposium.com 
 

4. Adobe 

4.1. Definition of Adobe 

The term "Adobe" comes from the Egyptian "Thobe" meaning: brick ; he gave birth to the 

Arabic word “Attob” which became “adobe” in Spanish and “Toub” in French. It is also known 

by the name of “mud brick” [5]. 

“Sun-dried brick is more commonly known as adobe. It is molded from a malleable soil often 

added with straw. Originally, this brick was formed by hand. Later (and still now), it is made 

manually using molds of various shapes, in wood or metal. Currently, it also uses machines” 

(Fig. 6) [8]. 

 

Figure 6. Production of adobe [9]. 

4.2. Types of Adobe 

4.2.1. Shaped Adobe 

Manual shaping, without mold, tends to disappear. The best-known examples are the pear-

shaped bricks which were observed in Niger at the end of the 1990s and the conical bricks 

which are still used today (Fig. 7) [5]. 
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Figure 7. Shaped adobe [5]. 

4.2.2. Manual Adobe 

Consists of molding mud bricks in steel or wooden molds, of different shapes with one or more 

compartments (Fig. 8). Although in the past, this technique allows the creation of an economical 

housing, with low environmental impact [5]. 

 

Figure 8. Manual release of adobe bricks [5]. 

4.2.3. Mechanical Adobe 

In order to decrease the cost of labor and increase the quantity 

of production, developed countries have implemented this 

mechanized or industrial mode of manufacture. 

- The Construdobe company (1990), in Portugale. 

- The "Adobe master" molding machine in New Mexico. 

- Large-scale production plants in the USA (California, New 

Mexico) [5]. 

4.3. Production of Adobe 

The production method done through 3 stages: preparation, molding, drying and storage (Fig. 

9 and 10). 

 

 

Figure 9. Production of adobe [10]. 
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Figure 10. Illustration of the production process of adobe in Timimoun [8]. 

 

4.3.1. Preparation 

The dosage of the two soils (el Bali and clay) is not always the same! For this reason, there is 

no one standard recipe for preparing the soil; the percentage of each component is defined on 

the basis of empirical experience. This step is very important in determining the consistency of 

adobes. In a pit of approximately 2x2m with a depth of 30cm (Fig. 11), the two types of soil 

are mixed with water, adding natural fibers to it. 

 

Figure 11. Adobe mixture preparation pit [8]. 

4.3.2. Molding and Drying 

The dimensions of the adobes differ depending on the dimensions of the molds. There are 

several types, of which the molds (30x15x15) and (35x15x15) are the most common in the Ksar 

of Timimoun (Table 1). 
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Table 1. Dimensions of adobes found in the Ksar of Timimoun [8]. 

Type Length (cm) Width (cm) Height (cm) 

01 35 15 15 

02 30 15 13 

03 40 15 15 

04 35 15 13 

05 30 15 15 

The molding operation begins with dusting the work surface with sand. After the mold has been 

placed, soil is poured into it so that no voids remain in the corners and in the surface. 

After one or two days of molding (depending on the season), it is very important to rotate the 

adobes for even drying. These adobes molding and drying operations require a large production 

area, which makes production slow in the event that a large space is not available [8].  

4.3.3. Storage 

Once the adobes are ready, they are stored in a place that is both close and protected from the 

rain. In the Ksar of Timimoun there are two kinds of storage which differ according to the 

arrangement of the adobes. On the one hand, the adobes are crossed and on the other hand, they 

are superimposed (Fig. 12) [8]. 

 

Figure 12. Types of storage [8]. 

5. Process of Adobe Wall Construction 

After making the foundations and preparing the adobes, building the walls is the next step. 

Often, the masonry of the wall differs depending on its location, exterior or interior, and whether 

it is load-bearing or non-load-bearing (Fig. 13) [8]. 
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Figure 13. Exterior adobe wall in Timimoun [8]. 

During the construction of the walls, the master masons regularly check the horizontal plane 

and the vertical plane, as well as compliance with the equipment. The construction of the walls 

starts with the ends which are often corners. A master mason places the adobes in the corner so 

that his assistants can continue the rest of the row (Fig. 14) while starting by putting the earth 

mortar (which gives joints between 2-5cm), then the adobes and, thus, go around the building, 

while gradually raising the wall, row by row. The height of the walls differs in the Ksar of 

Timimoun. Generally, it does not exceed 3m. 

 

Figure 14. Arrangement of adobes in the walls of Timimoun city [8]. 

6. Coating and Decoration 

The coatings of the walls are essential in the constructive culture in Timimoun! The exterior 

plasters protect the wall from rain and sand winds, but also from strong sun. For this last 

protection, it uses a technique, introduced during the colonial period, where balls are thrown by 

hand on the wall to create small shaded areas between them. Builders have improved this 

technique by using tools for its application; for example the trowel. Thus, it can meet other 

shapes than the circular ball. The oldest plaster in Timimoun is surely the simplest! Outside, 

masons use the same mortar they use to produce adobes and by hand, they apply a single coat 
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to cover the joints between the adobes, until they cover the entire wall, and protect it. The 

interior of the house, meanwhile, is covered by two layers. The first is carried out with the same 

mortar as the adobes and after it has dried, a finishing coat is applied in liquid white clay or 

lime to have a space illuminated by the color white (Fig. 15) [8]. 

 

Figure 15. Typology of exterior plasters [8]. 

Concerning the ornament, it is related to the sculpture made in clay soil in a wet state after being 

applied on the wall. With these ornaments it welcomes as a decorative element in the interior 

of ruined homes that can be seen as a frame of front doors or a frame carved with geometric 

shapes (Figs 16 and 17) [8]. 

 

Figure 16. Wall sculpture in the Ksar of Timimoun [8]. 

 

Figure 17. Interior of the Red Oasis Hotel in the Ksar of Timimoun [8]. 
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7. Values of Intangible Cultural Heritage of Adobe Constructions 

“Traditional crafts or handicrafts” are defined in the UNESCO 2003 Convention as one of the 

areas to which intangible cultural heritage is related. The practices, knowledge and skills of the 

builders, who are the creators of traditional architecture, are also evaluated under the scope of 

"traditional craft" and studies are carried out to document and protect them as an intangible 

cultural heritage element. Intangible cultural heritage elements reflected in traditional 

architecture, which can be examined within the "building culture", are the techniques, technical 

knowledge, methods, skills and mastery determined by the knowledge of the builders and the 

technology they use [11]. Among these elements, in addition to the knowledge and skills of the 

builders, some knowledge, skills and practices maintained by the people living in rural 

settlements within the building tradition are also valuable as an intangible cultural heritage 

element. 

 

7.1. Environment 

Adobe constructions have a low environmental impact on the entire life cycle of structures, 

from resource extraction to building abandonment. Their density limits human dominance in 

the region. 

The use of natural materials reduces pollution because all the resources collected are useful. 

The adobe building protects the health of users by regulating humidity and temperature. Soil 

and palm trees do not emit volatile compounds harmful to the inhabitants [12]. 

7.2. Socio-Economic 

The simplicity of the adobe constructions and the accessibility of the resource make it possible 

to master the act of construction. 

The ease of recycling and the infinite work ability of the earth facilitate conversions and 

adaptations to new uses. Buildings can therefore serve longer. 

Building with adobe eliminates the need for energy-intensive commercial materials, both 

during construction and in use [12]. 

7.3. Socio-Culture 
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The adobe constructions blend into the landscape and provide the transmission of knowledge 

that has developed over the centuries. 

The diversity and evolution of decorations show that its soil is an inexhaustible vector of 

creativity accessible to all. 

This style of decoration is the hallmark of Timimoun architectures. It attracts visitors from all 

over the world. 

Building on earth requires strong mobilization that contributes to social cohesion [12]. 

8. Action Plan of Conservation of Adobe  

Adobe knowledge and technique is a renewable resource: the more people involved, the more 

it develops. The nature of the element ensures that its viability is not compromised by increased 

visibility and public interest. 

It is the responsibility of competent heritage bodies and educational institutions to ensure that 

conservation activities comply with local best practices and recognize specific local or regional 

customs, forms and building techniques. 

a. Encouragement and Development - Awareness Raising Especially Among Youth 

These activities will be in the form of festivals and thematic events that will promote an open 

dialogue between past and present generations on sustainable management of natural resources 

in each region. 

b. Research on Adobe Documentation and Protection Measures 

The need for more documentation of the various manifestations of the element is needed across 

an impressive array of disciplines (civil engineers, archaeologists and architecture, 

environmental sciences, etc.). It is well established among a community of committed 

researchers. 

c. Establishment of Skills Certification and Standardization Topic 

The issue of vocational training and skills certification in adobe knowledge and techniques is 

of vital importance in all applicant states. Certificates that already exist are not automatically 

recognized by everyone, although some are in high repute. 

d. International Partnerships and Networking 

Various adobe associations promote the creation of regional, national and international 

networks. The exchange of knowledge and best practices between them is very important. 
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9. Conclusion and Recommendations 

In recent years, the adobe construction technique has gained importance in the discussions of 

ecological architecture and sustainability, and the number of studies on its use in new buildings 

has increased. In this sense, it is an important source of information for knowing and 

understanding the traditional architectural tradition, which is rapidly being consumed in 

Algeria, with its original traditional architecture and the adobe architectural construction 

technique that is still being use in the Timimoun city. 

The adobe building tradition of Timimoun city, which has been maintained for centuries, is one 

of the region-specific values that should be preserved and maintained due to its importance as 

an intangible cultural heritage, both as an architectural decoration element and the way which 

is applied, techniques, materials and tools used. 

In this respect, the holistic documentation and preservation of this cultural practice with its 

tangible and intangible aspects is very important in terms of not forgetting the building tradition 

of the region and cultural history of Algeria.  

In this context, it is necessary to repeat this work, which is a preliminary study with its holistic 

documentation method, in other traditional settlements of Algeria, and to compile the 

knowledge and practices within the building tradition in order to be transferred to future 

generations. 
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Meaning of the Built Environment: The Old Train Station 

Building - Skopje 

Gremina Elmazi1 

Abstract 

Places are more than just areas and are loaded with meaning and importance. They symbolize 

histories, cultures, developments and are an influencing factor in people's lives. Places are 

perceived as landmarks or symbols according to their meaning, and understanding them helps 

comprehend the built environment more. This paper observes the train station and the meaning 

they had in the built environment. 

Train stations once have been the nucleus around which the town grew, whereas, in present 

times, they are seen as symbols or landmarks of the past. In most places, they have lost their 

meaning and have remained as symbol buildings in people’s collective memories. This paper 

was structured around the meaning the built environment has for the city and people. An 

emphasis was made on the train station, their perception, and their importance in collective 

remembrance. Additionally, was analyzed the old train station in Skopje. 

The main idea was to discuss the meaning train station buildings have and how the time factor 

changed it.  

Keywords: Perception, Meaning, Train Station, Skopje. 

 

1. Introduction 

The term 'place' expresses a robust affective bond between a person and a particular setting, 

and it can be defined as a space covered with users' meanings and values. People are connected 

to places; they feel them and are often psychologically attached without physical contact. 

Therefore, we can say that places can also be interpreted, narrated, perceived, felt, understood, 

and imagined Gieryn T.F cited in [1]. 

The perception of a place is triggered by many factors such as cultural background, previous 

experiences, history, and memory. These elements can change the way people think and feel 

 
1 Mimar Sinan Fine Arts University Architecture Department. 
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about a particular space or place. Rapoport states that places include clues, messages, and 

meaning that people perceive and decode based on their appearance, experiences, expectations, 

and motivations [2]. Most traditional environments and areas provide group-specific settings, 

and their character reminds people of the expected behavior, but this can only occur if the 

cultural code is known [2]. In accordance with this, culture is a social process where people 

create meaning to give themselves a sense of identity or place.  

2. Perception of Place 

Every place has a specific purpose which, in time, can change and evolve. Nevertheless, the 

meaning of the place is a psychological process that connects the place with the user. Because 

of this reason, to understand the meaning of the place, it needs to be analyzed its relationship 

with the communities. According to this, the relationship of people and place or how they 

perceive it can be explained through some forms, such as sense of place, ideology, destierra, 

place attachment, interestedness in place, and placelessness. 

The built forms with which people interact are richly embedded with symbolism and evoke 

various sentiments and emotions, and can provoke specific actions because they are collective 

memories that symbolize the experience and past. When in contact with a particular space, 

people can get the feeling of the sense of place. Over this, an individual can attach themself to 

concepts and meaning of the place. This act is an emotional connection via understanding the 

symbols of the setting, and it can provoke behaviors of belonging, comfort, security, and care. 

However, the definitions of the sense of place vary from time to subject.  The attempt to define 

it has led to passing to the past and comparing the notion across different periods, but still, the 

self is the most important element, followed by the environment, time, and social interactions 

[3]. 

When we refer to more prominent groups, sensing a place transgresses into a sense of 

community. People not only create an attachment with environments and places surrounding 

them but with other people as well. If they get connected with a specific thing, it explains how 

much meaning it has. 

Perceiving the importance and connectedness with the place shows the place attachment as 

well. This one expresses the emotions and feelings people have for a place, and it can be 

translated through the experience with it (degree of familiarity, knowledge), culture, activity, 
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or the place itself [1]. Notwithstanding, place attachment plays a role in creating the identity of 

the place [4]. 

When people are emotionally and culturally interested in a place, they manifest a relation called 

interestedness in place [5]. Through interaction with the place, people give meaning to it or 

create emotional belonging. This attention to the place can be physical and social. 

On the other hand, placelessness is the feeling that a place has no identity or sense. This 

perception had roots in late capitalism and mass culture periods when technological 

developments made the place lose importance [3]. Or according to Relph [6], when places do 

not have a known setting or culture, they suffer from a lack of sense and attachment. Places that 

are similar and do not have distinctive characteristics carry placelessness as well.  

A similar sense is witnessed between the refugees, and it is named destierra. This notion gives 

the feeling of displacement, loss of place, grief, sadness, and insecurity. 

Except for the human-perception-place relations mentioned above, memory needs to be added 

as well. There is nothing that connects more people with places than collective memory. 

Through time places grow into a locus of  “memorya,” a reminder of the past or “sites of 

memories.”1    

Skopje is an excellent example of memory sites, places that are remembered as the “one they 

used to be” or places that with time evolved and changed the meaning they had. Skopje has 

experienced many spatial transformations, natural disasters, and wars that interfered in its 

natural development. This process also influenced the creation of artifacts as memorial sites 

and later in their perceptional change. An excellent example of such a proceeding is Skopje’s 

Old Train Station. 

3. The Railway and the Old Train Station – Skopje 

Most of the world's stories and histories evolve around train stations. Those never-ending 

traveling journeys can recall people's memories. The collective memory of train stations is held 

by groups of people and is passed from one generation to another. 

Train stations, just like other gathering public spaces, are a set of unarticulated rules, stories, 

and behaviors. Plenty can be learned about a culture from its behavior and train history. Similar 

 
1 Pierre Nora refers to collective memories as site memories, or memories connected by specific places. 
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stories, the nation's past can be tracked through rail networks. The significance of the rail station 

is technical as much as symbolic [7]. At the same time, the train was seen as a transportation 

method for running or as a stairway for reaching a dream destination. Feed up by the adverse 

conditions and the lack of working positions, thousands of people decide to move illicitly, 

looking for a superior life.  In any matter, these structures affected a lot the life in the city, be it 

structural or social. With the construction of the railway lines, everything started to revolve 

around these structures, making it the most important place and or the central nucleus. Thus, it 

turned out to be a meeting point or a possibility to visit the outside world in the sociological 

aspect. 

The idea for a railroad in Macedonia rose as a need for a new method of transportation. Streets, 

where caravans passed, were old Roman ways and in adverse conditions. The unfortunate 

economic situation in the country did not give any opportunity for a new investment until the 

western countries decided to intervene.  

On February 9, 1873 [8], was constructed the first railway line, Thessaloniki -Skopje, and later 

the line Thessaloniki - Skopje - Mitrovica to connect with the bordering countries and Europe. 

In 1891 a new line, Thessaloniki - Vertekop – Bitola [8], was planned to join the Adriatic coast 

where the old via Ignatia passed. However, in 1913, after the withdrawal of the Ottoman 

Empire, the railway went through some turbulence. During the two world wars and the Balkan 

Wars, the railroads served as military helping methods for transporting troops where it suffered 

many damages, and it was only in 1944, after the liberation, that it was reconstructed. 

During 1950-1960, migration was a phenomenon widespread in the Balkan states, especially in 

the Yugoslav Federal Republic. Thus, after the agreement between Turkey and Yugoslavia in 

Split in 1953, was observed a new migratory wave [9]. Migration at this period was possible 

only from Skopje; thus, Muslims from Kosovo, the Sanjak, and Bosnia needed to fulfill their 

six-month residence in Macedonia to move with the Orient Express line passing in Skopje. This 

line made the city the central transit migration zone and the train route a salvation way. During 

those years, many stories were shared and created in the train station of Skopje. 

The first train station building was constructed in the second half of the 19 century until the 

Serbs destroyed it. The next train station was built in 1937/38 by Velimir Gavriloviq and started 

functioning in 1940. The place where the train station was built at the time was hardly populated 
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and was called Karshijaka1. Later, after the train station started to function, the city began to 

develop around it, making Karshijak the city's important site of memory.  

    

Figure 1: Old train station building, Skopje,[10]. 

The train station building was characteristic because of the various architectural styles used, 

starting from the middle age concepts, modern traditional, and byzantine style [11]. The idea 

of the floors, volume, and façade was done in symmetry which connects the building with the 

style of “monumental academism” [11]. The front façade makes the building very expressive, 

while the massive main volume is animated with two-story colonnades. On the other hand, the 

entry of the building is connected with the old matrix of Skopje, which passes through the old 

Bazaar, the Stone Bridge, and finishes in the Train station building. 

However, the architectural styles seen in the old train station building were characteristic of the 

time and were seen in other communist buildings in Skopje. The old train station is primarily 

compared with the Officers dome found in square Macedonia due to its colonnades and 

traditional style expression in facades. Another common characteristic is their location in the 

old matrix. The main difference was that the old train station is the end line, the Officers dome 

is in the center, therefore on the side of the stone bridge. 

Unfortunately, the old train station after the earthquake of 1963 was hardly damaged and with 

the clock on its focal veneer halted at 5:17 at the exact time the quake struck. A central part of 

the front façade was destroyed during the earthquake2 and was never reconstructed or repaired. 

 
1 Skopje is developed in two sides of the river Vardar. Whereas the od city is located in the left side of the river, 

the new city, where the old train station building is located symbolizes the new development of the 20th century. 

For this reason it was called “karsijaka” or “the other side”. 
2 In the earthquake of 1963 most of Skopje was destroyed. According to most literature it was destroyed more than 

70% of the city. 
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The old view of the train station remained a reminder of the past in people's memories and old 

photos. 

Around the southern side lies the starkest reminder of the destruction: here, the building looks 

like it was sliced apart. A plaque was found at the front of the building that quotes Tito's 

emotional pledge of solidarity with the city's inhabitants, which he delivered on the day after 

the disaster. Next to it is another plaque praising the rail workers. To the left, it can be seen the 

remaining pillar of the building's colonnades of the south-eastern wing, and on the north-west 

side, the letters – both Cyrillic and Latin can still be noticed of the name of the station. In 

conclusion, after the earthquake, the old train station stopped functioning. On its place was 

designed and built another transportation building that hosts the bus and train lines.  

  

Figure 2: Train Station then and now, [12]. 

After becoming the city of solidarity, Skopje took help from many countries and started a new 

spatial organization. The new master plan localized the rail and bus station elsewhere, and the 

international competition made Kenzo Tange and its team the planner and designer of the new 

transportation center [13]. The building named “City Gate” symbolizes the new entry to the 

city of Skopje and the post-earthquake city memory. Whereas the new building was called the 

new train station, the previous one remained the ‘Old Train Station building.’ 
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Figure 3: The City Gate - Transportation center, [14]. 

In 1968, began the adaptation and rehabilitation of the Old Railway Station facility. The 

external appearance of the building with the ruins was preserved entirely, with the existing 

structure strengthened and repaired. From 1970  it houses the city museum of Skopje [15]. Since 

then, it works like a museum with different archeological, history, ethnology, and art activities. 

The primary area is used for the exhibition of artifacts found from prehistory until later on. With 

the adaptation of the building, the spatial problems of the Museum of the City of Skopje were 

permanently solved. This act resulted in a modernly arranged structure that enabled the 

presentation of the museum activity in its entirety. 

4. Loss of Meaning  

In September 1975, the importance of the old station building and a cultural monument's status 

was highlighted and protected according to the Law on the Protection of Cultural Monuments 

[16]. With the enactment of the Law for the Protection of Cultural Heritage, the conservation 

centers' obligation has been determined to revalue the cultural monuments, and the old train 

station gained the status of the cultural heritage of great importance [16]. 

The meaning of the old train station was not achieved just because of the structure, but of the 

function and its surrounding. In the past, the enclosing streets and the public parks made the 

train station a symbol building, whereas now it is a structure left in the shadow of the new 

constructions. The location gave a place attachment perception to the migrants because of the 

experience they had with it. At the same time, this places attachment feeling related groups into 

a sense of group for the reason that they shared the same problems and ideas. 
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The years after the earthquake contributed to the marginalization of this part of the city with 

what non-planned building processes emerged, as a result of what the city's look was damaged, 

and the possibilities for improvement were limited. A proper valorization and inventory for the 

building and the surroundings were not done, and as a result, traces of virtual architecture 

objects had been destroyed [16]. The connection with the place was lost, so this part became an 

unknown place or placelessness for the inhabitants of Skopje. 

Nevertheless, not just the surroundings but the building as well has changed. The building did 

not have the voice to protect itself anymore, and day by day started to lose its meaning. The 

primary function of the train station has remained as a part of the collective memory of the 

inhabitants and now was a reminiscence of the earthquake. The stopped clock remained a 

reminder of 1963, whereas the old function as a train station is not mentioned. A significant gap 

stands in the inability to connect it with the years before the earthquake. During this time, the 

old train station was perceived as a site evoking memories of the earthquake.  

In 2016 a world-leading brand had suggested a sophisticated built-in around the old train station 

(Figure 4). In portals across Macedonia is stated that "the project includes a modern, attractive, 

multifunctional commercial, a residential building whose aim is to connect the symbol of the 

city – the old train station with the modern needs and life habits of the citizens of Skopje [17]."  

 

Figure 4: Suggestion for the old train station building: a) detailed urban plan of Skopje, b) 3d 

visualization [17]. 

Later on, the plan changed and was passed from a built-in to a usurpation of the parcels around 

the train station building. This plan was meant to shape the plots,” which allowed for the 

fragmentation of the whole and allowed the demolition of the platforms and original parts of 

the train station building, which also had a protected status” [18]. The building complex was 

named “Diamond of Skopje” and started to be built soon after. The train station building of 
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Skopje did not have a Jacqueline Kennedy Onassis to defend it as she did with the Grand Central 

Terminal of New York [19]. She led a campaign to save it from demolition and has continuously 

supported its renovation even through the court.  

 

Figure 5: Integration of the old Train station building in “Diamond of Skopje” [20]. 

We know that places do not have a permanent meaning, and adaptations can be made in time, 

but the trace they leave in history is unchangeable. This place has lost a sense of belonging. 

What made it special was the identity it once had, the different human experiences, memories, 

and perceptions created through time. From a historical and cultural area, step by step, it is 

transformed into a no-place. The place that once was a universal meeting point now was 

transformed into a space frequented by occasional art lovers and tourists. Its values are 

diminishing, and its place in people's memories gradually started to faint. 

5. Conclusion 

The changing spaces and the processes following have led to new meanings of spaces. This step 

was visible mainly in the recreation or urban regeneration processes where traditional 

environments are transformed into contemporary looks. The paper mentioned other factors that 

led to perceptional change, such as activities, experiences, physical aspects, and cultures. 

In the case of Skopje, instead of improving the built environment, decisions for drastic changes 

were followed by more changes. The old train station building, which for a time was the symbol 

of the city and had endeavored natural disasters, was being changed by the hand of men. These 

changes affected the “emotional feelings towards the place” [21]. On the other hand, if this 

space's visual characteristics affect the place's meaning, what does the surrounding of the old 

train station show? The sense of place in the example of the old train station has evolved from 

a place to a site of memory and, in the end, to a placelessness. To such a view has led the spatial 



7th International Student Symposium 
 

144 

www.internationalstudentsymposium.com/en/ 
 

changes around the building and the nonholistic view of the zone. The relationship between the 

building and the surrounding has been broken. On the other hand, the development of the place 

has led to an unknown space. 

In order to achieve spatial sustainability, it must be paid importance to the psychological side 

of the place, sense of place, and place attachment. In this way, it is understood what leads people 

to love or bond to it, but above all, what makes it a place rather than remaining space in the 

city's urban maps. 
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Increasing The Efficiency of Biological Treatment Ponds in 

Wastewater Treatment Plants Using Artificial Intelligence 

Models 

Hussein Y. H. Alnajjar1, Osman Üçüncü2 

Abstract 

Biological treatment in wastewater treatment plants appears as one of the most important factors 

in water quality management and planning. However, this very important parameter is difficult 

to measure and takes a long time to obtain measurement results. Difficulty and time-consuming 

measurements also increase the cost of measurements. To overcome these difficulties, scientists 

have tried to develop some methods. One such approach is artificial intelligence(AI) models, 

which are used quite a lot in the literature recently. When modeling the dynamics of the 

wastewater treatment(WWT) process, it is possible to monitor the pollution parameters of the 

treatment plant and control these pollution factors during processing in a faster, more reliable 

and economical way. This paper proposes the use of a fuzzy logic model to control biological 

wastewater treatment. In such systems, biological organisms remove unwanted substances 

including phosphorous, nitrogen and organic matter. The purpose of these software models is 

to predict treatment problems that may occur in the future, to intervene in the facility in a timely 

and quick manner, to reduce or completely prevent environmental pollution in the future, to 

improve the ecosystem, and to determine the treatment efficiency of the wastewater treatment 

plants(WWTP) by requiring less laboratory-scale reactors and pilot plants.  This study aims to 

use artificial intelligence models (fuzzy logic model) to achieve the best biological treatment 

(BOD, TN and TP) while at the same time ensuring that the treated wastewater is within the 

standards. The model was generated using fuzzy logic (MATLAB software was used to create 

the fuzzy logic model), and the model inputs are HRT, pH, temperature, F/M and BOD load to 

assess to which degree each of these variables affects BOD, TN and TP. The model outputs  

were within the acceptable wastewater quality standards according to the Turkish water 

 
1 Karadeniz Technical University Civil Engineering Faculty Hydraulic Department. 
2 Karadeniz Technical University Civil Engineering Faculty Hydraulic Department. 
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pollution control regulation for the receiving environment of treated wastewater. 

Keywords: Biological Treatment, Artificial İntelligence Models, Fuzzy Logic, Treated 

Wastewater, Biological Oxygen Demand, Total Nitrogen And Total Phosphorus. 

 

Introduction 

Many uncertain factors affect the operation of wastewater treatment plants. These include the 

physical and chemical properties of wastewater streams as well as the degradation mechanisms 

exhibited by biological processes. Because of the rising concerns about environmental and 

economic impacts, improved process control algorithms, using artificial intelligence 

technologies, have received wide attention. Recent advances in control engineering suggest that 

hybrid control strategies, integrating some ideas and paradigms existing in different soft 

computing techniques, such as fuzzy logic, genetic algorithms, and neural networks, may 

provide improved control of effluent quality[1]. 

Fuzzy logic (FL) is a powerful methodology for solving problems with many applications in 

control and information processing. The use of a fuzzy controller has significantly changed the 

approach to control problems. Conventional controllers adjust the control sizes of the system 

based on a set of differential equations that represent a model of a dynamic system. In fuzzy 

controllers, the control values are obtained based on fuzzy rules, which are similar to the model 

of human reasoning. Treatment efficiency in wastewater treatment systems under dynamic 

loading conditions is a challenging task. Because the operation of a wastewater treatment 

process is intimately linked with wastewater sources, chemical composition, flow rate, 

biological process conditions, and recycle ratio of the settled sludge, process control could be 

a valuable tool to minimize both environmental and economic impacts[2]. 

Over the last few decades, soft computing tools such as FL-based methods, neural networks, 

and genetic algorithms have had significant and growing impacts. But we have seen only 

limited use of these methods in environmental fields such as risk assessment, cost-benefit 

analysis, and life-cycle impact assessment. Because fuzzy methods offer both new opportunities 

and unforeseen problems relative to current methods, it is difficult to determine how much 

impact such methods will have on environmental policies in the coming decades[3]. 
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For the types of complex and imprecise problems that arise in environmental policy, the ability 

to model complex behaviors as a collection of simple if-then rules makes fuzzy logic an 

appropriate modeling tool. Because fuzzy arithmetic works well for addressing linguistic 

variables and poorly characterized parameters, fuzzy methods offer the opportunity to evaluate 

and communicate assessments based on linguistic terms that could match those of the public 

and decision-makers. Moreover, approximate reasoning methods such as fuzzy arithmetic do 

not require well-characterized statistical distributions as inputs. Another key advantage of fuzzy 

logic in risk assessment is the ability to merge multiple objectives with different values and 

meanings, for example combining health objectives with esthetic objectives. It also provides 

rules for combining qualitative with quantitative objectives. But we must recognize and 

confront the potential limitations of fuzzy logic for expressing health risk and other 

environmental impacts[1]. 

In modeling complex environmental problems, researchers often fail to make precise statements 

about inputs and outcomes, but fuzzy logic could be applied to the development of environment 

indices in a manner that solves several common problems, including the incompatibility of 

observations and the need for implicit value judgments. 

Studies have been conducted focusing on biological treatment systems in WWTP since the 

seventies of the last century. The effect of pH on the efficiency of biological treatment ponds 

for industrial wastewater was studied using fuzzy logic[4]. The fuzzy logic model was used to 

find the most mature option for low head hydropower technology at the outlet of wastewater 

treatment plants by evaluating relevant economic, technical and environmental parameters[5]. 

On the other hand, the actual control of the aeration process in the biological treatment stages 

was studied, which is an energy-consuming process, and by using the fuzzy logic model, 

dynamics were found to reduce the energy use in the aeration process[6]. The fuzzy model was 

also used in deciding to choose the appropriate treatment technologies in biological treatment 

ponds by evaluating four treatment methods: Anaerobic Anoxic Oxic, Triple Oxidation Ditch, 

Anaerobic Single Oxidation Ditch, Sequencing Batch Reactor Activated Sludge[7]. 

The fuzzy model also helped to reveal whether it was possible to reuse the treated wastewater 

to meet the requirements of its reuse in the agricultural and industrial fields[8]. 

This research aims to use artificial intelligence models (fuzzy logic) to achieve higher efficiency 
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for the work of biological treatment ponds in wastewater treatment plants by studying the effect 

of some variables (temperature, PH, hydraulic retention time, F/M and BOD load) on the level 

of total nitrogen, total phosphorous and biological oxygen demand, at the same time making 

sure that the treated wastewater is within Acceptable standards according to the reception 

environment. 

Materials and Methods 

Fuzzy logic models (also called linguistic models or fuzzy if-then rules) were first introduced 

by Mamdani based on Zadeh’s theory of fuzzy sets. These models can deal with systems that 

are highly uncertain[9]. The theory of fuzzy sets, firstly published by Zadeh (1965), presents a 

useful way of representing the uncertainty and imprecision in data without the need for complex 

mathematical relationships. These models have the advantage of being able to model non-linear 

functions easily and understandably by explaining the reasoning linguistically rather than with 

numerical quantities. They provide a useful way of representing human knowledge in a readable 

way in the form of fuzzy rules [10]. 

a. Fuzzy Controllers 

Fuzzy controllers are very simple conceptually. They consist of an input stage, a processing 

stage, and an output stage. The input stage maps sensor or other inputs, such as switches, 

thumbwheels, and so on, to the appropriate membership functions and truth values. The 

processing stage invokes each appropriate rule and generates a result for each, then combines 

the results of the rules. Finally, the output stage converts the combined result back into a specific 

control output value[11]. The most common shape of membership functions is triangular, 

although trapezoidal and bell curves are also used, but the shape is generally less important than 

the number of curves and their placement. From three to seven curves are generally appropriate 

to cover the required range of an input value or the "universe of discourse" in fuzzy jargon. As 

discussed earlier, the processing stage is based on a collection of logic rules in the form of IF-

THEN statements, where the IF part is called the "antecedent" and the THEN part is called the 

"consequent". Typical fuzzy control systems have dozens of rules[12]. Fuzzy control system 

design is based on empirical methods, basically, a methodical approach to trial-and-error as 

shown in figure (1).  
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Figure 1: Basic Structure of the Fuzzy Logic Controller 

b. Applications of Fuzzy Logic 

A fuzzy set can be simply defined as a set with fuzzy boundaries. Let X be the universe of 

discourse and its elements be denoted as 𝑥. In classical set theory, crisp set A of X is defined 

as function 𝑓𝐴(𝑥) called the characteristic function of A 

𝑓𝐴(𝑥): 𝑋 → 0 , 1 ,                                                                                                                    ( 1 )    

where 

𝑓𝐴(𝑥) =  { 1,            𝑖𝑓  𝑥 ∈ 𝐴   0,           𝑖𝑓  𝑥 ∉ 𝐴  

This set maps universe X to a set of two elements. For any element 𝑥  of universe X, 

characteristic function 𝑓𝐴(𝑥)  is equal to 1 if 𝑥 is an element of set A, and is equal to 0 if x is 

not an element of A. In the fuzzy theory, fuzzy set A of universe X is defined by function 

𝜇𝐴
(𝑥) called the membership function of set A 

𝜇𝐴
(𝑥): 𝑋 → [0 1],                                                                                                                  ( 2 ) 

where 

𝜇𝐴
(𝑥) = 1 𝑖𝑓 𝑥 𝑖𝑠 𝑡𝑜𝑡𝑎𝑙𝑙𝑦 𝑖𝑛 𝐴; 

𝜇𝐴
(𝑥) = 0  𝑖𝑓 𝑥 𝑖𝑠 𝑛𝑜𝑡 𝑖𝑛 𝐴; 

0 < 𝜇𝐴(𝑥) < 1 𝑖𝑓 𝑥 𝑖𝑠 𝑝𝑎𝑟𝑡𝑙𝑦 𝑖𝑛 𝐴. 

This set allows a continuum of possible choices. For any element 𝑥 of universe X, membership 
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function 𝜇𝐴
(𝑥) equals the degree to which 𝑥  is an element of set A. This degree, a value 

between 0 and 1, represents the degree of membership, also called membership value, of 

element 𝑥 in set A[13]. 

In this study, the fuzzy logical formalism was used to access treated wastewater according to 

the standards of the receiving environment by developing a water quality index. Studying some 

factors affecting biological treatment ponds based on  fuzzy logic. Fuzzy inference is the 

process of formulating mapping from a given input determinant to an output determinant using 

fuzzy logical reasoning. Decisions can be made based on mapping or identifying patterns. The 

fuzzy inference process includes three critical steps: membership functions, fuzzy group 

operations, and inference rules. The model was evaluated with data according to the 

specifications of raw wastewater and compared to the specification table for treated wastewater 

classified into four classes according to the quality of treated wastewater in Turkey as shown 

in table (1)  based on the Mamdani fuzzy inference system by using MATLAB. 

Table 1: Water pollution control regulation (Official newspaper Date: 31.12.2004 Official 

newspaper Number: 25687) 

Parameters 

WATER QUALITY CLASSES 

I II III IV 

BOD (mg/L) 4 8 20 > 20 

KOD (mg/L) 25 50 70 > 70 

TN (mg   N/L) 0.5 1.5 5 > 5 

TP (mg   P/L) 0.02 0.16 0.65 > 0.65 
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FC(EMS/100mL) 10 200 2000 > 2000 

TC(EMS/100mL) 100 20000 100000 > 100000 

DO (mg O2/L) 8 6 3 <3 

TOC (mg/L) 5 8 12 > 12 

PH 6.5-8.5 6.5-8.5 6.0-9.0 Out of 6.0-9.0 

Temperature(oC) 25 25 30 > 30 

The architecture that performs best was chosen as the final model for predicting the effluent 

BOD, TN and TF concentrations. This model has 5 inputs variables: HRT, temperature, PH, 

F/M and BOD Load with 3 membership functions associated with each input as illustrated in 

Figure (2) and Figure (3) show the Gaussian membership functions on the operating range. 

Table (2) shows the parameters of the Gaussian membership functions associated with the input 

variables, where c is the center of the corresponding membership function and b is the width.  

The model  contains 197 rules. 

 

Figure 2: The structure of the fuzzy logic  model 
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Figure 3: Fuzzy membership functions in the 

input space. 

Table 2: The parameters of Gaussian membership functions associated with the input variables 

 

Table (3) presents the example of optimized fuzzy rules generated using the modeling strategy 

developed in this study. The number of rules was 197 and the aggregation process is illustrated 
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in Figure (4). Each rule listed in the table consists of an IF and THEN part. The IF part specifies 

a set of conditions and the THEN part specifies the conclusion of the action. For example, rule 

10 in Table (3) can be read as: IF (HRT) is Low and (Temp) is Medium and (PH) is Low, THEN 

(effluent BOD) is high and (effluent TN) is high and (effluent TP) is high. Another example 

illustrates Figure (4) can be read as: IF (HRT) is 24.5 h and (Temp) is 17.6 oC and (PH) is 7.36 

and (F/M) is 0.307 day-1 and (BOD load) is 18500kg/day, THEN (effluent BOD) is 22.8mg/l 

and (effluent TN) is 4.37mg/l and (effluent TP) is 0.338mg/l. 

Table 3: optimized fuzzy rules (30 ruls as an example) generated using the modeling strategy 

developed in this study 
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Figure 4: Fuzzy inference diagram for the model predicting effluents the user just needs to put 

the input values to get the output value as seen from the figure. 

Results and Discussion 

The treated wastewater quality for the moving bed biofilm reactor as an example of aeration 

ponds has been assessed with the water pollution control regulation (Turkey). The calculated 

indices according the to fuzzy inference system (FIS) are given in (Fig. 2). On the other hand, 

a comparison has been done between the fuzzy logic model and the water pollution control 

regulation index.  

The results of the fuzzy logic model, that is, the treated wastewater (BOD, TN and TP) 

according to the model, were compared with the Turkish Water Pollution Control Regulation 

to be safely disposed of in the receiving environment 
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The observations of fuzzy model testing are shown in (Fig. 4). In the fuzzy model, BOD, TN 

and TP are showing acceptable and are mainly affected by HRT, Temp, PH, F/M and BOD load 

values as shown in figure (5). Figure (6 and 7) illustrates the effect of each of the previously 

mentioned factors on the TN and TP. 

 

 

Figure 5:The effect of different variables (HRT, Temp, PH, F / M and BOD load) on BOD. 
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Figure 6:The effect of different variables (HRT, Temp, PH, F/M and BOD load) on TN and TP. 

Conclusions 

Modeling the moving bed biofilm reactor (MBBR) (Biological Treatment) can improve the 

performance of wastewater treatment plants and can lead to a better understanding of the 

system. However, the complexity and uncertainty in the process make the task somewhat 

complicated using traditional deterministic models. Them exists another set of modeling 

techniques, known as artificial intelligence or data-driven techniques, which require no prior 

knowledge of the structure or state of the system. However, the quality of these techniques 

depends strongly on the quality of the data. 

The advantages of AI models especially FL model are that these models can predict the effluent 

concentrations without the previous knowledge of the system. In addition, assumptions about 

the mathematical relationships between inputs and outputs are not needed. Furthermore, these 

models are able to recognize the relationships between the inputs and outputs without explicitly 

considering the physics of the process. The main aim of this research work was to test the 
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hypothesis that AI techniques can be used for modeling the moving bed biofilm reactor 

wastewater treatment plants. Consequently, the objectives of this study were to investigate the 

efficiency of FL model in improving the data-driven techniques developed in this study. Other 

objectives were also inherent in this project, namely preparation of the data to eliminate the 

effect of noise and missing values and developing a software sensor to predict the BOD, TN 

and TP. 

The fuzzy logic model (Mamdani) was satisfactory and within the required specifications for 

treated wastewater according to the classifications of Turkish water pollution control regulation 

for the receiving environment of treated wastewater. 
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Nomenclature 

𝑓𝐴(𝑥): Characteristic Function. 

𝜇𝐴
(𝑥): Membership Function. 

AI: Artificial Intelligence. 

BOD Load(kg/day): Biological Oxygen Demand Load. 

BOD(mg/L): Biological Oxygen Demand. 

F/M(day-1): Food to Microorganism Ratio. 

FIS : Fuzzy Inference System. 

FL: Fuzzy Logic. 

HRT(hour): Hydraulic Retention Time. 

MBBR: Moving Bed Biofilm Reactor. 

MF: Membership Function. 

Temp(oC): Temperature. 

TN(mg/L): Total Nitrogen. 

TP(mg/L): Total Phosphorus. 

WWT: Wastewater Treatment. 

WWTP: Wastewater Treatment Plants. 
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Suitability of Geotechnical Properties of Bentonite -Bagasse Ash 

Mixtures Stabilized Lateritic Soil as Barrier in Engineered 

Waste Landfills 

Ibrahim Umar Haruna1, Ahmad Muhammad2 , Abdulaziz Ahmad3 , Mustapha Aliyu Yusif4, 

Abdurrahman Yusuf5 

Abstract  

Whenever the accessible soil on site is not suitable for the construction of a clay barrier, it is 

treated with cement, lime and asphalt. However, the harmful effects of these industrially 

produced additives on our environment have been recognized, so they must be replaced with 

low-maintenance materials made from agricultural and industrial by-products. Evaluation of 

the impact of bagasse ash on bentonite stabilized lateritic soil was carried out in terms of index 

properties, cation exchange capacity (hydraulic conductivity, VSS and UCS). Microanalysis 

using SEM and batch equilibrium tests to determine the leachability of bagasse ash into the soil. 

Treated samples were prepared by mixing soil with bentonite and bagasse ash at the following 

concentration levels: 0, 3, 6 and 9% and 0, 2, 4, 6, 8 and 10% by dry weight of soil. Samples 

were prepared at a moulding water content of (-2% ≥ OMC ≤ 4%), adopting BSL and BSH 

energy levels. Preliminary laboratory testing of the natural soil indicates that the soil is A-7(23) 

and CH using ASSHTO and USCS, respectively. The hydraulic conductivity, VSS and UCS 

values recorded at 6% bentonite content and 6% bagasse ash content gave satisfactory results 

that met the prescriptions of ≤ 1× 10-9 m/s, ≤ 4% and ≥ 200 kN/m2 for BSL and BSH energy 

levels, respectively. The overall acceptable range for bagasse ash stabilized bentonite-lateritic 

soils was achieved at 6% bentonite/ 6% bagasse ash content for samples prepared at 18.3 - 

21.0% and 15.0 - 17.0% moulding water content, respectively. 

Keywords: Landfill Barrier; Bagasse Ash, Bentonite, Hydraulic Conductivity, Volumetric. 

Shrinkage, Unconfined Compressive Strength, Acceptable Zone. 
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1. Introduction 

In both developed and developing countries, bulk amounts of solid waste are generated and 

haphazardly disposed of in environmentally hazardous landfills. After some time, some of this 

waste has rotted, oxidized and corroded, releasing toxic substances (leachate and noxious 

gasses) that pollute groundwater, air and soil. This environmental degradation can lead to many 

human diseases and even loss of life. 

Waste emplacement can be influenced by engineering design in which a base lining system and 

cover system filter the waste site from the water cycle, a leachate and gas collection system 

collects the products of reactions through the waste site, and measures are used to mitigate 

factors such as pests, erosion by wind and water, rodents, etc. 

A waste emplacement facility designed and constructed in this manner is called an engineered 

landfill. In a tropical country such as Nigeria, composite biochemical reactions occur during 

waste decomposition at high temperatures which can lead to an increase in pH, releasing 

decomposers in both liquid and gaseous forms. Landfill gasses consist of carbon dioxide, 

methane and hydrogen. It is vital to regulate the gasses within a landfill through interception 

and collection channels to prevent them from seeping into the soil. Likewise, leachate must be 

captured and collected to prevent soil and groundwater contamination. Rainwater essentially 

permeates the decaying waste organics and soluble waste components are leached out. Their 

harmful products are retained within the site by surrounding the waste with a liner along sides 

and base [1]. 

The word "landfill" is used to represent emplacement mechanism that separates waste from the 

environment. This system is primarily used for the final disposal of municipal solid waste on 

land and is designed and constructed with the aim of minimal impact on the environment. The 

ideology of landfill design in the early 1990s tended towards complete emplacement and 

isolation. However, recently it has been known that this is unachievable and that it is more 

appropriate to design for controlled release rather than aiming for infinite isolation [2]. The 

essential mindset of all sophisticated landfills revolves around the idea that wastes that do not 

become stable or inert over time are treated as stored rather than disposed of. 

Clay (in a low permeability state) without or with the use of plastic membranes, is the common 

landfill lining material. The former is mainly used in low permeability clay layers to provide 

more barriers in case of leakage [1]. 
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Engineered or artificial landfill is a more environmentally friendly disposal method. It consists 

of clay liners that act as hydraulic barriers to shield groundwater. To minimize the cost of 

developing a landfill, it is imperative to use locally available materials as landfill liners. 

Although compacted clays are generally used as landfill liners, [3] has indicated that not all 

conventional clays can provide good retention properties for contaminants. 

Although the clay lining serves as a boundary, it can also act as a chemical filter so that the 

incoming fluid carries away the harmful products. It is not known whether long-term contact 

between leachate and clay can cause adverse effects by either increasing the permeability of the 

clay or making it brittle. The standards for a clay liner include a minimum thickness of one 

meter and a permeability of 10-9 m/sec. They also describe the absence of shrinkage cracks and 

clods in the compacted layer, sufficient strength for stability under compressive loads and along 

slopes, and minimal effect of seepage on permeability [2]. The geotechnical properties of 

compacted clay broaden acceptance for use as landfill liners. 

Lateritic soils, when placed and compacted moist in the range of 2-4% relative to optimum 

water content, have been shown to have good hydraulic barriers and covers in waste 

emplacement (clay liners); they meet the minimum required hydraulic conductivity value of 

1×10-9 m/s. Acceptable volumetric shrinkage strain of ≤ 4%. UCS ≥ 200 kN/m2, required for 

use in waste storage facilities. Despite many recommendations on material standards such as 

clay content must be ≥ 40%, liquid limit between 25 and 30%, plasticity index between 10 and 

30%. Although these specifications cover a wide range, it is usually difficult to obtain a natural 

soil that meets all specifications including hydraulic conductivity and volumetric shrinkage. 

For the construction of the clay barrier, the on-site soil is usually used, provided that it can be 

compacted according to the standard specifications, including hydraulic conductivity and 

volumetric shrinkage strain. 

Bentonite is a substance that is not readily available in all parts of Nigeria, so the cost of using 

it in the construction of hydraulic barriers is high. Other industrially produced soil stabilizers 

such as bitumen, lime and cement have been used to replace bentonite, but the high cost of 

production and emission of greenhouse gasses in the manufacture of these materials draw the 

attention of researchers to the search for profitable materials that are often used to partially 

replace them without economic consequences. These materials are classified as industrial 

wastes and agricultural wastes. These materials include bagasse ash, groundnut shell ash, bone 

ash, rice husk ash, iron ore waste and wood ash. 
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The protection of our environment from pollution by waste generated by man-made activities 

and disposal systems in less developed countries is now a problem that requires due attention; 

because of the harmful effects on the environment, especially on soil and groundwater, which 

eventually affect the health of the population, the crucial attention for the study work arises. 

The research work focuses on the use of bagasse ash, an agro-industrial waste, to modify 

lateritic soils due to the richness of the product. 

The world production of sugarcane in 2018 was 1.9 billion tons. Brazil, Cuba, China, Pakistan, 

Mexico, Thailand, Colombia, USA, Indonesia and Australia are the leading countries in 

sugarcane production. The largest nations producing sugarcane in the world include Brazil, 

Cuba and India, which produce more than half of the total world sugarcane production. Africa 

has 1.2 million hectares with 72.1 million tons during the same period [4]. The important sugar 

producing countries in tropical Africa are Kenya, Mauritius, Sudan, Madagascar, Zimbabwe, 

Ethiopia, Nigeria, Cameroon and Tanzania. Nigeria is one of the major producing countries 

with an approximate cultivated area of more than 500,000 hectares suitable for the production 

of more than 3.0 million tons of sugarcane [5]. 

Nigeria is the largest consumer of sugarcane in West Africa and has a large acreage suitable for 

the cultivation of industrial sugarcane [4]. Nigeria is known to be abundantly endowed with 

human, water and environmental capabilities for sugarcane production. 

According to [6], sugarcane is produced and sold in many local government areas of the state 

including Giwa, Makarfi and Kudan. About 40 thousand households in the state cultivated 

sugarcane in 2016. 

The by-product or residue from the milling of sugarcane is bagasse (fibre of sugarcane) in which 

the residual juice and moisture from the extraction process remains. In addition, bagasse is 

produced locally by individuals by chewing sugarcane. Most of the bagasse produced, which is 

about one-third of the total crushed sugarcane, provides the fuel for steam generation [6], 

ultimately producing bagasse ash. As a result of electrification and the availability of other fuel 

sources, sugar mills have a surplus of bagasse during the regular production season. The locally 

produced bagasse and that from the sugar mills pose a problem in handling due to the mass of 

the material. It ferments and decomposes in the open, requiring safe disposal of the pollutant. 

In addition, if inhaled in large doses, the pollutant can cause a respiratory disease known as 

bagassiosis [7].  
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The physical and chemical properties of sugarcane bagasse ash are satisfactory and confirm the 

requirements for class N pozzolans [8]. The main oxides commonly associated with bagasse 

ash are Al2O3, SiO2, Fe2O3, MgO, CaO, Na2O and K2O with different proportions (9.22%, 

57.95%, 5.96%, 4.47, 4.52%, 2.66 and 2.40%) [5]. 

Therefore, the research work would carry out a study on the partial substitution of bentonite 

with bagasse ash by dry weight in different percentages to stabilize lateritic soil as clay lining 

material in landfill (waste emplacement), since both materials contain certain proportions of 

oxides that make them (pozzolanic materials), as such suitable additives for stabilization. 

2. Materials and Methodology 

2.1 Materials 

2.1.1 Lateritic Soil 

The laterite soil sample used in this research work was collected along Bauchi-Gombe Road in 

(Inkil town), Bauchi Local Government Area of Bauchi state, Nigeria. 

A disturbed sample was collected using hoe and shovel at a depth of 1.0m to 1.5m, some were 

collected in small polythene bags for determination of natural moisture content while others 

were collected in bags for easy transportation to the laboratory. The soil sample was observed 

to be reddish brown in insitu condition. 

2.1.2 Bagasse Ash 

The sugarcane bagasse used in the research work was collected from Makarfi Local 

Government in Kaduna State. The bagasse was dried in sunlight for 24 hours before being burnt 

to ash in a furnace (muffle furnace) at a temperature of about 5000C. The ash was cooled and 

collected in a polythene bag and stored at room temperature. The cooled ash was then sieved 

through sieve No. 200. 

2.1.3 Bentonite 

The bentonite used for the study was purchased from an open market in Kofar Ruwa, Dala 

Local Government, Kano State. 

2.2 Methods  

2.2.1 Index Properties 

Laboratory tests were carried out to determine the index properties of the natural and treated 
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soil (soil-bentonite-bagasse ash mixture) in accordance with [9 and 10] respectively. 

2.2.2 Compaction  

The BSL and BSH were chosen as the compaction energy level. Experiments involving the 

relationship between moisture-density included volumetric shrinkage strain (VSS), hydraulic 

conductivity (HC), and unconfined compressive strength (UCS). Air-dried soil specimen 

passing through the sieve BS with an aperture of 4.76 mm mixed bentonite and bagasse ash in 

proportions of 0, 3, 6, and 9% and 0, 2, 4, 6, 8, and 10%, respectively, based on the dry weight 

of the soil. The BSL compactive effort involve the use of a 2.5kg rammer suspended from a 

height of 300 mm on three layers, each of which received 27 uniformly distributed blows with 

a 1000 cm3 shape. In BSH (Modified Proctor) compactive effort involve the same mould is 

used with a 4.5 kg rammer suspended from a height of 450 mm on 5 layers, each layer receiving 

27 uniformly distributed blows (load). 

2.2.3 Design Parameters 

2.2.3.1 Hydraulic Conductivity 

The rigid parameter surface under falling height conditions according to [11] was used to 

determine the hydraulic conductivity of fine-grained soil samples. Natural soil samples and 

treated soil samples with different proportions of admixtures were compacted with BSL and 

BSH energy level at different moulding water contents of -2, 0 OMC, 2 and 4%. 

The OMC values were determined from compaction tests. The resulting samples were soaked 

for at least 48 hours until no air bubbles were visible, representing complete saturation in the 

water tank. Thus, each sample was wired through a standpipe containing distilled water. 

The distance travelled by the distilled water in the standpipe was recorded as a function of time. 

Tests were not considered unless the hydraulic conductivity measurement was constant. 

2.2.3.2 Volumetric Shrinkage Strain 

Volumetric shrinkage strain (VSS) is the decrease in soil volume as a percentage of the initial 

volume when the moisture content is reduced above a certain value of the shrinkage limit [12]. 

The air-dried soils containing bentonite and bagasse ash in different moisture contents were 

compacted using BSL and BSH at moulding water contents of -2, 0 OMC, 2 and 4% of optimum 

moisture content. 

The samples were then removed from the cylindrical mould and stored on a laboratory bench 
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(with plastic on the bottom) at a uniform constant temperature of 26 ± 20C for 30 days for 

natural drying. Measurements of diameter and height of each sample were recorded with a 

Vernier caliper to an accuracy of 0.05 mm. VSS was then determined from the mean diameters 

and heights of the samples. 

2.2.3.3 UCS Test Method:  

The maximum value of compressive force (load) per unit area that the specimen can withstand 

is called the unconfined compressive strength (UCS) of soil [13]. 

This test was carried out on a cylindrical specimen with a diameter of 38.1 mm and a length of 

76.2 mm. The air-dried soil-bentonite-bagasse ash mixture in different percentages was 

compacted using BSL and BSH at a moulding water content of -2, 0 OMC, 2 and 4% of 

optimum moisture content. 

After each compaction, the soil sample was removed from the mould and covered with a 

polyethylene bag (to minimize moisture loss) and stored for a period of 48 hours to allow 

uniform moisture distribution and curing at a constant temperature of 25 ± 20C. After curing, 

the samples were placed in a load frame with an UCS machine operated at a strain control of 

010%/mm until failure occurred. An average of three specimens was set for each test. 

2.2.4 Microstructural Composition 

Scanning electron microscope (SEM) is a common technique for determining the 

microstructural properties of soil fabric, providing information on the shape, size, and state of 

orientation and aggregation of soil particles [14]. The microstructural studies of the samples 

were carried out using SEM at NSRMEA, Kaduna state Nigeria. 

2.2.5 Batch Equilibrium Adsorption  

The method used for the batch adsorption test was in agreement with that described by [15].  

The pH test was carried out on the leachate samples using a pH meter. 

2.2.6 Cation Exchange Capacity (CEC) 

The method used for cation exchange capacity was in accordance with that of [16]. 

3.0 Results and Discussion 

A summary of the soil index properties is presented in table1 and also the particle size 

distribution plot of the natural soil is presented in Figure 1. 
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Table 1. Summary of the index properties of the natural soil 

Property Quantity Property Quantity 

Natural Moisture Content, 

% 

15.51 Optimum Moisture 

Content, % 

 

Specific Gravity, % 2.68 BSL 21 

Liquid Limit, % 51.5 BSH 20 

Plastic Limit,% 25.8 Maximum Dry Density, 

Mg/m3 

 

Plasticity Index, % 25.7 BSL 1.67 

Linear Shrinkage, % 19.3 BSH 1.70 

% Passing Sieve No. 200 83.6 pH 5.46 

Free Swell, % 64.8 Colour Reddish Brown 

AASHTO Classification A-7-6(23) Dominant Soil Mineral Kaolinite 

USCS Classification CH   

 

 

Figure 1. Particle distribution curve of the natural soil 
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3.1 Mineralogical Composition 

Mineralogical composition test result carried out on natural soil using X- Ray Diffraction at 

National Steel Raw Material Exploration Agency (NSRMEA), Kaduna state of Nigeria shows 

that kaolinite, illite and calcite and quartz are present in the soil.  

The high presence of kaolinite and illite in soil mineralogy promotes the formation of fine-

grained soil material which is impermeable and of low permeability.  

 

Figure 2. Mineralogical composition of the natural soil 

 

Figure 3. Micrograph of the minerals present in the natural soil (Plate 1) 
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3.2 Clay Minerals 

The kaolinite mineral is the most dominant part of the residual clay deposits and consists of 

large stacks of alternating tetrahedral single sheets of silicate and octaheral sheets of aluminium. 

Kaolinite clay minerals are very stable with a firm structure and allow only a small amount of 

moisture. They have a low swelling and shrinking reaction when in contact with moisture. 

Illite consists of a series of individual octahedral aluminium sheets interwoven between two 

tetrahedral silicon sheets. In the octahedral sheets, some aluminium is exchanged for iron and 

magnisium, and in the tetrahedral sheets there is a partial exchange of silicon for aluminium. 

Illites tend to absorb more water than kaolinite and have higher swelling and shrinkage 

behaviour. 

3.3 Non-clay Minerals 

Calcite mineral develops a very diverse forms of clusters: granular, compacted and fibrous. The 

calcite mineral plays a very important role as far as soil properties are concerned. It is of low 

hardness, similar to the clay minerals. They have low swelling and shrinking properties when 

in contact with moisture. 

Quartz, the most common mineral in the earth's crust, occurs as coated grains in sand as well 

as in cohesive soils. It is of high hardness and does not attract moisture. 

3.4 Chemical Composition of Additives 

The test result of chemical composition (oxide composition) carried out by X-ray fluorescence 

at National Steel Raw Material Exploration Agency (NSRMEA), Kaduna state of Nigeria 

shows that the two admixtures contained more than 70% combined silica, alumina and iron 

oxide (SiO2 + Al2O3 + Fe2O3) and thus possess good pozzolanas and pozzolanic reactivity 

according to [8]. 

Table 2. Chemical composition of admixtures (Bentonite and bagasse ash) 

Chemical 

Constituent 

% Composition of 

Bentonite 

% Composition of Bagasse Ash 

SiO2 65.44 66.03 

Al2O3 14.50 6.59 

Fe2O3 6.54 4.09 

Na2O 4.03 0.28 

K2O 0.76 3.26 
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CaO 0.77 5.23 

TiO2 0.22 0.92 

PbO 0.48 - 

MgO 3.22 3.82 

SO3 0.37 2.37 

ZrO2 - 2.09 

Rb2O - 1.22 

P2O5 - 0.11 

Nd2O3 - 0.05 

   

Table 2 (Continued) 

Chemical 

Constituent 

% Composition of 

Bentonite 

% Composition of Bagasse Ash 

MnO - 0.48 

ZnO - 0.05 

CuO - 0.46 

V2O5 - 0.11 

Cr2O3 - 0.09 

Bi2O3 - 0.26 

BaO 0.11 - 

Cl 0.5 0.46 

LOI 3.36 2.03 

LOI: loss on ignition 

3.5 Effect of Bagasse Ash on Bentonite Stabilized Lateritic Soil 

3.5.1 Specific Gravity 

The change in specific gravity of the soil/soil-bentonite mixture as a function of bagasse ash 

content is shown in Figure 4. From the results, the specific gravity of all proportions of soil-

bentonite mixtures increases with increasing bagasse-ash content up to 6% bentonite/ 6% 

bagasse ash mixture. 

The results show an increase in specific gravity from 2.68 for the natural soil to the optimum 

value of 2.80 for 6% bentonite/6% BA mixture. 

This increase could be due to the high specific gravity of the stabilizer replacing the soil with 

lower specific gravity. The same pattern was documented by [17 and 19], so the ultimate 
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reduction beyond 6% bentonite/6% bagasse ash mixtures may be the result of excess additives 

covering the pore space of the soil. 

 

Figure 4. Variation of specific gravity of soil-bentonite mixture blend with bagasse ash 

content 

3.5.2 Atterbarg Limit 

3.5.2.1 Liquid Limit 

The change in liquid limit of soil/soil-bentonite mixtures with bagasse ash content is shown in 

Figure 5. It was found that the liquid limit result decreases uniformly from 51.5% for natural 

soil to a value of 22.8% at 6% bentonite/6% BA content before the value increases at much 

higher content of additives. From the results obtained, there is a decrease in the liquid limit 

values which are in agreement with the reports of [18 and 21]. 

The values increase at higher additive content, which may be due to the pozzolanic substance 

that requires a larger amount of water for complete hydration. 

 

Figure 5a. Variation of liquid limit of soil-bentonite mixture blend with bagasse ash content 
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3.5.2.2 Plastic Limit 

The change in the plastic limit of soil/soil-bentonite mixtures as a function of bagasse ash 

content is shown in Figure 5b. The plastic limit mostly reduced with higher additive contents, 

from a natural soil value of 25.8% to a value of 18.2% at 6% bentonite / 6% bagasse ash content, 

before reducing at much higher additive contents.  

The aforementioned decrease in values was observed by [18, 22 and 23]. The experimental 

reduction was the result of a cation exchange reaction, as the higher cation (i.e. Ca2+) in the 

admixture replaced the loosely bonded ion in the clay fabric, causing flocculation and release 

of the water bonded at the outer layers. 

The initial increase in plastic limit beyond 6% bentonite/6% bagasse mixture was due to the 

plastic nature of the admixtures.  

 

Figure 5b. Variation of plastic limit of soil-bentonite mixture blend with bagasse ash content 

3.5.2.3 Plasticity Index 

The change in plasticity index of soil/soil-bentonite mixtures with bagasse ash is shown in 

Figure 5c. The value of plasticity index for natural soil decreases from 25.7% to 4.6% at 6% 

bentonite/ 6% bagasse ash content. 
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Figure 5c. Variation of plastic limit of soil-bentonite mixture blend with bagasse ash content 

3.5.3 Compaction Characteristics 

3.5.3.1 Maximum Dry Density 

The resultant change in maximum dry density (MDD) of soil/soil bentonite mixture with 

bagasse ash content for the two compaction tests used for the study; BSL and BSH are shown 

in Figures 6a-b. 

The values show that the MDD increases with higher bentonite and bagasse ash contents for 

the two energy levels used respectively. The MDD values increase from 1.67 and 1.70 Mg/m3 

for the natural soil compacted with BSL and BSH, respectively, to 1.80 and 1.92 Mg/m3 for 6% 

bentonite and 6% bagasse ash contents, respectively. The same results were observed by [19, 

24 and 26]. 

The increase in MDD values was due to bentonite and bagasse ash filling the interstitial spaces 

of the soil matrix, through the exchange of cations as a result of flocculation and agglomeration 

of clay particles. Similar results were observed by [23, 27 and 31]. The increase in MDD values 

was due to the higher specific gravity of additives exchanging the particles with lower specific 

gravity. 
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Figure 6a. Variation of MDD in soil-bentonite mixtures blend with bagasse ash content (BSL 

compactive effort) 

 

Figure 6b. Variation of MDD of soil-bentonite mixtures blend with bagasse ash content (BSH 

effort) 

3.5.3.2 Optimum Moisture Content 

The change in the values of OMC for BSL and BSH is shown in Figures 7a-b below. The 

reduction in the results of OMC from 21 and 20% for the compacted natural soil with BSL and 

BSH energies respectively to minimum values of 14.1 and 12% at 6% bentonite/ 6% bagasse 

ash content before the value increases at higher admixture levels. 

The results showed that the OMC decreases with higher bentonite and bagasse ash admixtures 

for the respective compactive efforts at 6% bentonite/6% BA content, which may be due to the 

dewatering of the mixtures where all the water was consumed, consequently causing low 

hydration. If no fluid flow to or from soil-bagasse ash-bentonite is allowed, the water in the 

hydration dries out until too little remains to saturate the solid surface, reducing the relative 
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humidity of the paste [32 and 33]. The aforementioned process probably influences the reaction 

mechanism of lateritic soil modified with bentonite-bagasse ash. This is in agreement with the 

studies of [19, 26, 28, 30 and 34]. 

The decrease in OMC values may be due to the absorbability of the admixtures as a result of 

their porosity. 

The resulting increase is due to the pozzolanic reaction of the additives and soil, which require 

more water [35]. This pattern can be explained by the increase in water demand, which is 

compensated with the higher amount of admixtures, as more water is required for the 

dissociation of the admixtures with Ca2+ and OH ions to provide more Ca2+ for the cation 

exchange reaction. Another explanation could be the increase in surface area affected by the 

high amount of additives, which requires sufficient water to lubricate the entire matrix. 

 

Figure 7a. Variation of OMC of soil-bentonite mixtures blend with bagasse ash content (BSL 

compactive effort) 

 

Figure 7b. Variation of OMC of soil-bentonite mixtures blend with bagasse ash content (BSH 
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compactive effort) 

3.6 Design Parameter for Clay Liner Barrier 

In [36], it is postulated that materials for landfill liners are usually tested for a number of 

parameters that are considered relevant to their proper functioning under operating conditions. 

These design parameters include hydraulic conductivity, desication induced volumetric 

shrinkage and unconfined compressive strength of the soil. Although only the above three 

design parameters were used in this study, indirect (splitting or Brazilian) tensile strength, 

bearing capacity, trafficability, internal shear strength and interfacial shear strength, and 

compressibility were also considered in the design of clay liners [37]. The criteria for the 

selected design parameters are shown in Table 3. 

Table 3. Clay liner design parameters requirement 

Design Parameter Design Limits 

Hydraulic Conductivity ≤ 1.0 × 10-9 m/s 

Volumetric Shrinkage Strain ≤ 4% 

Shear Strength ≥200 kN/m2 

Cation Exchange Capacity ≥10 cmol/kg 

3.6.1 Hydraulic Conductivity 

Hydraulic conductivity is the most important parameter affecting the efficiency of liners and 

covers [38]. The influence of additives (bentonite and bagasse ash) on hydraulic conductivity 

was investigated based on the variation of values obtained when considering the moulding 

water content, water content relative to the peak value and compactive effort when compacted 

between 2% dry to 4% OMC for BSL and BSH. 

3.6.2 Effect of Compaction Water (Moulding Water Content) on Hydraulic Conductivity 

The hydraulic conductivity results were plotted against the moulding water content with respect 

to the peak values, as shown in Figures 8a-d and 9a-d. 

The result obtained for the natural and the stabilized soil sample compacted between 2% dry 

and 4% wet at optimum moisture content for BSL and BSH compactive energy efforts follows 

a similar trend in all the cases considered. 

It is observed that the value of hydraulic conductivity is affected when the moulding water 

content is increased from dry to wet stage. The hydraulic conductivity obtained its lowest values 
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on the moist side of the optimum moisture content, especially at 2% moist optimum moisture 

content for the sample compacted with 6% bentonite/ 6% bagasse ash content, where 

satisfactory values of hydraulic conductivity of less than 1× 10-9 m/s were obtained between 

moisture water content of 13.8-21.0% with optimum at 17.2% moisture water content for BSL 

compactive energy level. Similarly, of 10.0-17.0% with the optimum value reached at 14.5% 

moisture water content for the compaction energy BSH. 

The subsequent decrease in hydraulic conductivity with increasing moulding water content was 

due to the easier dispersion (deflocculation) of the particle structure with increasing water 

content, which reduced the void space within the soil sample. 

  

a. With 0% bentonite     b. With 3% bentonite   

  

c. With 6% bentonite     d. With 9% bentonite 

Figure 8. Variation of hydraulic conductivity against moulding water content (BSL compactive 

effort) 

  

a. With 0% bentonite          b. With 3% bentonite   
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c. With 6% bentonite         d. With 9% bentonite 

Figure 9. Variation of hydraulic conductivity against moulding water content (BSH compactive 

effort) 

3.6.3 Effect of Bagasse Ash on Hydraulic Conductivity in Soil-Bentonite Mixtures  

The variation of hydraulic conductivity values of treated and untreated soil sample compacted 

between 2% dry and 4% moist of optimum moisture content for BSL and BSH are shown in 

Figure 10a-d and 11a-d respectively. 

It was observed that the value of hydraulic conductivity decreases with the increase of both 

admixtures before the value experiences an increase at much higher admixture. 

The BSL energy level compacted between 2% wet and 4% dry optimum moisture content gave 

satisfactory value of 1× 10-9, 6.6 × 10-10, 5.0 × 10-10 and 5.5 × 10-10 m/s at 6% bentonite and 6% 

bagasse ash content respectively. Similarly, the energy level BSH compacted between 2% wet 

and 4% dry optimum moisture content gave a minimum satisfactory value of 1× 10-9, 5.3 × 10-

10, 3.2 × 10-10 and 4.7 × 10-10 m/s at 6% bentonite/ 6% bagasse ash content, respectively. 

The decrease in hydraulic conductivity with increasing admixture content may be due to the 

high specific surface area of the bentonite particles, which form a gel or paste in most voids, 

creating a water layer that retains a portion of the water that cannot flow as freely as the rest of 

the water. 

However, saturated bentonite can absorb up to 5 times its own weight in water to form a paste 

with 15 times its original dry volume [39]. 

The subsequent increase at much higher admixture was due to the excess additives occupying 

the void space in the soil, thus requiring more water to complete the hydration process. The 

result is in agreement with the findings [40 and 41]. 
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a. With -2% OMC          b. With 0% OMC   

  

c. With +2% OMC               d. With +4% OMC 

Figure 10. Variation of hydraulic conductivity of soil-bentonite mixtures blend with bagasse 

ash content (BSL compactive effort) 

    

a. With -2% OMC        b. With 0% OMC 
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                            c. With +2% OMC             d. With +4% OMC 

Figure 11. Variation of hydraulic conductivity of soil-bentonite mixtures blend with bagasse 

ash content (BSH compactive effort3.6.4 Volumetric Shrinkage Strain 

As postulated by [42], one of the factors considered when assessing the suitability of clayey 

soils as hydraulic barriers (covers/liners) in waste emplacement is the volumetric shrinkage 

strain caused by desiccation. Researchers such as [43 and 44] believe that cracks in soil liners 

are unlikely to occur if compacted cylinders of the same soil experience less than 4% volumetric 

shrinkage strain during drying. In [45], it was found that volumetric shrinkage strain is 

determined by three main parameters: the moulding water content, the compactive effort and 

the plasticity index of the soil. The laboratory drying procedure is intended to produce the slow 

drying rate that occurs in-situ under satisfactory conditions. The effect of additives (bentonite 

and bagasse ash) on volumetric shrinkage strain was observed from the changes in moulding 

water content, water content relative to optimum and compactive effort at compaction between 

2% dry and 4% OMC for both British Standard Light and British Standard Heavy. 

3.6.5 Effect of Compaction Water (Moulding Water Content) on Volumetric Shrinkage 

Strain 

The influence of moulding water content and compactive efforts on VSS is shown in Figures 

12a-d and 13a-d. 

The result for the natural and the stabilized soil sample compacted between 2% dry and 4% 

moist optimum moisture content for BSL and BSH compactive energy efforts follows a similar 

trend in all the cases considered. 

It is observed that the value is affected when the moulding water content is increased from dry 
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to wet stage or side, the volumetric shrinkage potential obtained its lowest values on the wet 

side of optimum moisture content, especially at 2% wet of optimum moisture content of the 

sample, compacted with 6% bentonite/ 6% bagasse ash content, where a minimum satisfactory 

VSS values of less than 4% were observed between moisture water content of 18.3-27.0% with 

optimum at 18.3% moisture water content for BSL compactive energy level. Similarly, between 

15.0-23.5% with optimum value obtained at 15.0% moisture water content compacted at BSH 

energy level. 

Specimens compacted at higher moulding water contents shrank more during drying the higher 

the compaction energy was. The relative effect of VSS is lower, which is due to drying 

shrinkage in fine-grained soils that rely on particle movement caused by the tension of pore 

water induced by capillary menisci [46]. 

The illustrative reason for this assumption is that if two samples of a fine-grained soil (clay) 

with similar initial water content but with different fabric are taken, the clay sample that is 

deflocculated and dispersed shrinks the most because the pore size is smaller, which provides 

more space for capillary tension and more uniform relative  motion of particles and interparticle 

groups. Since the volume of water escaping from the pore spaces of the soil is directly 

proportional to VSS, the samples compacted with higher moulding water had a higher volume 

of water in their pore spaces, which will result in higher shrinkage upon drying. 

  

a. With 0% bentonite           b. With 3% bentonite  
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c. With 6% bentonite           d. With 9% bentonite 

Figure 12. Variation of volumetric shrinkage strain against moulding water content (BSL 

compactive effort) 

  

a. With 0% bentonite         b. With 3% bentonite   

  

c. With 6% bentonite         d. With 9% bentonite 

Figure13. Variation of volumetric shrinkage strain against moulding water content (BSH 

compactive effort) 

3.6.6 Effect of Bagasse Ash on Volumetric Shrinkage Strain of Soil-Bentonite Mixtures 

The variation of hydraulic conductivity values of treated and untreated soil sample compacted 

between 2% dry and 4% moist of optimum moisture content for BSL and BSH compactive 

energy level are shown in Figure 14a-d and 15a-d respectively. 

It was observed that the value of volumetric shrinkage strain decreases with the increase in both 
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admixtures before the value experiences an increase at much higher admixture. 

It was found that a minimum satisfactory value of volumetric shrinkage strain of less than 4% 

was obtained at 6% bentonite / 6% bagasse ash content for both compactive effort adopted (BSL 

and BSH). 

The BSL energy level, which was optimum moisture content compacted between 2% wet and 

4% dry, yielded a minimum satisfactory value of 4.0, 3.51, 3.0 and 3.86%, respectively, at 6% 

bentonite/ 6% bagasse ash content. Similarly, BSH energy level compacted between 2% wet 

and 4% dry optimum moisture content gave minimum satisfactory value of 4.0, 3.4, 2.5 and 

3.72% respectively at 6% bentonite/ 6% bagasse ash content. 

The decrease in VSS on increasing the additives to some content (6% bentonite/ 6% bagasse 

ash) was due to the presence of pozzolanic component in the pozzolan of the additives, which 

reduced the high clay content in the soil, thereby forming a coarser fraction. 

The subsequent increase in VSS when the additives were increased beyond 6% was attributed 

to an increase in the plasticity index and hence greater affinity for water, as such samples with 

a higher proportion of additives had to excrete a greater amount of water during the drying 

process. 

  

a. With -2% OMC           b. With 0% OMC   

  

c. With +2% OMC           d. With +4% OMC 
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Figure 14. Variation volumetric shrinkage strain of soil-bentonite mixtures blend with bagasse 

ash content (BSL compactive effort)  

  

a. With -2% OMC           b. With 0% OMC   

 

  

c. With +2% OMC           d. With +4% OMC 

Figure 15. Variation volumetric shrinkage strain of soil-bentonite mixtures blend with bagasse 

ash content (BSH compactive effort)  

3.6.7 Unconfined Compressive Strength (UCS) 

The stability of liners and covers must be ensured by sufficient shear strength of the structural 

system. In [43] expressed that the strength properties of each landfill liner project must be 

solved and evaluated separately, and they arbitrarily chose at least 200 kN/m2 as an aid for the 

minimum bearing capacity in a landfill, the unconfined compressive strength of compacted 

specimens was determined for the range of water contents at different energy levels assumed 

in this study. 

3.6.8 Effect of Moulding Water Content on Unconfined Compressive Strength  

The variation of the test values of unconfined compressive strength as a function of moulding 

water content with respect to the optimum values are shown in Figures 16a-d and 17a-d. 
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The results obtained for the natural and stabilized soil samples compacted between 2% dry and 

4% wet at optimum moisture content for BSL and BSH compactive energy efforts follow a 

similar trend in all the cases considered. 

It is found that the UCS values are affected when the moulding water content is increased from 

dry to wet stage or side. The UCS reaches its highest values on the moist side of the optimum 

moisture content, particularly at 2% peak moist moisture content for the sample compacted with 

6% bentonite/6% bagasse ash, where a maximum and optimum satisfactory UCS value of more 

than 200 kN/m2 was observed between a moisture water content of 18.3 - 27.0%, with the 

optimum at 24.0% moisture water content for the BSL compactive energy level. Similarly, from 

15.0 - 22.5 %, with the optimum being reached at 20.3 % moisture water content for compaction 

with energy level BSH. 

The increase in UCS values after increasing the moulding water content was due to the presence 

of maximum water in each pozzalan to strengthen the minimum strength, as shown in previous 

studies, while the decrease in UCS value at much higher moulding water content was due to the 

decrease in electrolyte concentration, which causes an increase in diffuse twofold layer 

expansion and spacing between clay particles as well as an increase in spacing between 

alumina-silicate unit layers, leading to a decrease in both internal friction and cohesion [30]. 

  

a. With 0% bentonite           b. With 3% bentonite  
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c. With 6% bentonite          d. With 9% bentonite 

Figure 16. Variation of unconfined compressive strength against moulding water content (BSL 

compactive effort) 

  

a. With 0% bentonite          b. With 3% bentonite 

 

  

c. With 6% bentonite          d. With 9% bentonite 

Figure 17. Variation of unconfined compressive strength against moulding water content (BSH 

compactive effort) 

3.6.9 Effect of Bagasse Ash on Unconfined Compressive Strength of Soil-Bentonite 

Mixtures 

The variation of UCS test values of treated and untreated soil sample compacted between 2% 
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dry and 4% moist of optimum moisture content for BSL and BSH compactive energy level are 

shown in Figures 18a-d and 19a-d respectively. 

It was observed that the UCS test value increases with the increase of both admixtures before 

the value experiences a decrease at much higher admixture. 

It was found that a satisfactory UCS value of ≥ 200 kN/m2 was obtained at 6% bentonite/ 6% 

bagasse ash content for both the assumed compactive energy level. 

The BSL energy level which was optimum moisture content compacted between 2% wet and 

4% dry gave satisfactory value of 207, 240, 344 and 312 kN/m2 at 6% bentonite/6% bagasse 

ash content respectively. Similarly, the BSH energy level when compacted between 2% wet 

and 4% dry optimum moisture content gave a minimum satisfactory value of 234, 288, 415 and 

375 kN/m2 at 6% bentonite/ 6% bagasse ash content. 

The increase in UCS values was due to excessive amount of calcium ions from the added 

materials combining with silica and aluminum or both to form an insoluble calcium silicate or 

aluminate and other pozzolanic materials which basically lead to strength development [18 and 

47]. 

While the resulting decrease in UCS values at much higher admixtures is due to an insufficient 

level of water in the mixture that brings the pozzolanic reaction to completion [18]. 

  

a. With -2% OMC          b. With 0% OMC   
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c. With +2% OMC           d. With +4% OMC 

Figure 18. Variation UCS of soil-bentonite mixtures blend with bagasse ash content (BSL 

compactive effort) 

  

a. With -2% OMC           b. With 0% OMC  

  

c. With +2% OMC           d. With +4% OMC 

Figure 19. Variation UCS of soil-bentonite mixtures blend with bagasse ash content (BSH 

compactive effort)  

3.7 Acceptable Zones: 

Several parameters must be satisfied in the liner and cover design: hydraulic conductivity, shear 

strength, and volumetric shrinkage strain. In [42], a relationship between dry density and 

moulding water content was established to satisfy the three parameters. For hydraulic 

conductivity, the acceptable unit was chosen to be less than or equal to 1×10-9 m/s, volumetric 

shrinkage strain was set to be less than or equal to 4%, and the confined compressive strength 

results were set to be 200 kN/m2 or more, where the compaction level was obtained by using 

the average shrinkage strain test specimens. Finally, after an acceptable range for each of the 

parameters at optimum treatment (6% bentonite / 6% bagasse ash) is determined by 

superimposing the different acceptance ranges of each parameter, an overall acceptance range 

is determined from the different acceptance ranges of each parameter to provide an overall 
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acceptance range that covers all specification requirements of the three individual parameters. 

The acceptable ranges for the BSL and BSH energy levels are shown in Table 4. 

Table 4. Acceptable ranges of moulding water contents for BSL and BSH compactive efforts 

 

Engineering Criteria 

% Admixtures (6% Bentonite/ 6% Bagasse Ash) 

Moulding Water Content 

BSL BSH 

Hydraulic Conductivity (m/s) 13.8-21.0 10.0-17.0 

Unconfined Compressive Strength (kN/m2) 18.3-27.0 15.0-23.5 

Volumetric Shrinkage Strain (%) 18.3-27.0 15.0-23.5 

Overall Acceptable Range 18.3-21.0 15.0-17.0 

3.8 Overall Acceptable Zone:  

In the design of liners and covers in waste emplacement, convergence of the moulding water 

content of three important design parameters must be achieved. Within this range of moulding 

water content, the statutory values of hydraulic conductivity, unconfined compressive strength 

and volumetric strain shrinkage must be met. This results in a satisfactory overall acceptance 

zone of moulding water content and maximum dry density for all design parameters. 

  

a. For hydraulic conductivity           b. For volumetric shrinkage strain 

                 

c. For shear strength                          d. Overall acceptable zone 
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Figure 20. Acceptable zone at (6% bentonite/ 6% bagasse ash contents) (BSL compactive effort) 

  

a. For hydraulic conductivity           b. For volumetric shrinkage strain 

  

c. For shear strength                 d. Overall acceptable zone 

Figure 21. Acceptable zone at (6% bentonite/ 6% bagasse ash contents) (BSH compactive 

effort) 

3.9 Leaching Potential 

3.9.1 Effect of PH 

The variation of pH of soil-bentonite mixtures with BA content is shown in Figure 22a. It was 

observed that the pH of natural soil increased from 5.46 to 8.23 with 6% bentonite / 6% bagasse 

ash mixture. 

The increase in pH with the increase in additive content was a result of the increase in free lime 

in the soil at higher additive treatment, which brought higher alkalinity (i.e. pH) of the treated 

soil [48]. A comparative study was carried out by [49]. 

It was found that pH decreased with much higher additive content (i.e., above 6% bentonite/ 

6% bagasse ash mixture); the decrease was due to the decrease in CEC of soil-bentonite 

mixtures with bagasse ash content. A similar observation was made by [50 and 51].  
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Soil pH is critical to the carrying capacity of contaminants, especially metals and metalloids. 

Low pH is closely related to high dissolved metals and low metal content in soil. High pH is 

related to low dissolved metals and high metal content in soil [52]. Regardless, the pH for the 

peak mixture with 6% bentonite 6% BA is within the acceptable range of 6.5-8.5 for drinking 

water suggested by [53 and 54]. 

 

Figure 22a. Variation of pH of soil-bentonite mixtures with bagasse ash contents 

3.9.2 Cation Exchange Capacity (CEC) 

The variation of CEC of soil-bentonite mixtures with BA content is shown in Figure 22b. It was 

observed that the CEC of natural soil increased from 7.4 cmol/kg to 38 cmol/kg at 6% bentonite 

/6% BA mixture before the value decreased with higher admixture contents. 

The increase in CEC is the result of increasing electrostatic attraction between the negatively 

charged clay particles and increasing cation concentration with increase in admixture content. 

While the subsequent decrease beyond 6% bentonite / 6% BA content is due to the decrease in 

clay content in the soil due to cation exchange reaction [55]. 

Another reason for the decrease in CEC of the soil could also be attributed to the decrease in 

pH of the soil by BA which has higher calcium hydroxide content that provides free Ca2+ needed 

for cation exchange between the clay mineral particles [56]. 
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Figure 22b. Variation of CEC of soil-bentonite mixtures with bagasse ash contents 

3.9.3 Batch Equilibrium 

The desorbed concentration of iron (Fe2+) from the batch equilibrium adsorption test of soil-

bentonite mixtures with bagasse ash contents using Atomic Absorption Spectrophotometry 

(AAS) is shown in Figure 22c. 

The elution pattern observed with higher bagasse ash contents in the soil-bentonite mixture 

represents a significant reduction in the desorption values of Fe2+ into the environment. 

The presence of Fe2O3 in the admixtures (from the chemical composition test) increases the pH, 

which improves the condition leading to the immobilization of the cationic ion [57]. 

While the subsequent increase in desorption values of iron (Fe2+) beyond 6% bentonite / 6% 

bagasse ash content was due to the decrease in pH values, as shown in Figure 22a, the simple 

reason for the change is that a condition was developed for the establishment of attractive 

electrostatic forces that enhance the absorption of the cationic species [58]. 

The desorbed value of 0.002mg/l concentration observed at 6% bentonite /6% BA content of 

the modified soil is within the permissible value of not more than 0.3mg/l, Fe2+ concentration 

for drinking water suggested by [53 and 54]. 

 

Figure 21c. Variation of desorbed iron (Fe2+) concentration of soil- bentonite mixture with 

bagasse ash blend 

3.10 Microstructural Composition 

Microstructural analysis is used to understand the macroscopic behavior and physical properties 

of a soil using a scanning electron microscope (SEM). Material evaluation using SEM includes 

surface roughness, porosity, and particle size distribution. The micrographs of the natural soil 
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sample and the treated soil sample with optimum 6% bentonite / 6% bagasse ash content are 

shown in Plates 2 and 3. 

The natural soil consists mainly of discrete granules combined with sparse aggregates, few fine 

grains and some compounds. The intermediate pores between the discrete and sparse aggregates 

are vivid. However, with the introduction of admixtures, the soil fabric changes to dense 

aggregates with the formation of dense aggregate pores originating from the formation of intra-

aggregate pores, with the inter-aggregate pores becoming less distinct, signaling the decrease 

in pore sizes. Clumped silt grains are also more evident than in the natural soil. 

These morphological changes could be due to the fact that all the design parameters studied 

changed after the natural soil was treated with up to 6% bentonite/6% bagasse ash. Although 

the changes in soil fabric and pore structure are responsible for the observed reduction in soil 

swelling properties, similar studies were also observed by [18 and 47]. 

These improvements can be attributed to the product of cation exchange and pozzolanic 

reaction. 

The improvement due to the product of cation exchange occurs when the more active and higher 

valence cations (i.e. Ca2+) in the additives replace the weakly bonded ions in the clay structure, 

resulting in agglomeration and release of water bonded in the outer layers. A similar behavior 

was reported by [59]. 

The improvement due to pozzolanic reaction was due to the formation of calcium and alumina 

hydrates leading to the formation of dense aggregates (decrease in cohesion), which in turn 

results in changes in mineralogical composition and grain size distribution leading to the 

formation of a rough surface texture. Changes in the amounts of chemical compounds such as 

carbonate, iron oxide, aluminium and silicon that precipitate at the contact between particles 

and act as cementing agents cause the changes in the orientation between particles and in the 

fabric of the soil. A similar behavior was reported by [47]. 
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Figure 22. Micrograph of natural soil at 50 and 20 magnifications (Plate 2) 

 

Figure 23. Micrograph of the optimally modified soil at 50 and 20 magnifications (Plate 3) 

3.11    Conclusion 

From the laboratory tests conducted in this study, a preliminary evaluation of the index and 

geotechnical properties of lateritic soil-bentonite-bagasse ash mixtures for their suitability as 

clay liners in a landfill (waste emplacement) was carried out. 

The following conclusions were drawn: 

1. The lateritic soil used in this study is classified as A-7-6(23) or CH according to the ASSHTO 

classification system or the Unified Soil Classification System USCS. 

There were changes in the index properties of the treated soil samples. 

- The liquid limit, plastic limit, and plasticity index of the natural soil decrease from 51.1 to 

25.8, from 25.7% to 22.8, and from 18.2 to 4.6% at 6% bentonite/ 6% bagasse ash content. 

However, these additive concentration values met the specifications such as liquid limit 

between 25-30% and plasticity index between 10-30%, for waste emplacement (repository). 
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2. The MDD and OMC generally increased and decreased, respectively, with the increase in 

additive content. This shows that the MDD is inversely proportional to the OMC (the higher 

the MDD, the lower the OMC), so the better for construction with wet soil. 

3. The soil samples were compacted at - 2, 0, 2 and 4% of OMC using BSL and BSH compactive 

energy levels. The design parameters, especially hydraulic conductivity, volumetric shrinkage 

strain and USC, showed a significant change in their respective values when the moulding water 

content, compactive efforts and admixture contents were varied. 

Generally, a decrease in hydraulic conductivity was observed with increasing moulding water 

content, compactive efforts and additive content. 

- An acceptable hydraulic conductivity of ≤ 1×10-9 m/s for soil suitability as a clay liner for 

waste emplacement was observed between the range of 13.8-21.0 and 10.0-17.0 at 6% bentonite 

/ 6% bagasse ash content, for BSL and BSH compactive effort, respectively. 

Generally, VSS increases with higher moulding water content and decreases with higher 

compactive effort and higher additive content. 

- An acceptable VSS of ≤ 4% for soil suitability as a clay liner for waste emplacement was 

observed between the range of 18.3-27.0 and 15.0-23.5 at 6% bentonite / 6% bagasse ash 

content for BSL and BSH compactive effort, respectively. 

Generally, UCS increases with higher moulding water content, higher additive content and also 

with higher compactive effort. 

- A permissible UCS of ≥ 200 kN/m2 for suitability of soil as clay liner for waste emplacement 

was observed in the range of 18.3-27.0 and 15.0-23.5 at 6% bentonite / 6% bagasse ash content 

for BSL and BSH compactive effort respectively. 

3.12    Recommendation 

1. The proposed overall acceptance zone, which created a blending of specification standards 

of the three major parameters for liner and cover design, was achieved between the ranges of 

18.3 - 21.0% and 15.0 - 17.0% for moulding water content and 1.4 - 1.69 Mg/m3 and 1.6 - 1.89 

Mg/m3 for dry density at 6% bentonite/ 6% bagasse ash content, for both BSL and BSH 

compactive effort individually. 

2. This is strongly recommended for lateritic soils with high fines content (≥ 50% fines), as 

anything below this is unlikely to provide the required properties for use in an engineered 
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landfill (waste emplacement). 
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A Numerical Analysis of G+15 Storey RCC Building in Seismic 

Zone-IV with and without Bracing System 

Jay Prakash1, Hafiz Ather Tehseen Ahmed 

Abstract 

Even If it is a high-rise structure, a low-rise public building, or a residential building, bracing 

systems in RCC building are a very unusual characteristic in the world.  This characteristic is 

very requirable in RCC building in seismic zone. The bracing system is the most common 

structural system in high storey RC building. In this research paper, the analysis of G+15 

storeyed RC irregular building with and without a bracing system is prepared by finite element-

based software under the response spectrum analysis method. The structure type of suggested 

building is used a special RC moment-resisting frame (SMRF). The structural elements are 

designed by using IS 456: 2000. The mechanical characteristics of concrete and steel are used 

according to IS 456: 2000 and IS 800: 2007, respectively. Seismic forces in both directions are 

considered in the analysis and the bracing are arranged in a specific manner to resist the lateral 

loads. The load combinations are considered in the frame. The G+15 storeyed RC irregular 

building is analysed by choosing of different type of bracing system for determining the 

parameters such as storey drift, storey shear, fundamental time period, and lateral displacement. 

Finite element-based models give the satisfactory results in both directions, and it is very 

suitable from the structural point of view. 

Keywords: Bracing System, Seismic Zone, ETABS, Displacement. 

 

1. Introduction 

There are many decades ago, the people stayed in shelter that protect the people from the rain, 

wind, and sun’s ray. But after that the requirement of people is increased to stay in higher 

because the population is increasing day by day and the area available for per person is less. 

Therefore, due to the lack of area, people needed vertical system in the current days. When 

building’s height increases then all lateral loads act on high rise building. By which, the building 

becomes more and more susceptible. From these, earthquake is one of the most natural disasters 
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which result in an economic loss of property, infrastructure and most importantly loss of human 

lives [1].  

Metro cities are witnessing an immense increase in high rise building due to housing demand, 

increase cost of land, migration towards cities from surrounding villages. Lateral strength and 

stability of the building are necessary to concern for high rise building because of increasing 

height. By increasing height, the building becomes more sensitive to the lateral loads. The 

lateral load is produced high stresses, sway movement or may cause vibration in the building. 

Hence, it is very important for the structure which has significance properties in terms of 

sufficient stiffness and strength against lateral loads [2].  The structure based on steel brace 

system is one of the simple solutions for resisting the lateral loads in high rise building [3]. 

Many studies had been investigated on the non-linear behaviour of reinforced concrete building 

with and without steel bracing system by considering several factors, such as drift, 

displacement, and base shear etc. [3]-[15]. In this research paper, different type of steel bracing 

is providing for suggested building at different locations which resist the seismic loads. 

2. Preparation 

2.1 Plan and 3-D View of The Suggested Building 

The G+15 storey reinforced concrete residential irregular building with and without bracing 

systems were investigated in the current research. The proposed structure is located at 

Dehradun, India. The entire height of high-rise building is 60.85 m (depth of foundation = 1.6 

m, ground floor = 3 m and other floors = 3.75 m). Line, Plan, and 3D view of the proposed 

structure are shown in figure 1, 2 and 3. 
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2.2 Mechanical Characteristics 

The material properties are characterized by Indian specification. Table 1 and 2 signifies the 

mechanical properties of construction materials [17-18]. 

 

 

 

Figure 1. Line diagram of the proposed structure. 

Table 1. Mechanical properties of concrete (M25). 

Table 2. Mechanical properties of reinforcement (Fe500). 

Figure 3. 3-D view for suggested 

building. 

Figure 2. Plan view for suggested   

building. 
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2.3 Loading Considerations 

The permanent and imposed load are considered as gravity load in the design which is given in 

Table 3. The earthquake parameters are given in Table 4 which is defined by IS 1893 (Part 1): 

2002 [19]. 

 

Permanent load Values 

Outer wall load 15 kN/m2 

Inner wall load 7 kN/m2 

Parapet load 2.5 kN/m2 

Slab load, S1 1 kN/m2 

Slab load, S2 1.875 kN/m2 

Slab load, S3 1.875 kN/m2 

Imposed loads for all storeys 3.0 kN/m2 

 

Items Values 

Seismic Zone IV 

Zone Factor, Z 0.24 

Importance Factor, I| 1 

Response Spectrum Factor, R 5 

Function Damping Ratio 0.05 

Soil Category II 

3. Response Spectrum Analysis Method 

In this research paper, the response spectrum method is employed for the assessment of seismic 

parameters of the building. It will be executed by using the design spectrum [19]. Following 

steps are perform for the analysis of any building: 

Table 4. Seismic load details. 

Table 3. Permanent and Imposed load details. 
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Step 1: Compute the seismic weight of the suggested building (𝑊). 

Step 2: Create the mass [𝑀] and stiffness [𝐾] matrices of the suggested building. 

Step 3: Applying mass [𝑀] and stiffness [𝐾] of the second step and by using the principles of 

dynamic, calculate the model frequencies {𝜔} and equivalent mode shapes [𝜑]. 

Step 4: Compute the model mass 𝑀𝑘 of mode 𝑘 using the below relationship with 𝑛 number of 

modes considered in equation 1. 

𝑀𝑘 =  
[∑ 𝑊𝑖𝜙𝑖𝑘

𝑛
𝑖=1 ]

2

𝑔 ∑ 𝑊𝑖𝜙2
𝑖𝑘

𝑛
𝑖=1

           (1) 

Step 5: Compute model participation factor 𝑃𝑘 of mode 𝑘 using the below relationship with 𝑛 

number of modes considered in equation 2. 

𝑃𝑘 =  
∑ 𝑊𝑖𝜙𝑖𝑘

𝑛
𝑖=1

∑ 𝑊𝑖𝜙2
𝑖𝑘

𝑛
𝑖=1

         (2) 

Step 6: Calculate design lateral force (𝑄𝑖𝑘) at each floor in each mode using the equation 3. 

𝑄𝑖𝑘 =  𝐴ℎ(𝑘)𝜙𝑖𝑘𝑃𝑘𝑊𝑖         (3) 

Step 7: Calculate the storey shear forces at each storey in each mode (𝑉𝑖𝑘) which is given by 

equation 4. 

𝑉𝑖𝑘 =  ∑ 𝑄𝑛
𝑖+1 𝑖𝑘

         (4) 

Step 8: Calculate the storey shear forces due to all modes in storey 𝑖 (𝑉𝑖) by applying either 

CQC or SRSS model combination methods. 

Step9: Calculate the design lateral forces at each storey 𝑖 as per calculated by equation 5. 

𝐹𝑖 =  𝑉𝑖 −  𝑉𝑖+1         (5) 

4. Problem Statement 

One model is investigated without bracing system and others are investigated with different 

bracing systems in current study. The configurations of these models of the building are 

separately discussed as follow: 

Model 1 (M1): A building without bracing system. 

Model 2 (M2): A building with V-bracing system. 
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Model 3 (M3): A building with X-bracing system. 

Model 4 (M4): A building with inverted V-bracing system. 

Table 5 represents the details of the structural members used in proposed prototypes that are 

shown in figure 4, 5, 6 and 7. 

 

Structural Members Dimensions 

Beam size 
230 mm x 450 mm 

Column Sizes 
C1 = 300 mm x 600 mm 

C2 = 300 mm x 600 mm 

C3 = 600 mm x 300 mm 

C4 = 300 mm x 450 mm 

C5 = 450 mm x 300 mm 

C6 = 230 mm x 400 mm 

C7 = 450 mm x 450 mm 

C8 = 450 mm x 450 mm 

Bracing Size 300 mm x 300 mm  

Slab thickness 
S1 = 160 mm 

S2 = 125 mm 

S3 = 125 mm 

Shear wall thickness 230 mm 

 

 

Figure 4. A 

building without 

bracing system 

(M1). 

Table 5. The details of structural members. 

Figure 5. A building 

with V-bracing 

system (M2). 

Figure 6. A building 

with X-bracing 

system (M3). 

Figure 7. A building 

with inverted V-

bracing system 

(M4). 
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The proposed 3D models are shown in figure 8, 9 and 10. 

 

 

                                       

 

5. Results and Comments 

5.1 Fundamental Time Period 

Figure 11 compares the time period of the models. It can be concluded that the fundamental 

time period reduces by using of bracing system in RCC frame. All the models with bracing 

have approximately 30 to 35% less time period as compared with model 1.  

 

 Figure 11. Variation of time period for building on levelled 

ground. 

 

Figure 8. A building 

with V-bracing 

system (M2). 

Figure 9. A building 

with X-bracing 

system (M3). 

Figure 10. A 

building with 

inverted V-bracing 

system (M4). 
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5.2 Storey Shear 

The relative result of storey shear values in both directions is shown in figure 12 and 13. 

According to the results, building without bracing system (M1) has the minimum story shear 

and model 4 ensures the greatest story shear value in X and Y-directions. 

  

 

5.3 Storey Drift 

The relative result of storey drift values in both directions is shown in figure 14 and 15. The 

storey drifts value of M1 is 2.12 times more than M2, 2.15 times more than M3 and 2.15 times 

more than M4 in X-direction at storey 4. The storey drifts value of M1 is 1.52 times more than 

M2, 1.52 times more than M3 and 1.62 times more than M4 in Y-direction at storey 4. 

Therefore, the storey drift in Model 4 ensures the least value in X and Y-directions. 

  

 

      

5.4 Lateral Displacement 

The comparative study of lateral displacement values in X and Y-direction for all cases are 

Figure 12. Proportion of storey shear in X-

direction 

Figure 13. Proportion of storey shear in Y-

direction. 

Figure 14. Proportion of storey drift in X-

direction. 

Figure 15. Proportion of storey drift in Y-

direction. 
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shown in figure 16 and 17. The lateral displacement value of M1 is 1.64 times more than M2, 

1.62 times more than M3 and 1.72 times more than M4 in X-direction at RF. The lateral 

displacement value of M1 is 1.29 times more than M2, 1.35 times more than M3 and 1.40 times 

more than M4 in Y-direction at RF. Therefore, Model 4 has the smallest lateral displacement. 

 

 

 

6. Conclusion 

In this research paper, the analysis of G+15 storeyed RC irregular building in seismic zone IV 

with and without bracing system is prepared by ETABS under the response spectrum analysis 

method. By the non-linear analysis of G+15 storeyed irregular building, the following 

conclusions are discussed: 

The effect of bracing system on model 4 is more stable amongst other models. The preference 

of bracing system has the greatest impact in strengthening the building strength. In context, M4 

shows better performance among the other models and can be taken as reference for 

construction in a seismic area. 
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A Comprehensive Overview of Vehicle Ad-Hoc Network, 

Challenges and Trends 

Mahamat Adoum Hissein1 

Abstract 

A vehicular ad-hoc network (VANET) is a subset of the mobile network (MANET) designed 

to improve road safety, traffic efficiency, avoid car accident, overcome high mobility problem.  

Due to the different services the VANET can provide, over the last few year VANETs became 

an important area which interest many researchers. This type of network provides a wide variety 

of services to improve road safety.   

Besides the advantage that the VANET offers, there are a lot of challenges in VANET such as 

providing quality of service, high mobility, cost, reliability, high connectivity and bandwidth 

and security privacy of vehicles and individuals. Moreover, VANETs face several security 

issues. As one of the most important feature in VANET is high mobility, the traditional security 

is not efficient in data dissemination. Many others survey on the topic are already available, but 

none of them discussed the general issues of the vehicular ad-hoc network in details. This paper 

presents an overview of the vehicular ad-hoc network, review the current trend of the vehicular 

ad-hoc network and discusses related issues. We then present in detail the network architecture, 

communications type, connectivity, network high mobility, challenges and security issues, 

current state of art, VANET applications and routing protocols. 

With this article we provide all necessary information to facilitate understanding of the 

vehicular ad-hoc network to the readers. 

Keywords: VANETs, Routing Protocols, Security İssues in VANET, Connectivity, VANET 

Challenges and Trends. 

 

1. Introduction 

Vehicular Ad hoc Networks (VANETs) have been quite a hot research area in the last few years. 

Due to its unique characteristics such as high dynamic topology and predictable mobility, 

 
1 Ege University Department of Computer Engineering. 



7th International Student Symposium 
 

216 

www.internationalstudentsymposium.com/en/ 
 

VANETs attract so much attention from both academic and industry. In this paper, we provide 

an overview of the main aspects of VANETs from a research perspective. This paper starts with 

the basic architecture of networks, then discusses two critical technologies: routing, as well as 

security and privacy, and ends up with the analysis on challenges and future trends of VANETs. 

A vehicle in VANET is considered to be an intelligent mobile node capable of communicating 

with its neighbors and other vehicles in the network. VANET introduces more challenges 

aspects as compare to MANET because of high mobility of nodes and fast topology changes in 

VANET. 

Vehicular ad-hoc networks (VANETs) are a promising communication scenario. Several new 

applications are envisioned, which will improve traffic management and safety. Nevertheless, 

those applications have stringent security requirements, as they affect road traffic safety. There 

are several applications of ad-hoc networks as it is a key factor for evolution of wireless 

communication. Ad-Hoc networks of laptops are used in accident relief, wars and also in some 

conferences. Wireless Ad-HOC networks generally works on the principle of Mobile ad-hoc 

networks, it is a decentralized type of network. We call the network as ad-hoc because it does 

not rely on pre-existing structure that was formed by previous networks, it always forms new 

network for new communications. A perfect example of device that use pre-existing network is 

routers, to access the internet in public place these are used. Ad-hoc wireless networks are very 

much useful for transmission of data, files, etc. but this network does not have access to Wi-Fi 

network. It can also share one computer internet connection to another easily. Well, there are 

also problems related to ad-hoc networks, such as bandwidth problems, control of power and 

data quality during transmission. To solve these problems multiple standardization efforts are 

being made. 
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Figure 1: vehicular ad-hoc network communications 

 

Figure 2: VANET Architecture 
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2. Standard and Regulations 

DSRC envisions two primary types of equipment: an “on-board unit” (OBU) is a DSRC system 

within a vehicle (and hence highly mobile), and a “roadside unit” (RSU) is a DSRC system that 

is used at a fixed point near a road. An RSU could be operated by a governmental agency or a 

private enterprise. Note that some writers use the terms on-board equipment (OBE) and 

roadside equipment (RSE) instead of OBU and RSU. 

 

Figure 3: VANET standard and regulations 

The vehicular adhoc network can provide several benefits, first of all it can avoid the risk of car 

accidents: e.g., cooperative collision warning, pre-crash sensing, lane change, traffic violation 

warning. Secondly, it can optimize flows of vehicles: e.g., enhanced route guidance/navigation, 

traffic light optimal scheduling, lane merging assistance and it can provide the driver with 

information support and entertainment: e.g., point of interest notification, media downloading, 

map download and update, parking access, media streaming, voice over IP, multiplayer gaming, 

web browsing, social networking. [1] 

3. VANET Application 

The concept of VANET when deployed in real world scenarios provide numerous advantageous 

applications. Safety applications require reliable, low-latency, and efficient message 

dissemination. 
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Non-safety applications have very different communication requirements, from no special real-

time requirements of traveler information support applications, to guaranteed Quality-of-

Service needs of multimedia and interactive entertainment applications. 

Non-safety Applications: Traffic congestion avoidance, Internet access, Toll service, tourist 

information, distributed parking lot search, Digital bus stop. [2] 

4. Challenges and Security İssues 

Security in vehicular networks poses different security threats and also has different 

requirements. In the following we discuss challenges of data security in VANET from a holistic 

point of view. 

Risk potential, Cost, Financial assets, New business models, Usability, Mobility, Privacy, 

Reliability, Market penetration, Legislation. 

Usability In the PC world, many users have gotten used to installing security software and 

configuring it to a certain degree. However, a vehicle driver expects not to deal with any 

electronic issues, and certainly not with a security configuration. [7] 

5. Communication Architecture in VANET 

Communication types in VANETs can be categorized into four types. The category is closely 

related to VANETs components as described above. Fig. 3 describes the key functions of each 

communication type. In-Vehicle Communication, which is more and more necessary and 

important in VANETs research, refers to the in-vehicle domain. In-vehicle communication 

system can detect a vehicle’s performance and especially a driver’s fatigue and drowsiness, 

which is critical for driver and public safety.  

Vehicle-to-Vehicle (V2V) Communication can provide a data exchange platform for the drivers 

to share information and warning messages, so as to expand driver assistance. Vehicle-to-Road 

Infrastructure (V2I) Communication is another useful research field in VANETs. V2I 

communication enables real-time traffic/weather updates for the driver and provides 

environmental sensing and monitoring.Vehicle-to-Broadband Cloud (V2B) Communication 

means that vehicles may communicate via wireless broad band mechanisms such as 3G/4G. As 

the broad band cloud may include more traffic information, monitoring data, as well as 

infotainment, this type of communication will be useful for active driver assistance and vehicle 

tracking. [5] 



7th International Student Symposium 
 

220 

www.internationalstudentsymposium.com/en/ 
 

6. Routing in VANET 

One of the major challenges in the design of vehicular ad-hoc network is the development of a 

dynamic routing protocol that can help disseminate the information from one node (vehicle) to 

another. In VANETs, wireless communication has been a critical technology to support 

the achievement of many applications and services. However, due to the characteristics of 

VANETs such as high dynamic topology and intermittent connectivity, these existing routing 

algorithms in MANETs are not available for most application scenarios in VANETs. Thus 

researchers spare no effort to improve existing algorithms as well as design new ones, so that 

the communication reliability can be ensured. Depending on the number of senders and 

receivers involved, routing approaches can be divided into three types: geocast/broadcast, 

multicast, and unicast approaches. [4] 

● Geocast/broadcast: With the requirement of distributing messages to unknown/unspecified 

destinations, the geocast/broadcast protocols are necessary in VANETs. 

● Multicast: Multicast is necessary to communications among a group of vehicles in some 

vehicular situations, such as intersections, road blocks, high traffic density, accidents and 

dangerous road surface conditions.  

● Unicast: Researchers investigate the unicast communication protocols for VANETs in three 

ways. 

7. Challenges and Future Trends 

Based on the previous discussion of VANETs, we can see that VANETs is a fantastic self-

organizing network for the future intelligent transportation system (ITS). Although researchers 

have achieved much great progress on VANETs study, there are still some challenges that need 

to be overcome and some issues that need to be further investigated, e.g., communication, 

security, applications, stimulation, verification, and services, etc. Routing Protocols. Although 

researchers have been presented many effective routing protocols and algorithms, but the 

critical challenge is to design good routing protocols for VANETs communication with high 

mobility of vehicles and high dynamic topology. 

● Data administration and storage: Any number of vehicles and other mobile as well as stationary 

devices can participate in a VANET. Thus, researchers may do more work about standards. [2] 

● Connectivity. The management and control of Network connections among vehicles and 

between vehicles and network infrastructure is the most important issue. 
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● Mobility. Mobility that is the norm for vehicular networks makes the topology change quickly.  

● Security and Privacy in a real scenario but also to discover previously unknown and critical 

system properties. 

8. Conclusion 

In this paper, we first introduce the vehicular networks architecture, including 

network components, communication types and routing, challenge and trends of the vanet. 

Then we discuss two critical technologies in VANETs research issues: routing, as 

well as security and privacy. Finally, we provide an analysis on VANETs research 

challenges and future trends. 

This paper introduces the vehicular ad  hoc networks from the research perspective, 

covers basic architecture, critical technologies of VANETs, and provides 

a comprehensive reference on vehicular Ad Hoc networks. 
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Van-der Waals 2- Dimensional Nanostructured Molybdenum and 

Tungsten Disulfide-Si Heterostructure Photodetector under 

Different Environment Stimuli for High Yield Optoelectronics  

Mohamed A. Basyooni1 2 4, Yasin Ramazan Eker3 4, Mucahit Yilmaz2 

Abstract 

Two-Dimensional Transition Metal Dichalcogenide (2DTMDC) semiconductors represent a 

new class of interfacing semiconductors with superior optical and optoelectronic properties. 

The current experiments of integrating 2D TMDCs into nano-electronic devices such as MoS2 

and WS2 still have challenges like low carrier mobility and low photoluminescence (PL) 

efficiency, limiting their further applications in optoelectronics. We report a novel approach for 

scaling up Molybdenum Disulfide (MoS2) and Tungsten Disulfide (WS2) by combining 

chemical and physical vapor deposition techniques.  MoS2 and WS2 nano-optical photodetector 

and optoelectronic sensors were fabricated by depositing molybdenum and tungsten oxide 

layers using a PVD technique on silicon substrates followed by a sulphurization process in the 

CVD chamber. The observed layer thickness was from 1-3 nm in thickness with strong 

photoluminescent and absorption peaks. The structural, topography, optical, and electrical 

characterizations of the prepared optical sensors are carried out by FESEM, AFM, optical 

microscopy, XPS, and source meter. Under Different Environment Stimuli of gases such as N2, 

CO2, O2, and Air, the photocurrent was taken by digital source meter device for data 

acquisition. The difference between peak positions of E1
2g and A1

g in the presence and absence 

of external gas effects are changeable based on the gas adsorption/desorption kinetics. We 

found that the presence of O2 on the surface of WS2 and MoS2 enhances the optical sensor 

sensitivity and optoelectronic performance. Under UV illumination, WS2 film shows a fast 

response and recovery time than MoS2 of 5.02 and 9.05 sec at one sccm O2 environment. This 
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3 Necmettin Erbakan University Faculty of Engineering and Architecture Department of Metallurgy and Material 

Engineering. 
4 Necmettin Erbakan University Science and Technology Research and Application Center (BITAM). 
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result shows a strong spin-orbit splitting in A-exciton, B-exciton, and trion peaks under the gas 

environment for ultrafast optoelectronic applications.  

Keywords: Two-Dimensional Materials, MoS2, WS2, Transition-Metal Dichalcogenides 

(TMD), Thin Films. 

 

1. Introduction 

2-dimensional transition metal dichalcogenide (TMD), a family of inorganic two-dimensional 

layered materials with the chemical formula MX2, where M is a transition metal (usually Mo, 

W) and X is a group VI element (S, Se, Te), is attracting an increasing interest due to its exotic 

physical properties such as non-zero bandgap and layer-dependent second-order optical 

nonlinearity. MX2 is the chemical formula for the TMD family, where M is the metal atom (M 

= Mo, W, Ti, V, Ta, Hf, Pt) and X is the chalcogen atom (X = S, Se, Te). After MoS2, WS2 is 

the most investigated material in the TMD family, with a bandgap of at least 2 eV in monolayer 

form [1]. Furthermore, when compared to MoS2, properties like high thermal stability and wide 

operating temperature range[2], tunable bandgap (1.4–2.1 eV) depending on layer structure [3], 

wide UV-Vis absorption band [4], and tunable photoluminescence (PL) effect [5] make WS2 

more appealing for electrical, optical, and optoelectronic applications[6], [7]. 

Chemical vapor deposition (CVD) is the most widely used synthesis process for producing 

MoS2. MoO3 and sulfur powders are employed in this process, which is carried out through a 

two- or three-zone quartz tube with inert gases. The substrate can be maintained to grow MoS2 

in the downstream gas flow  [8]–[10]. However, because 2D MoS2 is generated as dependent, 

non-homogeneous, microscopic flakes in micro- or nano-dimensions, this growth approach has 

several limitations, limiting its use in large-scale optoelectronic systems. "Top-down" 

processes, such as exfoliation approaches, have been utilized to create 2D sheets of graphene, 

MoS2, and other materials.  This method including different forms such as micromechanical 

exfoliation[11], sonication-assisted liquid-exfoliation[12]–[14], shear exfoliation[15], [16] and 

chemical exfoliation [17], [18]. Micromechanical exfoliation has several drawbacks, including 

low quality, small-scale production, a significant number of flaws, and a size range of tens of 

microns [19]. Another disadvantage is that exfoliated MoS2 must be transferred to a new 

substrate, complicating scaling up and large-scale production[20]. However, for the next 

generation of optoelectronics and quantum computers, the production of wafer-scale, 
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homogeneous 2D materials such as MoS2 has increased in recent years. The atomic layer 

deposition (ALD) method [20], [21], pulsed laser deposition (PLD) [22], [23], thermal 

evaporation[24], [25] and magnetron sputtering techniques [26]–[28] are the most used of these 

technologies. Magnetron sputtering is widely used in large-scale commercial manufacturing 

because of its low cost and ease of control. 

2. Materials and Methods 

2.1. Preparation of MoS2 and WS2 

MoS2 and WS2 layer preparation on a p-type silicon substrate, Physical vapor deposition 

(PVD), was used to prepare, which included a radio frequency magnetron sputtering system 

followed by a chemical vapor deposition (CDV) process. Si substrates were cleaned in a series 

of stages, starting with a 5-minute soak in an NH4OH-H2O2 solution diluted with de-ionized 

(DI) water at 75 °C, followed by a 5-minute rinse with DI water. After that, they have immersed 

for 5 seconds in HF (percentage 5) solution, washed in DI water, and dried with high purity N2. 

The cleaned Si-substrates were immediately transferred to a 3107 Torr RF magnetron sputtering 

setup. An in-situ Ar-plasma source was ignited for 10 minutes at a power of 100 W and a low 

pressure of 6103 Torr at room temperature to activate the Si surface. Tungsten with a pure 

molybdenum target with Ar plasma as a carrier gas and O2 as a reactive gas. Before the 

deposition process, the substrate temperature was controlled at 400 °C for more than 30 

minutes, with increments of 100 °C/30 minutes. The O2 and Ar flow rates were kept constant, 

but the O2/(Ar+O2) ratio was reduced to 14. Sputtering times of the 30s were used to deposit 

at 5103 Torr and 137 W. The system was allowed to cool to ambient temperature naturally 

before being transported to the two-zone CVD quartz chamber for the sulphurization procedure. 

The temperature of the as-deposited Mo-O and W-O thin films is elevated to 650 -750°C in the 

core of the CVD furnace. A ceramic boot with a 100sccm Ar source is filled with 0.5 g of sulfur 

powder. The sulfur was evaporated for 22-25 minutes using an external heating belt at a distance 

of 50 cm from the substrate. Then, the system cooled down till it reached RT at the same Ar 

flow rate (100 sccm). Aluminum and gold-palladium were deposited as back and front contacts, 

respectively, using a high vacuum thermal evaporation method. 

2.2 Characterization techniques 

The crystal structures were studied using Grazing Incidence X-ray diffraction) with a step of 

0.01 and a CuK (=1.54) radiation source. Field emission scanning electron microscopy 
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(FESEM) was used to record the surface morphology. The surface topography was investigated 

using atomic force microscopy (AFM). Confocal Raman microscopy was used to take some 

optical images. Electrical and optoelectronic measurements were taken with a 2450 Kethley 

Source-meter for electrical measurements and a 365 nm ultraviolet (UV) light lamp for 

optoelectronic measurements. High purity gases of O2, CO2, and N2 are used. X-ray 

photoelectron spectroscopy (XPS) measurements were carried out on the Thermo Scientific K-

alpha XPS system using Al Kα source and spot size of 400 µm. 

3. Results and Discussions 

3.1 Surface Topography and Morphology  

Optical microscopy is used to imaging the surface of the prepared MoS2 and WS2, as in Fig. 

1. We see that the WS2 shows high homogeneity than MoS2. MoS2 shows bigger grain sizes 

than WS2. We think that the particle sizes of WS2 are smaller than the MoS2, as seen in Fig. 

1. 

 

 

 

 

 

 

Figure . 1 shows the optical microscopy image of MoS2 and WS2 films 

The surface topography is investigated by using AFM. The calculated roughness of MoS2 and 

WS2 are 10.688 and 3.283, respectively. We see that higher surface roughness is observed for 

MoS2 as confirmed by the optical microscopy analysis.  

 

 

 

 

  

MoS2 WS2 

  

WS2 MoS
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Figure. 2 shows the AFM results of MoS2 and WS2 

Large-scale MoS2 thin films have been studied in our previous work by combining CVD and 

sputtering techniques [29]. FE-SEM images show a homogenous nanoparticle distribution as 

in Fig. 3. The nanoparticles are in the range of few nanometers.  

 

 

 

 

 

 

 

Figure. 3 shows the FE-SEM of both MoS2 and WS2 

3.2 XPS and Oxidation States 

XPS analyses investigated the element chemical state of WS2 and MoS2. The binding energies 

of S 2p, Mo 3d, C 1s, and O 1s are shown by the characteristic peaks at 161 eV, 230 eV, 285 

eV, and 532 eV, respectively [30] as in Fig. 4. The W 4d3/2 spin-orbital splitting photoelectrons 

in the WS2 nanostructures are responsible for the W peak at 283.0 eV[31]. 

 

 

 

 

 

 

 

Figure. 4 shows the broad spectrum XPS film distributions of both MoS2 and WS2 

  

WS2 MoS2 
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3.3 Electric and Optoelectronic Properties 

The I-V electrical properties of both MoS2 and WS2 are tested under air conditions in dark and 

UV illuminations are recorded. Fig. 5 shows the IV of MoS2 in dark and UV conditions of 365 

nm. We see a clear difference with high photocurrent under UV light. The back and front 

contacts of Al and Pd-Au, respectively, in this work used a vertical electron transfer and, as a 

result, vertical conductivity measurements [32], rather than the ones reported in [33] (a 

horizontal conductivity). Despite this, investigations of vertical electron transmission (electrical 

and optoelectronic) indicate a high density of active edge sites  [32]. The currently optimized 

heterojunction photodetector does not include a high resistance layer like SiO2 as previously 

described [33], which increased the vertical conductivity of the optimal structure here. 

 

 

 

 

 

 

 

 

Figure. 5 shows the optoelectronic characterization under UV light illumination of MoS2  

So, under dark conditions, a non-linear I-V curve was observed, showing that an excellent 

double-Schottky contact behavior was generated between the Au-Pd electrode and film 

surfaces, as predicted before [34] . A back contact of Al was used to improve signal collection. 

With p-Si, Al metal forms an Ohmic contact type, which can also be seen when probed on two 

contact pads on the same side; however noble metals such as Ag, Au, etc. make Schottky 

contact with p-Si. As previously documented for different applications such as gas sensors [34] 

and photodetector [35], the role of asymmetric metal contacts can provide a built-in potential 

gradient assigned to the work function difference of asymmetric electrodes, resulting in 

improved device performance as stated here. Casolina et al., for example, adopted an 

asymmetric Al-Si-Cu (metal-semiconductor-metal) based Si photodetector structure [36]. 
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We found similar behavior for WS2 on Si substrate as in Fig. 6. However, the photoresponse 

of WS2 is higher than MoS2, so that we will measure the photoresponse of WS2 under a gas 

environment. Both WS2 and MoS2 show fast response time and recovery time under air 

conditions of room temperature. WS2 shows a faster response time than MoS2 film, as in Fig. 

6.  

 

 

 

 

 

 

 

Figure. 6 shows the optoelectronic characterization under UV light illumination of WS2 

We found that WS2 is more sensitive to environmental gases such as CO2, O2, and N2 than 

MoS2 film under the same conditions. So we decided to measure these factors for WS2, and 

depicted in Fig. 7. Under different gases conditions, we found that high photocurrent is 

observed under the O2 environment for WS2. The effect of O2 is reducing gas towards WS2, 

decreasing the film's resistance, and increasing the current, as in Fig. 7. Under UV illumination, 

WS2 film shows a fast response and recovery time than MoS2 of 5.02 and 9.05 sec at one sccm 

O2 environment. At one sccm O2, the WS2 film has a faster response and recovery time than 

MoS2 under UV irradiation, with 5.02 and 9.05 sec, respectively. 
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Figure. 7 shows the optoelectronic characterization under UV light illumination of WS2 under 

different environment gas Stimuli of Air, CO2, O2, and N2. 

4. Conclusion 

Transition metal oxide is a fascinating class of materials that could form interfaces and add 

functionality to future technology. The benefits of both types of materials are combined when 

2D-layered materials are used to build heterojunctions with silicon. It makes the fabrication 

process easier by being entirely compatible with standard integrated circuit fabrication 

methods. WS2 thin film of few nanometer thicknesses shows a high response detector under 

different gases such as O2, CO2, and N2.  We found a higher response in the O2 gas 

environment.  
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Solar Chimney Power Plant Performance and Feasibility Study 

in Turkey 

Mohammad Hassan Hashemi1, Numan Sabit Çetin2, Fırat Salmanoglu2 

Abstract 

A solar chimney power plant, which is expected to provide electric power for different regions 

of Turkey, has been analyzed in this paper. Seven different regions of Turkey were selected 

from different parts of the country. These cities are Izmir, Antalya, Gaziantep, Kayseri, Ankara, 

Trabzon and Bursa and feasibility of constructing a solar chimney power plant was analyzed 

for each city individually. Obtained results showed that the generated power, by this system, 

depends on the solar radiation, the ambient temperature, the height of the tower and the surface 

of the collector. The efficiency of the collector and the turbine has a significant role in the 

improvement of the system performances.  

Keywords: Solar Chimney, Solar Tower, Electricity Production, Feasibility Study. 

 

Introduction  

Energy is undoubtedly one of the main driving forces in the progress of civilization, and the 

need for energy is constantly increasing in parallel with the advancement of civilization. 

However, world energy production (transformation) technologies are largely dependent on 

fossil-based energy resources. These resources have disadvantages such as limited reserves, 

especially greenhouse gas emissions, and many polluting effects on the environment when they 

are used. Due to these negativities, countries have turned to renewable energy sources in 

meeting their energy demand. Renewable energy sources, solar, wind, wave, geothermal, 

hydrogen, biomass energy, etc. It consists of sustainable resources that can renew themselves 

continuously. Undoubtedly, solar energy takes the biggest place in this resource with its great 

potential. Solar energy conversion technologies; It can be classified as thermal and photovoltaic 

(PV) systems. Besides, thermal systems can be classified as low temperature, medium-
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temperature, and high-temperature systems. Accordingly, it is possible to classify thermal 

systems as systems that generate process heat energy, systems that generate electrical energy, 

and hybrid systems. Heat-electricity production with solar towers can be given as examples of 

high-temperature systems, heat-electricity generation with solar fields (with cylindrical 

parabolic collectors) medium temperature application systems, and solar chimneys for low-

temperature application systems. 

Solar chimney idea was first put forward by German researcher Hanns Günther in 1931. Later, 

the concept solar chimney was designed by Prof. Dr. Jörg Schlaich, in the late 1970s [2]. Solar 

chimney power plant are built in hot areas to provide the greatest intensity in the solar radiation. 

The air of system is heated by sun under the influence of the greenhouse, and thus a difference 

in temperature is created between ambient temperature and temperature within the chimney. As 

hot air is lighter than cold air, it rises up the chimney tower. At last, the air flow out the tower 

through the chimney exit. The turbine (or turbines) set at the path of airflow converts the kinetic 

energy of air into electricity [1]. 

In the following years, many researchers around the world started to examine the solar chimney 

system. Pasumarthi and Sherif examined the performance characteristics of solar chimneys both 

theoretically and experimentally in 1998. In 2000, Gannon performed solar chimney cycle 

analysis considering system losses and collector performance [3]. Ghorbani et al present an 

improved concept design with the aim of increasing the thermal efficiency of the Rankine cycle 

of a typical steam power plant by coupling a solar chimney and a dry cooling tower in [4]. Zuo 

et al constructed a small-scale experimental device for solar chimneys combined with sea water 

desalination. The results of their experiment show that the integrated system can achieve a 

multi- targeted production such as power and freshwater, synchronously. The main period of 

the distilled water output is when the solar irradiance is absent; while the minimum output 

occurs during a time of strong radiance [5]. In an experimental system using electrode layouts, 

it has been observed that performance is increased 28% due to the electro hydro dynamic system 

used [6]. Hussain H. et al, in the present paper have investigated the impact of the inlet shape 

of the solar collector on the solar chimney performance experimentally and numerically [7]. 

Bouabidi et al, have studied on the effect of the chimney conformation on the solar chimney 

power plant performance. They focused on studying the solar chimney power plants with: 

standard, divergent, convergent and opposing chimney. The results show that the chimney form 

affects the air velocity behavior [8]. Feasibility studies [9], demonstrated that SCPP investment 
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cost, capacity of the plant and chimney height are significant in assessing the project viability. 

Mathematical modeling and numerical simulation of solar chimneys using the geometric 

parameters of Manzanares were performed by some researchers [10]. Sangi et al conducted two 

diverse numerical simulations to evaluate the effectiveness of the model [11]. 

1. Modelling and Analysis of the SCPP 

A typical solar chimney power plant consists of a solar hot air collector, a solar chimney and a 

turbine with generator. As is shown in Fig. 1. Air is heated by solar radiation under a low 

circular transparent cover open at the periphery; this and the natural ground below it form a hot 

air collector. In the middle of the cover is a vertical chimney with large air inlets at its base. 

The joint between the cover and the chimney base is airtight. As hot air is lighter than cold air 

it rises up the chimney. Suction from the chimney then draws in more hot air from the collector, 

and cold air enters from the outer perimeter. Thus solar radiation causes a constant up-draught 

in the chimney. The energy that the hot air contains is converted into mechanical energy by 

pressure- staged wind turbines at the base of the chimney, and into electrical energy 

conventional generators [12]. Many factors, such as the materials used to make the solar 

chimney, solar chimney height, solar collector materials, and the soil or rock contents under the 

solar collector, may influence the performance of the solar chimney plant. Also important for 

power generation is the wind turbine and the controlling system of the plant [12]. 

 

Schematic of a solar chimney power plant, adapted from [10]. 

The following equations are the main part of the simulation program that are used to do 

the design calculations:  
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Air velocity (m/s) 

𝑣 = √2𝑔𝐻𝑐ℎ
(𝑇ℎ−𝑇𝑎)

𝑇ℎ
                                                                                                                               (1)                                            

Physical properties of air are the same: 

 Density of air (ρ), kg/m3 

𝜌 =  1.1614 –  0.00353(𝑇𝑎)                                                                                                               (2) 

Specific heat capacity ( ), kJ/(kg K) 

𝐶𝑝 = [1.007 + 0.00004(𝑇𝑎)] × 103                                                                                                 (3) 

Mass flow rate of air    (kg/s) 

�̇� = 𝜌𝐴𝑐𝑜𝑙𝑙𝑉                                                                                                                          (4) 

1.1.Solar Collector 

It is the section where hot air is produced by creating a greenhouse effect. It can be covered 

with glass or plastic film. Its height varies around 2 or 6 meters. The height of the collector 

increases as it moves towards the base of the chimney. In this way, the friction force of the 

moving air is minimized. At the same time, more heat absorption is provided by the black 

pebbles laid on the collector floor. In addition, water channels were laid on the ground. In this 

way, the system can work efficiently at night by using the feature of warming and cooling the 

water later. There is no limit for the area where the collector will be installed. The larger this 

area, the more energy obtained. 

�̇� = �̇�𝐶𝑝𝛥𝑇 = (𝜏𝛼)𝐴𝑐𝑜𝑙𝑙 − 𝛽𝛥𝑇𝑎𝐴𝑐𝑜𝑙𝑙 = 휂𝑐𝑜𝑙𝑙𝐴𝑐𝑜𝑙𝑙𝐺                                                                   (5) 

휂𝑐𝑜𝑙𝑙 =
�̇�𝐶𝑝𝛥𝑇

𝐴𝑜𝑙𝑙𝐺
                                                                                                                                       (6) 

Where, �̇� denotes the mass flow rate of hot air passing through the solar chimney 

1.2.Solar Chimney 

The chimney as the real engine of the system. The chimney creates a flow of air in the form of 

wind, It is necessary that the height of the chimney is higher, to access a level of low pressure 

compared to the level of the base. So the air pressure at the outlet of the chimney is lower than 

the inlet, which increases the rate of vertical elevation of the hot air in the chimney [13]. 
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휂𝑐ℎ =
𝑔𝐻𝑐ℎ

𝐶𝑝𝑇𝑎
                                                                                                                                              (7) 

1.3.Turbine 

The turbines are always placed at the base of the chimney where the air flow velocity is higher, 

to transform the maximum of kinetic energy into mechanical energy. The generator driven by 

the turbine transforms mechanical energy into electrical energy [13]. Efficiency of turbine can 

be treated as a constant in this work with a value of 0.8. 

1.4.Electric Power Output 

Schlaich [1] recommended that the maximum mechanical power taken up by the turbine is 

 𝑃𝑤𝑡,𝑚𝑎𝑥 =
2

3
휂𝑐𝑜𝑙𝑙

𝑔

𝐶𝑝𝑇𝑎
𝐻𝑐ℎ𝐴𝑐𝑜𝑙𝑙𝐺                                                                                                         (8) 

If 𝑃𝑤𝑡,𝑚𝑎𝑥 is multiplied by 휂𝑡 which contains both blade transmission and generator efficiency, 

this produces the electrical power from the solar chimney to the grid, 

𝑃𝑒𝑙𝑒𝑐 =
2

3
휂𝑡휂𝑐𝑜𝑙𝑙

𝑔

𝐶𝑝𝑇𝑎
𝐻𝑐ℎ𝐴𝑐𝑜𝑙𝑙𝐺                                                                                                      (9)   

2. Solar Chimney Power Plant (SCPP) in Turkey  

In this study, 7 regions have been selected for feasibility study of constructing a SCPP. Average 

monthly solar radiation of these regions is presented in Table I and average temperature of these 

regions is presented in figure 2. 

City Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec. 

Izmir 594 625 722 839 873 912 993 1008 952 808 699 583 

Antalya 643 701 798 868 869 934 973 1009 985 838 755 664 

Gaziantep 510 583 740 797 859 942 976 991 972 827 715 586 

Kayseri 458 577 737 829 848 906 987 1022 979 822 688 535 

Ankara 384 475 610 726 763 825 923 942 895 718 644 477 

Trabzon 309 448 452 578 632 660 647 640 654 632 448 357 
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Bursa 401 467 538 671 760 838 943 958 790 638 567 432 

Table 1. Monthly Solar Radiation (w/m2) 

 

average temperature (℃) 

The solar irradiation map of Turkey is given in figure 3 and as it can be observed, selected 

regions have been chosen from different locations of country. Southeastern Anatolia and 

Mediterranean regions are favorable places for solar energy. Utilization of solar energy should 

be encouraged in these regions. These regions are nearly in same latitude with southern parts 

of Spain. Turkey is already using solar power widely for water heating. Hence people already 

familiar to solar power. This advantage should be used to encourage solar PV and CSP systems 

[15]. 

 

The solar irradiation map of Turkey [14] 
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3. Results and Discussion 

Some parameters, which will be used in analyzing the system performance, are as follows:  

Chimney height: 200 m 

Chimney diameter: 10 m  

Collector diameter: 250 m 

Efficiency of the turbine (ηt): 0.8 

Figure 4 shows the effect of the collector diameter and the chimney height on chimney power 

productivity. It is found that power productivity increases with the increase of solar irradiance 

and the ambient temperature. The solar radiation, however, is in a dominant position to affect 

the power generation in the solar chimney, in comparison to the ambient temperature [16]. 

 

Effect of solar chimney height and diameter of collector on power generation [16]. 

Figure 5 shows the yearly power output from the reference SCPP at various locations of Turkey 

which conditions are presented in Table II. As expected, the power output profile is uniform 

and proportional with solar radiation profile. Among the considered regions, Bam, Kayseri and 

Antalya have higher power generation per year. Results show that SCPP can produce 190 

kw/month in Kayseri and up to 110 kw/month in Trabzon. One of the disadvantages of SCPP 

is the low energy conversion efficiency.  Most of the absorbed solar energy by the SCPP exit 

from the chimney out let. 
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Average Monthly Power Output 

4. Discussion 

The work presented in this study is related to the performances analysis of a solar chimney 

power plant. For this purpose, a theoretical model was developed to describe the process of the 

solar chimney. The model is employed in simulation to predict the electrical power produced 

by the solar chimney plant using the typical dimensions of Manzanares Solar chimney and the 

meteorological data of selected regions. Obtained results showed that the generated power, by 

this system, depends on the solar radiation, the ambient temperature, the height of the tower 

and the surface of the collector. The efficiency of the collector and the turbine has a significant 

role in the improvement of the system performances. For a given climatic conditions, the power 

produced increases with the increase of tower height and the collector surface. This production 

is more influenced by the solar radiation than by ambient temperature. 

Nomenclature 

v Inlet air velocity of solar chimney, m/s 

g Acceleration of gravity, 𝑚/𝑠2 

𝐻𝑐ℎ 
Solar chimney height, m 

𝑇ℎ 
Temperature inside the chimney °C 

𝑇𝑎 
Ambient temperature, °C 

𝜌 
Air density, 𝑘𝑔/𝑚3 
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𝐶𝑝 
Specific heat of air, kJ/kg.°C 

�̇� 
Mass flow rate of air, kg/s 

𝜏𝛼 
Effective product of transmittance and absorbance 

𝛽 
Heat loss coefficient, W/m2.K 

𝐴𝑐𝑜𝑙𝑙 Solar collector area, 𝑚2 

휂𝑐𝑜𝑙𝑙 Solar collector efficiency 

휂𝑐ℎ 
Solar chimney efficiency 

휂𝑡 
Turbine efficiency 

𝑃𝑤𝑡,𝑚𝑎𝑥 
Maximum mechanical power taken up by the turbine kw 

G Solar irradiance, W/m2 

�̇� Heat gain of air in the collector, kW 
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Thermogravimetric and Kinetic Analysis of Dereköy Lignite 

Under CO2 Atmosphere 

Mujeeb Babatunde Adetayo1, Furkan Kartal1, Uğur Ozveren1,2 

Abstract   

Derekoey is a low calorific Turkish lignite. In general, the gasification process is one of the 

most efficient thermolysis processes for energy recovery from Turkish lignite. In addition to 

energy recovery, the process contributes to carbon emission reduction, especially in CO2 

utilization. Therefore, the thermogravimetric properties of Derekoey CO2 gasification were 

investigated based on its thermal behavior, energy content and reactivity. The test was carried 

out on different sample particle sizes below 20 K/min with a flow rate of 45 ml/min. The 

obtained TGA data were analyzed using the Doyle modeling approach to determine the kinetic 

parameters and validated with additional 5 and 10 K/min test runs using the model-free methods 

of Friedman and Osawa Flynn Wall (OFW). The result gives three stages of weight loss, namely 

drying, pyrolysis and gasification. The pyrolysis and gasification stages showed a positive 

correlation with the volatile matter and solid carbon content as contained in the raw coal. Based 

on the model fitting method, the kinetic analysis revealed a homogeneous second order 

controlled behavior in the pyrolysis phase with the Ea and A values of 85.011 kJ/mol and 

255.8525 s-1, respectively. For the gasification phase, the Avrami 1 model was assumed to be 

rate controlling with Ea and A values of 155.6227 kJ/mol and 423.0491s-1, respectively. 

Keywords: Derekoy, Thermogravimetric Analysis, CO2 Gasification, Kinetic Modelling, 

Kinetic Parameters. 

 

1. Introduction 

With the increasing demand for energy due to population growth, one option for meeting future 

energy needs is to use a variety of energy sources, including fossil fuels and renewable energy 

[1]. Coal is a highly consumed, abundant and low-cost fossil fuel that can meet this global 

 
1 Marmara University Department of Chemical Engineering. 
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energy demand [2]. In the last decade, the role of coal as an energy resource of the future has 

gained renewed interest due to its proven stability of supply and cost, and is therefore likely to 

continue to occupy an important position in the energy mix for the foreseeable future [1]. 

However, the high carbon-to-hydrogen ratio causes high CO2 emissions and makes coal 

utilization a major problem. This is because, in order to meet the emissions requirements of 

international organizations and global emissions regulatory bodies such as IPCC, any energy 

production pathway must be such that carbon emissions fall sharply as the world seeks to 

transition to a lower carbon energy system that is compatible with meeting climate change 

targets [1]. Low emission conversion technologies that enable coal to be used in the most 

sustainable way therefore include gasification, and without these technologies it will be very 

difficult to meet the emissions targets that have been set. Coal is generally composed of 

inorganic and organic constituents from which low carbon syngas is produced during 

gasification [3]. For optimal energy recovery in the form of syngas, the gasification behavior 

and kinetics of lignite Derekoey are investigated in this paper in contrast to the common and 

inefficient combustion processes that lead to high emissions. 

Table 1: Energy sources and share in the 2019 primary energy consumption [2] (BP Statistical 

Review, 2020). 

Energy source Consumption (Exajoules) Share of primary energy 

Oil 193.0 33.1% 

Gas 141.5 24.2% 

Coal 157.9 27.0% 

Renewables* 29.0 5.0% 

Hydro 37.6 6.4% 

Nuclear 24.9 4.3% 

Total 583.9  

 

Gasification is the reaction of solid fuels with a gasification agent supplied in a non-

stoichiometric amount at high temperatures and in a reducing environment, where the gas ratio 

is controlled [3]. For coal, the reaction occurs in two stages: pyrolysis which includes 

devolatilization and coal char formation, and char reaction. Devolatilization is followed by 

gasification for low heating rate, while both pyrolysis and char formation may occur 

simultaneously in case of high heating rate [3].  Yield from gasification is a gaseous product 

suitable for use as an energy source, raw material (syngas) to produce chemicals [4], or a 
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combination of these. While common gasifying agents include a mixture of steam and air or 

oxygen [4], another gasifying agent in use occurs through a process called the Boudouard 

reaction [5]. The Boudouard reaction utilizes CO2 and therefore gives an additional benefit of 

sustainable utilization of the greenhouse gas. Ordinarily, the reaction is highly endothermic and 

favors the reverse side at ambient temperature. However, temperatures above 700oC in which 

the reaction occurs allow an efficient transformation of the highly thermodynamically stable 

CO2 by overcoming the strong thrive of its reversibility [6]. 

Coal gasification performance depends on several factors which includes gasifier configuration, 

coal type (organic and inorganic composition), coal rank, reactivity etc. The effect of coal rank 

has been investigated by several researchers, among whom is Seeker et al. [7] and McLean et 

al. [8] who conducted pyrolysis and combustion studies of both bituminous and lignite coals. 

According to McLean et al. [8], burning lignite appears similar to bituminous coal in emission, 

but shadowgraphic and micrographic observations indicate that a condensed phase is not 

formed during devolatilization. Seeker et al. [7] also pointed out that devolatilization processes 

are dependent upon coal type and particle size. Ye et al. [9] in his work explained the effect of 

different ranks of coals as it relates with reactivity. He pointed out that there is no general trend 

for the effect of coal rank on the reactivity but generally, low-rank coals have high reactivities 

while high-rank coals have low reactivities. The same was observed by Beamish et al. [10] who 

investigated 18 different coal chars and found out that low rank coal chars are more reactive 

than those from the high-ranked coal. Cakal et al. [11] also gravimetrically experimented on 

four different lignite samples under the CO2 stream at two temperatures of 875oC and 1000oC. 

He observed that at 875oC, the variation of reactivity with conversion profiles for all lignite 

samples has similar trends; first increasing at different rates for each coal, then decreasing with 

a further increase in the conversion. At 1000oC however, different reactivity was observed for 

the samples. Many other studies were based on coal pyrolysis using different apparatus and 

heating rates as stated in literature [12, 13]. The pyrolysis process was reported to be dependent 

on many factors such as coal rank, particle size, pressure, heating rate, peak temperature and 

residence time [14]. 

Moreover, most of the TG based works in the field of coal study were said to have been related 

to the kinetics and effects of pressure on coal conversion [15, 16]. Solomon et al. [16] discussed 

the progress in kinetics of coal, stating that the heterogeneous nature and complexity of the 

pyrolysis process have made it very difficult to perform unambiguous experiments to determine 
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the rates and mechanisms in coal pyrolysis. According to him, the greatest hindrance to progress 

in the area of pyrolysis kinetics has been the enormous variation in reported rate constants 

describing overall weight loss or tar evolution. There are many very complex decomposition 

and transept mechanisms during coal gasification, most of which occurs in the early pyrolysis 

phase. According to Gavalas et al. [15], pyrolysis is comprised of 14 chemical reaction groups 

as well as 50 or more reactions. A single first order reaction model was proposed by Badzioch 

and Hawksley [15] but said to be inadequate for the complex process due to the its simplicity 

[15]. The two-competitive-reaction model of Kobayashi et al. [17] and the infinite series model 

of parallel first-order reactions of Anthony [18] are often cited and considered to describe the 

pyrolysis process precisely. 

In this work, the CO2 gasification behavior of lignite Derekoy was studied under non-isothermal 

thermogravimetric analysis (TGA). The obtained TGA data was analyzed using the Doyle 

modelling approach to determine the kinetic parameters, and with additional 5 and 10K/min 

test runs, validated using Friedman and Osawa Flynn Wall (OFW) model free methods. The 

result obtained is expected to provide insight into the thermal behavior and kinetics of the coal 

sample and others with similar composition, as well as reveal the effectiveness of CO2 as 

gasification agent. 

2. Materials And Method 

2.1 Coal Characterization  

Table 1 shows the ultimate and proximate analysis of the coal sample. While the proximate 

analysis was experimentally determined, the ultimate analysis was calculated using correlations 

as obtained from literatures [19]. According to the table, the coal is characterized by low 

moisture and high ash content. Also, the coal being a low ranked, unlike other coals is 

characterized by low fixed carbon and high volatiles. Generally, high  moisture and ash content 

represents a reduction in calorific value and fixed carbon content [20]. Thus, the low moisture 

and ash content are good characteristics and highly favorable for energy production.  From the 

table, H/C and O/C ratio of the coal is obtained as 0.111 and 0.7112 respectively. A high H/C 

and O/C ratio is an indicator of low degree of the aromaticity and presence of more oxygen-

containing functional groups in the biomass respectively [21]. 

C=0.635FC +0.46VM-0.095A [22]        (1) 
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H=0.059FC +0.06VM+ 0.01A [19]        (2) 

O=0.34FC+0.469VM-0.023A [19]        (3) 

Table 2: The ultimate and proximate analysis of the coal sample. 

Proximate analysis (%) Ultimate analysis (%) 

Moisture 5.65 C 45.0458 

Volatile 34.04 H 5.002 

Fixed carbon 48.10 O 32.0389 

Ash 12.17   

2.2 Thermogravimetric Data  

The thermal analysis is a powerful tool for evaluation of fuel properties and is directly related 

to thermal stability [23]. The shape of the TG curve depends on the composition of the sample 

and can be used for evaluation of some fuel properties such as heating value, volatile matter, 

and elemental composition [20]. Table 2 shows the experimental conditions used for the 

experiment. The thermogravimetric analyses were performed in the “Netzsch 409 PC Luxx” 

contemporaneous thermogravimetric apparatus at the Energy Laboratory of the Chemical 

Engineering Department, Marmara University. The coal sample was a crushed and sieved 

material of homogeneous particles below 250microns. About 10 mg sample was placed in a 

Al2O3 crucible attached to the furnace chamber of the equipment and monitored for weight 

stabilization through the control system. Thereafter, heat was supplied from an initial 

temperature of 250C to 12000C under CO2 atmospheres at 20K/min. For blank correction and 

smoothing of the raw data, the same experiment was performed using empty crucibles for both 

atmospheres. Blank correction is necessary to correct the buoyancy effect that occurs in TG 

experiments especially those involving small sized samples [24]. The TGA provides a basis for 

deep understanding of the chemical reactions, as well as the heat and mass transfer mechanisms 

which is important in modelling and optimized process design [25, 26]. 

Table 3: Experimental conditions. 

EXPERIMENTAL CONDITION 

Atmosphere CO2 Heating rate (K/min) 20 

Initial T (oC) 25 Sample weight (mg) 10 (+-0.5) 
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Final T (oC) 1200 Gas flow rate (ml/min) 45  

 

2.3 Gasification Characteristic Indices 

Knowledge of coal reactivity is important because it gives the information about the ease at 

which the material reacts or get converted. Certain indices can be used to quantify the reactivity 

of materials during pyrolysis or char gasification stage. They include the reactivity index R and 

the gasification characteristic index S, the latter being more comprehensive and detailed than 

the former. This is because R is only related to the time needed to reach a carbon conversion of 

0.5, which refers to the difficulty of char gasification reaction while S mainly focuses on the 

reaction rate and temperature range, implying that more factors is being taken into consideration 

[21]. The gasification characteristic index S is adopted in this study as shown in equation (4). 

𝑆 =
  (

𝑑𝑥

𝑑𝑡
)

𝑚𝑎𝑥
∗  (

𝑑𝑥

𝑑𝑡
)

𝑚𝑒𝑎𝑛

𝑇𝑖
2∗𝑇𝑓

              (4) 

x is the reactant conversion and is given as:    
𝑚𝑖−𝑚𝑎

𝑚𝑖−𝑚𝑓
    

where mi, mf and ma represent the sample mass at the initial temperature (Ti), the sample mass 

at the final temperature (Tf), and the sample mass at any given temperature from Ti to Tf 

respectively. 

t is the time, while (dx/dt)max and (dx/dt)mean represent the maximum and mean value of the 

reaction rate during the reaction process respectively.  

2.4 Kinetic Modelling  

To determine the kinetic parameters in a solid-state reaction, the model fitting and model free 

methods are commonly used [27]. While the model fitting method corresponds to modelling 

the reaction rate using a known f(x) and assuming a constant partial pressure, the model-free 

method is peculiar to non-isothermal experiments. For the present work, both methods were 

applied. The processes were dynamically modelled using the Coats-Redfern model fitting 

method and validated using the model free methods of Ozawa Flynn Wall (OFW) and 

Friedman. The model fitting approach estimates the kinetic parameters for various sections of 

the process, producing a straight line from where the activation energy (Ea) and pre-exponential 
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factor (A) can be estimated. Since the kinetic behavior of a given heterogeneous reaction system 

may change during the process, it is possible that the complete reaction mechanism cannot be 

represented suitably by a single specific kinetic model [28]. For this reason, the complete 

process was splitted into phases based on the conversion peaks (see Figure 1), examined and 

modelled individually. 

At reaction time t=0, the reactant to product ratio is given as 1:0. At any time ti, the 

concentration and conversion are given as f(x) and x respectively; where f(x) depends on the 

adopted model and x is as given in Section 2.3 above. 

Generally, rate of product formation is proportional to the concentration of reactant and is 

written as:   
𝑑𝑥

𝑑𝑡
𝛼 𝑓(𝑥) ;  

therefore:  
𝑑𝑥

𝑑𝑡
= 𝑘(𝑇)𝑓(𝑥)           (5) 

Where 𝑘(𝑇) is the reaction constant and is given as:  𝑘(𝑇) =  𝐴 𝑒𝑥𝑝 𝑒𝑥𝑝 (−
𝐸𝑎

𝑅𝑇
)  

A, Ea, R and T represent the pre-exponential factor (1/min), Activation energy (kJ/mol), gas 

constant (8.314J/kmol) and Temperature (K) respectively.  

On substituting, we have: 
𝑑𝑥

𝑑𝑡
= 𝐴 𝑓(𝑥) 𝑒𝑥𝑝 𝑒𝑥𝑝 (−

𝐸𝑎

𝑅𝑇
)        (6) 

Using the relation: 
𝑑𝑥

𝑑𝑡
=

𝑑𝑥

𝑑𝑇
∗  

𝑑𝑇

𝑑𝑡
 

Given that heating rate  𝐵 =
𝑑𝑇

𝑑𝑡
;    𝑡ℎ𝑒𝑛    

𝑑𝑥

𝑑𝑡
=

𝑑𝑥

𝑑𝑇
∗ 𝐵,   and   

𝑑𝑥

𝑑𝑇
=

1

𝐵

𝑑𝑥

𝑑𝑡
     

Therefore: 
𝑑𝑥

𝑑𝑇
=

𝐴

𝐵
 𝑓(𝑥) 𝑒𝑥𝑝 𝑒𝑥𝑝 (−

𝐸𝑎

𝑅𝑇
)          (7) 

𝑑𝑥

𝑓(𝑥)
=

𝐴

𝐵
 𝑒𝑥𝑝 𝑒𝑥𝑝 (−

𝐸𝑎

𝑅𝑇
) 𝑑𝑇           (8) 

Equation 8 represents the basic formular non-isothermal processes, and from which different 

model equations can be derived. Integrating at initial condition x=0 and T= T0  with slight 

manipulations [29], 
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𝑔(𝑥) = ∫
𝑥

0

𝑑𝑥

𝑓(𝑥)
=

𝐴𝑅𝑇2

𝐵𝐸𝑎
(1 −

2𝑅𝑇

𝐸𝑎
) 𝑒𝑥𝑝 𝑒𝑥𝑝 (−

𝐸𝑎

𝑅𝑇
)        (9) 

With: 
2𝑅𝑇

𝐸𝑎
= 0, (1 −

2𝑅𝑇

𝐸𝑎
) = 1;  equation 9 becomes: 

𝑔(𝑥) =
𝐴𝑅𝑇2

𝐵𝐸𝑎
𝑒𝑥𝑝 𝑒𝑥𝑝 (−

𝐸𝑎

𝑅𝑇
)          (10) 

𝑔(𝑥)

𝑇2
 =

𝐴𝑅

𝐵𝐸𝑎
𝑒𝑥𝑝 𝑒𝑥𝑝 (−

𝐸𝑎

𝑅𝑇
)          (11) 

Taking the natural logarithm of both sides of equation 11 gives the Coats-Redfern equation as:  

𝑙𝑛
𝑔(𝑥)

𝑇2
 = 𝑙𝑛

𝐴𝑅

𝐵𝐸𝑎
−

𝐸𝑎

𝑅𝑇
           (12) 

Using this CR method, the heating rates were modelled individually for each of the pyrolysis 

and gasification sections to generate the kinetic parameters. 

The model free equations are derivable from equation 6 and 7. 

Taking the natural logarithm of both sides of equation 7 gives the Friedman equation as [30]: 

𝑙𝑛
𝑑𝑥

𝑑𝑡
=𝑙𝑛 𝑙𝑛 [𝐵 (

𝑑𝑥

𝑑𝑇
)]  =𝑙𝑛 𝑙𝑛 [𝐴𝑓(𝑥)]  −

𝐸𝑎

𝑅𝑇
       (13) 

Subjecting equation 6 to an initial condition of x=0, T= T0, and using Doyle’s approximation 

gives [29]: 

𝐵 =
𝐴𝐸

𝑅𝑔(𝑥)
𝑒𝑥𝑝 𝑒𝑥𝑝 (−

𝐸𝑎

𝑅𝑇
)           (14) 

 Taking the natural logarithm of both sides of equation 14 gives the Flynn Wall Ozawa (FWO) 

equation as: 

𝑙𝑛𝐵 =𝑙𝑛 𝑙𝑛 (
𝐴𝐸

𝑅𝑔(𝑥)
) −

𝐸𝑎

𝑅𝑇
          (15) 

Table 4: Coats-Redfern models [30]. 

Symbol Reaction Mechanism g(x) 

Fn 
1st order (Mampel) -ln(1-x) 

Reaction order (n=0, 1, 2, 3, 4, 5) [(1-x)(1-n)-1]/(n-1) 
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D1 1D transport-plane x2 

D2 2D transport x+(1-x)ln(1-x) 

D3A 3D transport-spherical (Jander) (1-(1-x)1/3)2 

D3B 3D transport (Anti-Jander) [(1+x)1/3-1]2 

C1 2D, shrinking cylinder 1-(1-x)1/2 

C2 3D, contraction of sphere 1-(1-x)1/3 

P1 Power law x1/2 

P2 Power law x1/3 

An Avrami–Erofeev (n=1, 2, 3) [-ln(1-x)]1/n 

3. Result and Discussions  

3.1 Thermogravimetric analysis (TGA) 

The thermal experimental results were analyzed using a combination of the TG and DTG 

curves. This helped to distinguish the various sections, as well as easily identify distinct or 

overlapping events or reactions [23]. Table 5 shows the mass losses at different temperatures 

under the 20K/min heating rate while Figure 2 shows how the values were obtained from the 

variation of the percentage conversion and differential mass loss (i.e., TG and DTG curves). 

From the table, the points of apparent mass changes can be observed at temperatures of about 

173, 309, 727 and 1160OC. Based on this, three different phases which includes moisture 

evaporation, pyrolysis and gasification were identified as shown in Figure 1. The process before 

1730C (of about 5.57% mass loss) is majorly moisture evaporation, after which a transition 

phase of negligible weight loss follows up to 3090C. After moisture evaporation, pyrolysis is 

the next step in most coal conversion processes, such as combustion, gasification and 

liquefaction, and has a significant influence on the subsequent stages. Accurate descriptions of 

coal pyrolysis are helpful in the effective utilization of coal and important in the development 

of new pollution control strategies [15]. The first essential mass loss occurs in the pyrolysis 

phase which ranges from 3090C to 7270C with 29.23% mass loss, majorly composed of volatile 

matter decomposition. The phase begins with a sharp decline up to 4500C after which the mass 

loss gradient declines. The pyrolysis phase is characterized by the volatile matter decomposition 

which may be attributed to the loss of a small amount of pyrolysis water as a result of the 

decomposition of the phenolic structures, the carbonyl groups or the peroxy radicals [16]. Just 

as pyrolysis is characterized by volatile matter degradation, gasification is characterized by 

solid carbon degradation. Therefore, a high solid carbon content corresponds to a higher weight 

loss in the gasification section and vice versa. According to Table 5, the boudouard 
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(gasification) reaction took place between 727oC and 1160oC with a mass loss of about 55.37%, 

almost doubling that of the pyrolysis process. The gasification reaction is due to the CO2 being 

very reactive with carbon in the presence of alkali metals [31]. 

 

Figure 1: Weight loss phases. 

 

Figure 2: TG and DTG curves for 20K/min under CO2 atmosphere. 

Table 5: Mass changes with temperature. 

HEATING RATE (K/min) Temperature range (OC) Mass changes (%) 

 25 -173 5.57 
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20 

173-309 8.01 

309-727 (Pyrolysis) 29.23 

727-1160 (Gasification) 55.37 

1160-1200 0.15 

RESIDUAL MASS (%) 7.28 

3.1.1 Gasification Reactivity 

Highly reactive coals provide high carbon conversion at moderate gasifier temperatures, 

thereby improving overall system efficiency. Therefore, reactivity of coal chars under 

gasification conditions is a major determinant of the gasifier size and design. Char reactivity 

has a significant influence on the degree of char recycle and on the volume of oxidant required 

for the gasifier [4]. Here, the index S which uses the reaction rate and temperature range to 

determine the reactivity of a material [3] was adopted for the calculation. Table 6 shows the 

reactivity index of the coal for both pyrolysis and gasification reaction under the CO2 

atmosphere. The table shows a higher pyrolysis phase reactivity of 2.04E-09 compared with 

4.45E-10 of the gasification process. According to [32], coal pyrolysis results in the opening of 

some of the sample dead pores, with the enlargement of existing pores. Tar deposition and 

decomposition could however limit access to these pores especially during the onset of the 

gasification process leading to reactivity decline. Çepelioğullar et al.’s work [32] which 

involved several texture characterization techniques stated that lignite samples under study 

possess micropores of molecular dimensions. SAXS and carbon dioxide adsorption data of the 

work indicated that some of these pores are closed, and some are open to larger mesopores and 

macropores with restricted passages. In the initial stages of gasification, disorganized carbon 

from tars is removed resulting opening of inaccessible porosity and then an increase in all sizes 

of pores which enhance reactivity until up to a certain conversion. With further increase in 

conversion the most active sites decrease leading a loss in active surface area and consequently 

reactivity decreases [11]. 

 

Table 6: Gasification characteristics 

HEATING RATE 

(K/min) 

PY GS 

 



7th International Student Symposium 
 

256 

www.internationalstudentsymposium.com/en/ 
 

 (
𝑑𝑥

𝑑𝑡
)

𝑚𝑎𝑥
 

(%/min) 

 (
𝑑𝑥

𝑑𝑡
)

𝑚𝑒𝑎𝑛
 

(%/min) 

Spy 
 (

𝑑𝑥

𝑑𝑡
)

𝑚𝑎𝑥
 

(%/min) 

 (
𝑑𝑥

𝑑𝑡
)

𝑚𝑒𝑎𝑛
 

(%/min) 

Sgs 

20 -0.4979 

 

-1.3912 

 

2.04E-09 

 

-0.2498 -2.5523 4.45E-10 

3.2 Kinetic modelling and analysis 

3.2.1. Model Fitting Analysis 

In order to determine the kinetic parameters, the modelling was carried out using different 

Coats-Redfern models as listed in Table 4. Generally, solid-state kinetic models are based on 

superposition of several proposed elementary reactions and processes [33]. These reaction 

mechanisms include nucleation, geometric shape, diffusion, and reaction order, each of which 

may become rate-limiting depending on the experimental conditions [28]. With reference to 

Table 4 and 7, the reaction order ranges from F0 to F5, the diffusion models from D1 to D3B, the 

geometric shape model include C1 and C2 with the remaining falling under the nucleation 

model. While the overall rate of homogeneous (reaction order) models are independent of 

particle size of samples, the reaction rate of models whose derivations are functions of the radius 

of the sample (e.g. the shrinking-core and diffusion models) depend on particle size and varies 

depending on different assumptions [34]. 

The first step in our kinetic analysis will involve the CR model parameters generation for all 

the models listed in Table 4, and based on availability, followed by model elimination using 

reported literature ranges. For example, the pyrolysis phase is characterized by a wide and non-

generic range of kinetic parameters, causing such approach to be ignored for the phase. For 

gasification however, a wide span of apparent activation energies published for coal chars 

gasification is 79 kJ/mol [35] -359.5 [36] kJ/mol. Based on this, a very conservative activation 

energy range of 50 to 400kJ/mol was assumed for the gasification phase. Except for a few, most 

of the models had their values within this range according to Table 7. 

Table 7: CR model parameters. 

 PYROLYSIS GASIFICATION 
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 Reaction Models Ea 

(kJ/mol) 

A (s-1) R2 Ea 

(kJ/mol) 

A (s-1) R2 

0th order 38.4886 0.021026 0.668484 116.7871 4.429275 0.917303 

1st order 55.8922 0.796676 0.858437 155.6227 423.0491 0.966697 

2nd order 85.01102 255.8525 0.946703 224.0121 1055677 0.891379 

3rd order 121.9685 317816.5 0.927465 310.0149 1.7E+10 0.788045 

4th order 162.5651 7.16E+08 0.896566 403.3376 5.72E+14 0.722244 

5th order 204.9934 2.15E+12 0.873493 500.396 2.76E+19 0.68214 

Diffusion 1 89.63026 48.74391 0.737682 253.455 1618007 0.93009 

Diffusion 2 98.1453 134.9945 0.781415 272.0672 6829206 0.947598 

Diffusion 3 (JANDERS) 110.3488 330.938 0.837348 299.0978 32584713 0.964677 

Diffusion 4 (ANTI-

JANDERS) 

82.74332 1.268889 0.70659 237.3207 27146.7 0.914544 

2D shrinking cylinder 45.83319 0.050171 0.763772 132.8971 14.93317 0.950854 

3d contraction sphere 48.84788 0.062666 0.796601 139.6085 21.87309 0.95921 

power law 2 12.91777 0.000224 0.462169 48.45312 4.48E-03 0.880393 

power law 3 4.394163 2.41E-05 0.174794 25.67514 3.19E-04 0.817587 

avrami 1 55.8922 0.796676 0.858437 155.6227 423.0491 0.966697 

avrami 2 21.61957 0.001912 0.773595 67.87096 0.053118 0.956668 

avrami 3 10.19536 0.000166 0.616986 38.62037 0.001996 0.941336 

Thereafter, the dependence of reaction rate on particle size was investigated by plotting the coal 

conversion (x) against time (t) for the varying particle sizes as shown in Figure 3. The coal 

conversion (x) against temperature was also plotted as shown in Figure 4. The experimented 

particle sizes are PS1 <= 80microns and PS2 <= 250 microns. According to Figure 3 and 4, the 

pyrolysis phase (309-727oC) follows a single trend (homogeneous based process), while the 

gasification phase (727-1160oC) revealed particle size dependence with each of the plots 

characterized by a distinct reaction rate trend (non-homogeneous based process). The whole 

process can therefore be described by more than one model which goes in line with [28] who 

stated that “the kinetic behavior of a given heterogeneous reaction system may change during 

the process and it is possible that the complete reaction mechanism cannot be represented 

suitably by a single specific kinetic model” [28]. The figures show that a single step can be 

assumed for both the pyrolysis and secondary phases. 
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(a) 

 

(b) 

Figure 3: Effect of particle size on the reaction rate, (a.) conversion (x) against time (min) (b.) 

conversion (x) against temperature (C) (PS1 <= 80microns, PS2 <= 250 microns). 

Having established the homogeneity of the pyrolysis phase, the model was selected based on 

the R2 value of the homogeneous (nth order) models. Thus, according to Table 7, the second 

order model with the highest R2 value of 0.9467 was assumed as rate controlling. The Ea and 

A values are given as 85.0110kJol/mol and 255.8525E6s-1 respectively, and the equation 16 

describes the process. 
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𝑘(𝑇) =  255.8525 𝑒𝑥𝑝 𝑒𝑥𝑝 (−
85.0110

𝑅𝑇
)        

 (16) 

For the gasification phases, we employ the method of [34] which uses a log-log plot of the 

reaction time, t, versus 1- (I-X)1/3  [34, 37] as shown in Figure 4.  

For shrinking core model, t/t* = 1- (I-X)1/3 

log t = log (1-(I-X)1/3) + log t*        (17) 

For ash layer diffusion controlled, t/t* = (1- (I-X)1/3)2 

log t = log (1- (I-X)1/3)2 + log t* 

log t = 2log (1- (I-X)1/3) + log t*        (18) 

where t is the reaction time, X the carbon conversion fraction and t* the time for complete 

conversion. 

Thus, when a plot of log t against log (1-(I-X)1/3) is made, a slope of 1 and 2 indicates the 

chemical reaction and ash layer diffusion rate controlling respectively. According to Figure 4, 

the obtained plot gave a slope of 0.58 which falls outside both the chemical reaction and ash 

layer diffusion rate controlling models. This shows that neither the shrinking core nor the 

diffusion model is rate controlling. Having earlier established the non-homogeneity of the 

process, we are left with the nucleation models of which the Avrami 1 has the highest R2 value 

of 0.9667. Thus, according to Table 7, the corresponding values of 155.6227kJ/mol and 

423.0491s-1 were selected for Ea and A respectively and equation 19 describes the process. The 

same slope-based modelling approach was used by [38] who experimented on coal and wood 

materials and obtained a slope of 1 (chemical reaction controlled) and 2 (ash layer diffusion 

controlled) respectively for both materials. 

𝑘(𝑇) =  423.0491 𝑒𝑥𝑝 𝑒𝑥𝑝 (−
155.6227

𝑅𝑇
)        

 (19) 
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Figure 4: Geometrical and diffusion model slope test. 

3.2.2. Model Free Analysis  

One of the critical questions to be answered in TGA-based kinetic analysis is the number of 

reaction steps taking place, in other words, the type of reaction mechanisms as well as which 

rate determining. However, it is remarkably challenging to determine the reaction mechanism 

for a complex thermochemical process like pyrolysis. Model-free approaches assume the 

kinetic mechanism as Arrhenius parameters that constantly change as conversion/temperature 

progresses. Although this approach offers a rapid and simple solution, it is inevitable to derive 

erroneous results in processes where different components degrade at the same time, that is, 

when overlapping is observed. This is evident in the outrageous result obtained for the modelled 

pyrolysis process as shown in Table 8. As mentioned in the introduction, there are many very 

complex decomposition and transept mechanisms during coal pyrolysis process, making it 

susceptible to erroneous result, especially with the isoconversional method which are known to 

be oversensitive to the noisy data and would produce critical errors in the Arrhenius parameters, 

especially at higher fractions of conversion where major deviations occur [39]. The 

applicability of the model free method according to Moukhina [40] is only limited to very low 

or very high heating rates because the different reactions can be separated in these procedures. 

For the gasification process, the average Ea and A values were respectively calculated as 

218.83kJ/mol and 6.5587s-1 for Friedman as well as 248.30kJ/mol and 7.9588s-1 for the FWO 

methods at chosen fractions of α (0.2 ≤ α ≤ 0.9) as depicted in Table 8. These values compared 

with the model fitting values obtained shows a wide difference and could probably be due to 
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the difference in approaches or erroneous calculation as a result of the complexity of the process 

as earlier stated. 

Table 8: Model free kinetic parameters for pyrolysis and gasification. 

A

r

g

o

n 

A

t

m

o

s

p

h

e

r

e 

α 

Pyrolysis Gasification 

Friedman FWO Friedman FWO 

Ea 

(kJ/mol) 

log 

(A/s-1) 

Ea 

(kJ/mol) 

log 

(A/s-1) 

Ea 

(kJ/mol) 

log 

(A/s-1) 

Ea 

(kJ/mol) 

log 

(A/s-1) 

0.2 312.78 21.12 302.25 20.83 306.68 10.56 356.61 13.18 

0.3 344.91 22.98 326.75 22.21 188.98 5.22 283.25 9.60 

0.4 406.35 26.84 373.18 25.14 196.70 5.55 241.07 7.61 

0.5 468.43 30.38 431.78 28.69 205.73 5.93 229.22 7.04 

0.6 702.38 45.19 618.67 40.64 206.08 5.97 222.47 6.72 

0.7 1017.52 63.61 946.3 60.37 211.3 6.21 219.34 6.57 

0.8 1161.79 68.85 1134.65 68.69 214.03 6.35 218.11 6.51 

0.9 - - - - 221.12 6.68 216.29 6.44 

Avg.      218.83 6.5587 248.30 7.9588 

 

4. Conclusion and Recommendation 

The CO2 pyrolysis and gasification which constituted the weight loss process and kinetics of 

the lignite Derekoy was investigated under non-isothermal thermogravimetric experiment. The 

pyrolysis and gasification phases gave good correlation with the volatile matter and fixed 

carbon content as contained in the raw coal. The pyrolysis phase also has a higher reactivity 

value of 2.04E-09 compared with the gasification phase having 4.45E-10. Thus, in the absence 

of knowledge about sample compositions, the weight loss analysis and reactivity can serve as 

a means of prediction as well as comparing coal samples. With the model free method, the 

particle size-based kinetic analysis shows that the pyrolysis and gasification phases are 

homogeneously and non-homogeneously controlled respectively. While the second order 

model best describe the pyrolysis phase with the Ea and A values of 85.011kJ/mol and 255.8525 

s-1 respectively, the gasification phase follows the Avrami 1 model with Ea and A values of 

155.6227kJ/mol and 423.0491s-1 respectively. Moreover, the model free pyrolysis process gave 

outrageous values for the Ea and A, most likely due to the complexity of the phase. Compared 
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with the model fitting, the model free method also gave a wide difference in the Ea and A values 

for the gasification phase. This could probably be due to the difference in approaches of both 

methods or erroneous calculation as a result of the complexity of the process. 
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Karşılaştırmalı Trafik Atama Teknikleri ile Ulaşım Şebeke 

Performans Analizi  

Obaidullah Khpalwak1 

Özet 

Trafik Ataması, Ulaşım modellerinin son ve dördüncü adımıdır. Trafik atama her sürücünün 

veya kullanıcının başlangıç-varış için en kısa seyahat süresi veya mesafesini sahip olan yolu 

kullanmak istediği bir ulaşım şebekesinde trafik atama veya dağıtma işlemidir. 

Yapılacak olan bu çalışma ile farklı trafik atama teknikleri ve metodları kullanılarak, test ulaşım 

şebekesi örnek olay incelemesi üzerinden, karşılaştırmalı seyahat süresi şebeke güvenilirlik 

performans analizi yapılacaktır. En kısa yol algoritmaları da kullanılarak yapılacak 

çalışmalarda, kent şebekesine ait kapasite sorunu yaşayacak linkler ve güzergâhlar belirlenerek, 

iyileştirmelere dönük gerekli uygulama önerilerinde bulunulabilecektir. 

Anahtar Kelimeler: Trafik Ataması, Ulaşım Şebekeleri, En Kısa Yol Algoritmaları, Talep ve 

Güvenilirlik Analizleri. 

 

Trafik Atamasına Giriş (T.A) 

Verilen değişken trafik talep miktarının belirtilen ulaşım sistemine, şebekesine tahsis edilmesi 

işlemi genellikle trafik ataması olarak adlandırılır. Trafik Atama sürecinin temel amacı, ilgili 

ulaşım şebekesi için dikkate alınan yolculuk matrisi seyahat talebine bağlı olarak şebekede 

bulunan linkler üzerinde oluşacak trafik akım değerlerinin belirlenerek, gözlenecek olan taşıt 

hareketlerinin yapısının ortaya konulmasıdır [1].  

Trafik Atama Modelleri (Types of Traffic Assignment Models)  

Trafik atama matematiksel modelleri 5 türü ayrılmıştır.  

1: Ya hep Ya hiç Algoritması  (All-or-nothing assignment) 

2: Artırımlı Trafık Atama  (Incremental Trafık Assignment) 

 

1 Sakarya Üniversitesi Ulaştırma İnşaat Mühendisliği Ana Bilim Dalı. 
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3:  Kapasite Sınırlayıcı atama Algoritması (capacity restraint assignment) 

4: Kullanıcı Dengeli Atama Algoritması (equilibrium assignment) 

5: Sistem Optimum Atama Algoritması (system optimum assignment )(SO)  

 Ya Hep Ya Hiç Algoritması (All-or-Nothing Assignment) 

Bu yöntemde, herhangi bir başlangıç noktasından bir varış noktasına yapılacak yolculuklar, 

mevcut alternatif güzergâhlardan minimum maliyete sahip olan güzergâha yüklenir. Ayrıca, 

link seyahat sürelerinin trafik akım değerlerinden de bağımsız olarak gerçekleştiği kabulü söz 

konusudur. Aynı veya neredeyse benzer seyahat maliyetine sahip başka güzergâhlar şebekede 

mevcut olsa bile, her bir B-V çifti arasında sadece bir güzergâha tüm atama yapıldığı için bu 

algoritma gerçekçi sonuçlar üretmeyebilecektir [2].  

Artırımlı Trafik Ataması (İteratif Atama Algoritması - Incremental Traffic Assignment) 

Artırımlı trafik atama, trafik hacimlerinin kısmi adımlarla atandığı bir prosedürel süreç içerir.  

Her adımda, toplam talebin sabit veya değişken bir oranı şebekeye atanır. Her iterasyondan 

sonra, link seyahat süreleri link hacimlerine göre yeniden hesaplanarak, tüm talebin şebekeye 

atanması ile denge trafik akımları elde edilmiş olur.  

 

                                     
4

0 (1 0.15( ) )
V

t t
C

 = +                                                     (1) 

Burada; 

                                  

t = Güncellenmiş seyahat süresini 

to= Serbest akım seyahat süresini 

V= Trafik akım değerini 

C= Link kapasitesi`ni 

Kullanıcı Denge Trafik Ataması (UE)  

J. G. Wardrop, bir ulaşım şebekesinde bulunan trafik akış dağılımına dair ilkelerini açıkladığı 

bir makale yayınladı.[11] Wardrop makalesini temelde iki ilkeye dayandırmaktadır: tüm 

yolcuların kendi seyahat maliyetlerini en aza indirdiği varsayımına dayanan kullanıcı dengesi 

ilkesi, sistemsel kullanıma dair maliyetlerin optimize edildiği, yani ulaşım sistemindeki toplam 

seyahat süresinin en aza indirildiği, sistem optimum yaklaşımı.  Bu iki temel varsayıma bağlı 

olarak belirlenen güzergâhlar ve trafik akım miktarları farklılıklar göstermektedir. Günümüz 

trafik atama algoritmalarının büyük çoğunluğu, bu iki temel ilkeye göre matematiksel yapılarını 

oluşturmaktadır [6]. 
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Minimize    
0

( )
ax

a aZ t x dx=                                                                     (2) 

Sınırlayıcı koşullar  : ,rs

k rs

k

f q r s=                                                      (3) 

,

, : ,r s rs

a a k k

r s k

x f r s=                                                                     (4) 

0 : , ,rs

kf k r s 
 

0 :ax a A 
 

burada; 

k: güzergâhı 

xa: a linkindeki denge akım değerini 

ta: a linkinde denge durumundaki seyahat süresini 

fk
rs= Başlangıç-Varış çiftini bağlayan k güzergâhında denge durumundaki trafik akım değerini 

 

𝛿𝑎.𝑘
𝑟.𝑠 = {

1          ş𝑎𝑦𝑒𝑡 𝐿𝑖𝑛𝑘 𝑎 𝑘 𝐺ü𝑧𝑒𝑟𝑔𝑎ℎ 𝑑𝑎 𝑖𝑠𝑒
0                         𝑑𝑖ğ𝑒𝑟 𝑡ü𝑚 𝑑𝑢𝑟𝑢𝑚𝑙𝑎𝑟𝑑𝑎 

 

 

Sistem Optimum Ataması (System Optimum Assignment -SO) 

Sistem optimum ataması, sürücülerin toplam sistem seyahat süresini en aza indirmek için 

birbiriyle işbirliği yaptığını belirten Wardrop'un ikinci prensibine dayanır. Bu atama, sürücülere 

hangi güzergâhı kullanacakları söylendiğinde ve yönlendirildiklerinde tıkanıklığın en aza 

indirildiği bir model olarak düşünülebilir. Bu yaklaşım, davranışsal olarak günümüz 

koşullarında mutlak gerçekçi bir model olmamakla beraber, toplam şebeke seyahat 

maliyetlerini en aza indirgemek ve böylece optimum bir sosyal denge elde etmek için trafiği 

yönetmeye çalışan planlamacılar ve mühendisler açısından yararlı olmaktadır. 

 

Minimize    ( )a

a a
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Veri Toplaması ve Analizi 

Bu çalışmada, Şekil 1 test şebekesi ve Tablo 1 ile 2 de sunulan veriler kullanılarak ulaşım 

şebekesi güvenilirlik analizleri yapılmıştır. 

 

Şekil.1 Trafık şebekesi 

 

Tablo 1. Seyahat Matrisi 

B-V Seyahat 

Matrisi 

taşıt/saat 

1 2 3 4 

1 0 500 350 600 

2 670 0 580 600 

3 480 620 0 760 

4 520 720 840 0 

 

B-V  Çiftleri Arasında Mevcut Güzergahlar 

 

1-2 İçin…   1-3 İçin..   1-4 İçin: 

P1: 5-9-18-20-21  P1: 5-9-18-26-30-35  P1: 5-6-7-4 

P2: 5-9-10-12-14-21  P2: 5-6-11-20-31-35 

P3: 5-6-11-20-21 

P4: 5-6-7-13-16-21 

  

2-1 İçin   2-3 İçin              2-4 İçin 

P1: 21-16-13-7-6-5  P1: 21-32-36-35  P1: 21-16-13-4 
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P2: 21-20-18-9-5  P2:21-20-26-30-35  P2: 21-14-15-13-4 

    P3: 21-31-35 

 

3-1     3-2 İçin   3-4 İçin 

P1: 35-30-26-18-9-5  P1: 35-31-21   P1: 35-30-26-11-7-4 

P2: 35-30-26-11-6-5  P2: 35-36-32-21  P2: 35-31-16-13-4 

P3: 35-31-14-12-6-5  P3: 35-30-26-20-21 

 

4-1 İçin   4-2 İçin   4-3 İçin 

P1: 4-7-6-5   P1: 4-13-16-21  P1: 4-13-16-31-35 

        P2: 4-7-11-26-30-35 

        P3: 4-7-11-20-31-35 

Her bir linke ait serbest akım seyahat süreleri ile ilgili tablo aşağıda sunulmuştur.  
 

Tablo 2. Link serbest akım seyahat süreleri ve kapasiteleri 

Link Numarası Serbest Akım Süresi ( dakika ) Kapasite ( taşıt/saat ) 

4 3 1200 

5 4 1200 

6 7 2400 

7 8 2400 

9 8 2400 

10 10 2400 

11 10 2400 

12 8 1200 

13 6 1200 

14 4 1200 

15 3 1200 

16 3 1200 

18 7 2400 

20 8 2400 

21 3 1200 

26 4 1200 

30 5 2400 

31 13 2400 

32 10 2400 

35 4 1200 

36 8 2400 
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Analizin Çıktısı 

Test ulaşım şebekesinde farklı trafik atama yöntemleri ile mevcut başlangıç-varış çiftleri 

arasındaki güzergâhlara atanan trafik miktarları üzerinden ulaşım şebekesinin preformans 

sonuçları değerlendirilecektir. 

Ya Hep Ya Hiç yönteminde, en kısa serbest akım süreli güzergâh tüm trafik yükünü almaktadır. 

Serbest akım seyahat süreleri yüksek olan diğer güzergâhlar, akıma bağlı olarak değişen seyahat 

süreleri dikkate alınmaksızın, zonlar arasındaki talepten herhangi bir trafik almamaktadır. Bu 

yöntem tüm atama algoritmaları içerisinde en basit ve üretilen link/güzergâh akım miktarları 

açısından en az güvenilir olanıdır. 

 

Şekil 2. 1 no`lu zondan 2 no`lu zon`a ya hep ya hiç trafik ataması 

 

Artırımlı Trafık Atamasına ait sonuçlar Bearue Public Road (BPR) tarafından önerilen akım-

seyahat süresi ilişkisini gösteren ve yukarıda açıklanan bağıntı kullanılarak kod yazılımı 

MATLAB programında yapılan algoritmaya göre analiz edilmiştir. Makala içeriğinde 

geliştirilen yazılım, tez eki olarak sunulmuştur. Test şebekesinde bulunan linklere ait kapasite 

değerleri mevcut talep miktarlarına göre yüksek olduğundan dolayı yüzde birlik dilimler 

halinde serbest bırakılan zonlar arası trafık talepleri için geçerli olan güzergâhlar iterasyon 

sürecinde çok fazla değişikliğe uğramamıştır. İterasyon başlangıcındaki en kısa süreli 

güzergâhlar, kapasitelerindeki yükseklikten dolayı atama işlem süreci boyunca benzer 

güzargahlar olarak kalmıştır. Analiz sonuçlarına bakıldığında, güncellenmiş seyahat süreleri ile 

serbest akım seyahat süreleri arasındaki farklılıklar küçük ölçeklerde kalmıştır.  
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Şekil 3. 1 no`lu zondan 2 no`lu zon`a artırımlı trafik ataması  

 

Seyahat sürelerinin eşit veya göreceli olarak yakın olduğu başlangıç-varış çiftlerine ait 

güzergâhlara ait trafik akım değerleri, toplam talebin eşit olarak dağıtılması ile elde edilmiştir. 

Seyahat sürelerinin eşit olmadığı güzergâhlar ise işlem adımları sırasında değişen seyahat 

sürelerine göre yapılan atamalar ölçeğinde trafik akım değerlerine sahip oldukları için, ilgili 

talep eşit olarak güzergâhlara dağılmamıştır. Bununla beraber akım değerlerine sahip 

güzergâhlar dışında kalan alternatif güzergâhların tamamına ait seyahat sürelerinin, üzerinde 

akım bulunan güzergâhlardan daha yüksek süreli serbest akım seyahat sürelerine sahip 

oldukları ifade edilmelidir.   
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Şekil 4. 1 no`lu zondan 2 no`lu zon`a kullanıcı denge trafik ataması 

Doğrusal olmayan bir minimum maliyet problemi olarak formüle edilen sistem optimum 

yaklaşımında. tüm kullanıcılar eşit ve marjinal anlamda minimum maliyetlere sahip 

güzergahlara atanmıştır. Bu nedenle, sistem optimum ataması bireysel tercihler anlamında 

denge durumu olmayıp, tüm şebekeye ait toplam seyahat süresinin minimize edildiği denge 

çözümünü temsil etmektedir.  Bu anlamda bakıldığında çeşitli tıkanıklık senaryoları test 

edildiğinde, şebekeye ait optimum çözüme referans çerçevesi sağladığı için sistem 

performasının belirlenmesi adına oldukça kullanışlıdır.  

 

Şekil 5. 1 no`lu zondan 2 no`lu zon`a Sistem Optimum trafik ataması 

 

 

Tablo 3. Test Şebekesi link trafık akım ve seyahat süresi değerleri - Ya Hep Ya Hiç Algoritması 

Sıra 
B-

V 

Talep 

(taşıt/saat) 
En Kısa Güzergahlar 

1 
1-2 

için 
500 

1 

Link 5 9 18 20 21  Toplam 

Akım 

(taşıt/saat) 
500 500 500 500 500  500 

Seyahat süresi  

(dk) 
4 8 7 8 3  30 

Akım/Kapasite 

oranı 
0.42 0.21 0.21 0.21 0.42   

2 

Link 5 6 7 13 16 21  

Akım 

(taşıt/saat) 
0 0 0 0 0 0 0 

Seyahat süresi  

(dk) 
4 7 8 6 3 3 31 

Akım/Kapasite 

oranı 
0 0 0 0 0 0  
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Tablo 4. Test Şebekesi link trafık akım ve seyahat süresi değerleri – Artırımlı Trafik Algoritması 

Sıra B-V 

Talep 

(Taşıt/S

aat) 

En Kısa Güzergahlar 

1 
1-2 
için 

500 

1 

Link  5 9 18 20 21  Toplam 

Akım 
(taşıt/saat) 

500 500 500 500 500  500 

Güncellenmiş 

 seyahat süresi  

(dk)   

4.0004 8.001 7.0007 8.0009 3.0003  30.003 

Akım/Kapasite 
oranı 

0.42 0.21 0.21 0.21 0.42   

2 

Link  5 6 7 13 16 21  

Akım 

(taşıt/saat) 
0 0 0 0 0 0 0 

Güncellenmiş 

 seyahat süresi  
(dk)   

4 7 8 6 3 3 31 

Akım/Kapasite 

oranı 
0 0 0 0 0 0  

 

Tablo 5. Test şebekesi link trafık akım ve seyahat süresi değerleri – Kullanıcı Dengesi Algoritması 

Sıra 
B-

V 

Talep 

(Taşıt/Saat) 
En Kısa Güzergâhlar 

1 
1-2 

için 
500 

1 

Link  5 9 18 20 21  Toplam 

Akım 

(taşıt/saat) 
250 250 250 250 250  250 

Seyahat süresi  

(dk)   
4 8 7 8 3  30 

Akım/Kapasite 

oranı 
0.21 0.10 0.10 0.10 0.21   

2 

Link  5 6 7 13 16 21  

Akım 

(taşıt/saat) 
250 250 250 250 250 250 250 

Seyahat süresi  

(dk)   
4 7 8 6 3 3 31 

Akım/Kapasite 

oranı 
0.21 0.10 0.10 0.21 0.21 0.21  

 

Tablo 6. Test şebekesi link trafık akım ve seyahat süresi değerleri – Sistem Optimum Dengesi Algoritması 

Sıra B-V 

Talep  

(Taşıt/S
aat) 

En Kısa Güzergâhlar 

1 
1-2 

için 
500 

1 

Link  5 9 18 20 21  Toplam 

Akım  

(taşıt/ 

saat) 

250.25 250.25 250.25 
250.2
5 

250.
25 

 250.25 

Seyahat 

süresi  (dk)   
4 8 7 8 3  30 

Akım/ 

Kapasite 

oranı 

0.21 0.10 0.10 0.10 0.21   

2 

Link  5 6 7 13 16 21  

Akım  
(taşıt/ 

saat) 

249.75 249.75 249.75 
249.7

5 

249.

75 

249.7

5 
249.75 

Seyahat 

süresi  (dk)   
4 7 8 6 3 3 31 

Akım/ 
Kapasite 

oranı 

0.21 0.10 0.10 0.21 0.21 0.21  
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Tablo 7. Şebekeye ait Trafik Atama Yöntemlerin Karşılaştırma Özeti 

Trafik Atama Yöntemlerin Karşılaştırma Özeti 

Sıra B-V 
Talep  

(Araç/saat) 

En Kısa 

Güzergah 

(Linkler)  

Özellikler/

Yöntemler 

Hep 

Ya Hiç  

Trafik 

atama 

Artırımlı 

Trafık 

Atama 

Kullanıcı 

Denge 

Trafık 

Atama 

Sistem 

Optimum 

Trafık 

Atama 

1 1-2  500 

1  

(5-9-18-

20-21) 

Akım  

(taşıt/saat) 
500 500 250 250.25 

seyahat 

süresi  (dk)   
30 30 30 30 

2 

(5-6-7-13-

16-21) 

Akım  

(taşıt/saat) 
0 0 250 249.75 

seyahat 

süresi  (dk)   
31 31 31 31 

 

Sonuçlar  

Bu çalışmada ulaşım modelleme çalışmalarının dördüncü aşaması olan trafık atama 

yöntemlerinde kullanılan dört farklı algoritmaya ait uygulamalar ile test şebekesi üzerinden 

ilgili başlangıç-varış çiftlerine ait seyahat matrislerine bağlı olarak link trafik akım ve seyahat 

süreleri hesap edilmiş ve karşılıklı analizleri yapılmıştır. Analiz çalışmalarında Ya Hep Ya Hiç 

algoritması, Artırımlı Trafık Atama Yöntemi, Kullanıcı Denge ve Sistem Optimum Trafık 

Atama yöntemleri test edilmiştir. Artırımlı trafik atama yöntemine ait olmak üzere MATLAB 

yazılımı üzerinden kodlama geliştirilmiştir. Analiz sonuçlarına bakıldığında aşağıdaki 

değerlendirmeler yapılmıştır.  

 

➢ Ya Hep Ya Hiç yönteminde, en kısa güzergah bütün yolculuk talebinin atandığı 

güzergah olmuştur. Link ve güzergah kapasitesinin dikkate alınmadığı bu yöntemde, 

linklerde oluşacak akım değerleri sahip olunan kapasitenin üzerine çıkabildiği için 

hizmet düzeyinde ve seyahat süresi güvenilirlik seviyelerinde sorunlarla 

karşılaşılabilmektedir. 

 

➢ Yazılımı geliştirilen Artırımlı Trafık Atamasında, mevcut taleplerin her iterasyonda 

yüzde birlik serbes bırakım değerlerine göre sisteme atanmasından ve seyahat 

sürelerinin hesabında kullanılan BBR formülünün link kapasite oranlarını dikkate 

almasından dolayı belirlenen güzergahlar ve seyahat süreleri rasyonel sonuçlar 

üretmiştir.  
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➢ Kullanıcı Denge Atamasında, şebeke hakkında bilgi sahibi olan system kullanıcılarının 

şebeke hakkında somut bireysel bilgileri çerçevesinde belirledikleri güzergahlarda 

seyahat ettikleri kabulü ile trafik ataması yapılmıştır.    Bütün yolculuk talebi en kısa 

seyahat süresine sahip olan güzergahlar denge haline gelene kadar dağıtılmıştır.  

 

➢ Sistem Optimum Atamasında tüm kullanıcılar kendi bireysel seyahat sürelerini optimize 

(minimize) eden seyahat sürelerine ve buna tekabül eden trafik değerlerine göre 

güzergahlara atanmamıştır. Atamalar eşit ve minimum marjinalmaliyetlere sahip 

güzergâhlara yapılmıştır.  
 

Test şebekesi verilerine göre temelde analiz edilen trafik atama teknikleri arasında çok önemli 

bir fark elde edilmemiştir. Analizde kullanılan yöntemlerin sonuçları kabul edilebilir düzeyde 

olmakla beraber, Artırımlı Trafık Atama her bir başlangıç varış arasında bulunan en kısa 

güzergâhları iteratif prösedürle daha net ve kesin olarak tespit edebilmektedir. Sonuçların genel 

değerlendirmesi ile aşağıdaki beş gözlem elde edilmiştir: 

1) Kullanılan trafık atama tekniklerine ait sonuçlar arasında büyük bir fark yoktur.  

2) Trafık atama tekniklerinin hepsi şebeke toplojisi, talep miktarları ve link kapasite 

değerleri dikkate alındığında makul sonuçlar üretmiştir. 
 

3) Bununla beraber yazılımı tez içeriğinde yapılan Artırımlı trafik atama algoritması en iyi 

sonuçları üretmiştir. Kullanıcı denge ataması ve Sistem optimum artırımmlı algoritmaya 

yakın ölçekte rasyonel sonuçlar üretmiştir. 
 

4) Başlangıç- Varış çiftleri arasındaki talep ve link kapasiteleri arasında ne kadar büyük 

fark olursa, farklı atama algoritmalarının üreteceği sonuçlar o kadar yakın olacaktır.  

5) Artırımlı Trafık Atamasında yolculuk talebi yanında link kapsite etkiside dikkate 

alındığı için, MATLAB ile geliştirilen iteratif içerikli yazılım sonuçları en güvenilir 

analiz sürecini içermiştir.  

Öneriler 

Yapılan bu çalışma üzerinde test ulaşım şebekesinde kullanılan atama algoritmaları 

arasında değerlendirme yapılmıştır. Bu değerlendirme sonucunda ve çıkan sonuçları göre 

aşağıdaki maddeler öneriliyor.  

- Talep-Kapasite oranlarının daha büyük olduğu test şebekesi dikkate alınarak, b yeni veri 

seti ile yöntemler karşılaştırılabilir. Bu durum, alternatif algoritmaların üreteceği 
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sonuçların analitik değerlendirmesinde daha sağlıklı bir yaklaşımın elde edilmesini 

sağlayacaktır.  

 

- Eğer ulaşım şebekesinde bulunan yolculuk talepleri link kapsitesitelerinden çok küçük 

olursa, talebin etkisi şebekeye sınırlı düzeyde etkimiş olacaktır. Buna karşılık talebin 

kapasitelerden çok yüksek olması durumunda en kısa güzergâhlarda serbest seyahat 

süresine karşı güncellenmiş seyahat süreleri çok daha yükselmiş olacaktır. 

Güncellenmiş bu seyahat süreleri kuyruklanmalara sebebiyet vereceğinden, oluşan 

kuyruklanma derecelerine göre de algoritmalar değerlendirilebilir. Böylece teşvik 

edilecek alternatif güzergâhlar sistem performasına dahi edilmiş olabilir.  

- Yapılan trafık atama işlemlerinde mevcut kullanılan güzergâhların yolculuk talebine 

belli bir hizmet düzeyinde yanıt vermedikleri tespit edilirse, şebeke seyahat güvenilirliği 

açısından gelecek yıllara dönük yönetimsel ve işletimsel uygulamaların hangi linkler ve 

güzergâhlar için hayati öneme sahip oldukları belirlenebilir.  

Not: Bu makalede sadece 1-2 başlangıç varış arası şekil ve tablo sonuç özeti göstermiştir. Kalan 

başlangıç varış arası sonuçların ve bir diğer senaryonun sonuçlarının incelemesine 

Karşılaştırmalı Trafık Atama Teknikleri ile Ulaşım Şebeke Performans Analizi adlı tezde 

ulaşacaksınız. (Obaidullah Khpalwak’a ait tez, yakında Ulusal Tez Merkezi’nde 

yayınlanacaktır.)  
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Using Nano-Fluid as a Working Heat Transfer Fluids in 

Parabolic Trough (PTS) Solar Collectors System: A Review 

Omar Qasim Saleh Al-Hadeethı1, Sarah Suhail Al-Husaini2 

 

Abstract 

Electric generation by using the parabolic trough system solar power plants have an especially 

important and it development day by day quickly. parabolic trough system solar collectors are 

large U-shaped mirrors, these parabolic trough system solar collectors are connected by a long 

receiver tube (filled with haet transfer working fluid) and exposed to solar radiation during the 

day. haet transfer working fluids considered a key component of the parabolic trough system 

solar collectors. Selections of desirable heat transfer working fluid for solar radition absorption 

are of vital importance, Nanofluid is a new generation of heat transfer fluid because it has high 

thermophysical properties, it is a dilute liquid consist of nano-particle smaller than 100 nm. 

Dissolved in a base fluid. In this paper, an overview explaining Nanofluid preparation and  

thermophysical properties. Thermophysical properties and heat transfer characteristics 

including thermal conductivity are studied. Different applications of the Nanofluid areas like 

Automotive, Military applications, Cooling of microchips, Drug delivery, etc. are debated. 

Keywords: Parabolic Trough System, Haet Transfer Working Fluid, Nanofluid, Thermal 

Conductivity. 

 

Introduction 

To increase the efficiency of any of the aforementioned systems (factories, power production, 

cars, and electronic parts), a heat transfer fluid must be developed. According to Newton's law 

of cooling, which states that the amount of heat transfer can be increased in three ways, by 

increasing 

• Increase the heat transfer coefficient 

• Increase the surface area 

• Increasing the difference in temperature. 

 
1 Department of Mechanical Engineering, Selcuk University. 

2 Department of Mechanical Engineering, Karabuk University. 
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Increasing heat transfer by increasing the heat transfer coefficient and increasing the difference 

in temperature is difficult and expensive. The most common way to increase heat transfer is to 

increase the surface area of the system. Water, glycol and industrial oil are among the most 

popular heat transfer fluids and have many uses in factories, power production, cars, and 

electronic parts. For this reason, in the past few years, researchers began to move towards 

developing a new breed of heat transfer fluids known as Nano-fluids through which they can 

Improve heat transfer. Nano-fluids consist of a traditional heat transfer fluid such as ethylene 

glycol, water or oil, in addition to nanoparticles of up to 100 nanometers in size. Nano particles 

are either metallic or non-metallic. Nanoparticles have a large surface area, which is why 

beyond there is an increase in heat transfer between the molecules and the liquid. Based on the 

particles size and particle concertation deferent of Nano fluid properties can be addressed as 

thermal conductivity and viscosity and density. 

Nano-fluid 

Three main properties can be detirmine the efficiency of the nanofluid, in this section of study 

we will fouce on these properties and we will give a Comprehensive informations about these 

properties. 

1. Thermal conductivity 

2. Viscosity 

3. Stability of Nanofluid 

Thermal conductivity of Nanofluid 

Thermal conductivity is an important factor that effects  to increase the efficiency of the solar 

panel in solar power plants. In recent years, nanofluids have been used instead of traditional oil 

due to their unique thermal properties. Briefly, nanofluid is a liquid prepared by adding 

nanoparticles with a diameter not exceeding 100 nm to a frequently found liquid (oil, water, 

ethylene glycol). Automotive, military Applications and Stability Application [1]. The thermal 

conductivity depends on many parameters that take into account the efficiency of the nanofluid, 

such as: 

• Nanoparticle shape. 

• Nanoparticle size. 

• Nanoparticle concentration. 

• Properties of base fluids. 

• Nanoparticle stability. 

• Nanoparticle sedimentation. 
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• Dynamic properties such as nanoparticle movement, interaction with the base fluid    

and surfactants [2]. 

Beyond the thermal conductivity increase after the addition of nanofluid, the main reasons 

beyond the thermal conductivity increase is the Brownian motion of the fluid and the Nano 

layer (interface layer), when the nanoparticle closes from the base fluid particle, forming the 

layer structure, these layers are considered as a thermal bridge between a nanoparticle and the 

base fluid. Esfe, et al. experimentally investigated the thermal conductivity of nanofluids. 

• Exchange temperature (◦C): 30–50, 

• Base fluid: Ethylene Glycol, 

• Nanoparticle: Single-Walled Carbon Nanotubes (SWCNTs) 

• nanoparticles Concentration (ϕ): 0.02%, 0.05%, 0.075%, 0.1%, 0.25%, 0.5%, 0.75%. 

The results showed that the thermal conductivity of nanofluids increased non-linearly with 

increasing temperature, and the maximum thermal conductivity of nanofluids was observed at 

50c by 45%, 75%. [3].  Leong, et al. experimentally investigated the thermal conductivity of 

nanofluids. 

• Basic fluid: Ethylene Glycol-Water, 

• Nanoparticle Cu, TiO2, 

• Nanoparticle size: Cu (60 nm), TiO2 (25 nm), 

• Surfactant: Gum Arabic, PVP, SDBS. 

The observed results were that hybrid nanofluid, PVP, containing Gum Arabic had the highest 

thermal conductivity among nanofluids, while hybrid nanofluid, SDBS, containing Gum Arabic 

had the highest thermal conductivity among nanofluids. [4]. 

Viscosity of Nanofluid 

The viscosity of the nanofluid can be defined as the tendency of the Nanofluid to resist flow. is 

the ratio between shear stress and shear rate. The viscosity of the nanofluid can be classified as 

a constant value in the changes of shear rate called Newtonian flow, on the other hand, if the 

viscosity of the fluid is changed at the constant shear rate, the fluid is called Non-Newtonian. 

(Chen et al) measured the effects of volume fraction and temperature on the viscosity of the 

nanofluid [5]: Base fluid: distilled water (DW), and, nanoparticle (MWCNTs). the observed 

results are the increase in nanofluid viscosity with increasing nanoparticle loading when the 

volume friction increases by 0.4%. They also reported that the nanofluid viscosity increased 

significantly with temperature after 55℃. [6]. (Li et al) using a capillary viscometer to measure 

the viscosity of water, 
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• Viscosity of the nanofluid, 

• Base liquid: distilled water (DW), 

• Nanoparticles (CuO). 

Stability of Nanofluid 

When nanoparticles are close to each other in the base fluid, they tend to clump together due to 

Van Der Waals forces and interacting with each other. As seen in Figure 1. The aggregation of 

nanoparticles considers main problem that facing researchers. The nanoparticles aggregation 

problem results in higher nanofluid viscosity and hence lower thermal conductivity, which is 

undesirable. [8], many studied were puplushed in this area because this nanofluid stability is a 

critical issues, the most common gained results from the previous studies refer to: 

• Most common factors affecting nanofluid viscosity and thermal 

conductivity, 

• Clumping state, 

• Nanoparticles geometry is effected on the nanofluid stability , 

• Surface resistance of nanoparticles is effected on the nanofluid stability. 

Surfactants are added to the nanofluid, helping to increase the stability of the nanoparticles. By 

providing a repulsive force between nanoparticles, nanoparticle aggregation decreases, thus 

increasing the thermal conductivity of the nanofluid. Excessive addition of (surfactants),  (This 

leads to an increase in the acidity of the nanofluid, which leads to a decrease in thermal 

conductivity, so the use of additives must be adjusable. As can be seen in Table 1, the duration 

of various types of nanofluid stability and the amount of improvement in thermal conductivity. 

Many parameters need to be considered to increase nanofluid stability [9]: 

• Ultrasonic mixing time, 

• Type of surfactant, 

• PH control. 

• Ultrasonic frequency 

• Ultrasonic Temperature (Temperature of mixing) 
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Figure 1 aggregation of nanoparticles with time [9]. 

 

Table 1, the duration of various types of nanofluid stability and the amount of improvement in 

thermal conductivity. 

Nanopartikul + 

base fluid 

Method of 

stability 

enhacment 

Stability 

period 

Enhacment 

in heat 

transfer 

Al2O3/ water 
Ultrasonic 

method 

One 

month  
26% 

Al2O3 /natural oil 

Al2O3/Isopraffinic 

polayphaolefin 

Ultrasonic 

method, 

surfcants 

One day 
7% 

5% 

Al2O3 / biyoglikol, 

Al2O3 / ethillen 

glikol 

Al2O3 /proplin 

glikol 

Ultrasonic 

method 

One 

month 

17% 

9% 

3.6% 

SiO2/ water  

 

Ultrasonic 

method 
3 weeks 12% 

Sic/ oil 

Ultrasonic 

method, 

surfcants: 

oleik asit 

3 days 7.3% 

SiC/ mineral oil 

SiC/ izopraphinik 

polialfaolefin 

Ultrasonic 

method 
One day 

10% 

5.5% 

Zno/ water 

Ultrasonic 

method, 

surfcant 

2 weeks 51% 

Cu / water 

Ultrasonic 

method, 

surfacants: 

SDBS, PH,  

10 days 8.3% 

Carbon Nanotup / 

water 

Ultrasonic 

method, 

surfcants: 

karboksilat 

One 

month 
32% 

Grafen/ water 
Ultrasonic 

method 
100 days 11.7% 
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Preparation of Nanofluid  

Nanofluids are prepared by dispersing Nano-sized powder into Basic fluid (water, oil, ethylene 

glycol), There are two methods of preparing Nanofluid, One-step method and Two-step 

method. In this experiment, nanofluid preparation will be performed using a two-step method. 

In the literature, Two-step method, Nanofluid preparation is the most widely used method, it is 

a simple and economical method to use. Two-step method: two-step method consists of two 

steps; 

First Step: Nanoparticles, Nanofiber, Nanotubes and other materials will be turned into dry 

nano-sized powder by a chemical or physical process, the nano-sized powder will be dispersed 

into the Basic fluid (water, oil, ethylene glycol). 

Second Step: with the help of intense magnetic force and ultrasonic agitation, high shear 

mixing, Nano-sized powder will become homogeneous with Base fluid to produce Nanofluid. 

Nanoparticles have high surface area activity properties, so they tend to clump together, this is 

a problem faced by researchers, an important technique must be used to solve these problems 

(surfactants added to Nanofluids to produce a highly stable mixture) figure showing the two-

step method As can be seen in figure 2.  

Mixing of Nanoparticles with Base Fluid 

Nanoparticles interact with each other and tend to clump together. Aggregation behavior has a 

negative effect on heat transfer rate and Nanoparticle stability. There are many factors that 

affect the improvement of the stability of nanoparticles in the nanofluid: 

• Adding surfactants, 

• Surface modification techniques, 

• Control of PH values for nanofluids, 

• Ultrasonic mixing. 

Factors affecting the instability of nanoparticles: 

• Brownian Motion, 

• Nanoparticle size, 

• Nanoparticle type, 

• Ultrasonic dispersion time of nanoparticles, 

• Interactions of nanoparticles with each other and interactions of 

hhhhhhhhhhhhnanoparticles with the basic fluid. 
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Figure 2 Preparation of nanofluid. 

Parabolic Trough System Solar Collectors: 

Parabolic trough system solar collectors can be defined as linear foucus solar collectors. 

parabolic trough system solar collectors consist of parabolic trough-like large mirror shaped 

like the letter U, as can be seen ın fıgure 3, it is function reflects directly the sun lights onto 

receiver tube located on the focal line and filled with heat transfer working fluid. the solar 

radiation turns into thermal energy as a latent heat on the heat transfer working fluid. the stored 

heat in the heat transfer working fluid can be used in industrial processes, petrochemical 

industry, and, thermal power plants (Rankine cycle to generate electricity). 

 

 

    Figure 3 Parabolic trough system solar collectors [10]. 

Parabolic Trough Reflectors 

Parabolic trough reflectors are the large mirrors that reflect the sun lights and reflect and 

concentrated onto the focal point area results in an increase in the solar radiation absorbed by 

reflectors which means more solar radiation absorbed by unit square meter of parabolic trough 
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system. the shape of the parabolic trough reflectors must be designed to allow all solar radiation 

to reflects off surface parabolic trough reflectors and reach the same focal point. mostly, 

parabolic trough reflectors shaped like the letter U, it is function concentrates and reflects 

directly the solar radiation onto the receiver tube located on the focal line and filled with heat 

transfer working fluid. Parabolic trough reflectors are manufactured by bending processes, by 

bending a sheet of reflective materials into U shape called a parabola. parabolic trough 

reflectors utilized as solar thermal energy collectors, it consists of large mirror which usually 

painted with silver to increase the solar radiation concentrated. as can be seen ın fıgure 4. 

 

Figure 4 parabolic trough reflectors [11]. 

Receiver Tube or Heat Collected Tube:  

Receiver tubes are considered a vital component of the parabolic trough system, the 

performance of the parabolic trough system is determined by absorbed heat by the retriever 

tube. Receiver tube is consists of 70 mm outer diameter made of stainless steel painted with 

cermet solar-selective absorber surface, covered with 115 mm outer diameter of anti-reflective 

(AR) evacuated glass tube include the glass-metal seals to reaching to a suitable vacuum-tight 

enclosure, as can be seen in figure 5, the main function of the vacuum enclosure are reduced 

heat losses and protect the collector surface from oxidation. the steel tube must be painted by 

many layers to results in proper selective optical properties and high solar radiation absorption. 

on the other hand, the glass tube must be coated with anti-reflective (AR) to reduce fresnel 

reflective losses from the glass surface. 
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Figure 5 Receiver tube or heat collected tube [12]. 

Conclusions  

In this study, an overview of a nanofluid preparation, and the various ways used to study the 

thermophysical properties of the nanofluid. Thermophysical properties and heat transfer 

characteristics including thermal conductivity are studied. Different applications of the 

nanofluid areas like automotive, military applications, cooling of microchips, drug delivery, 

etc. are debated. The summary points of this study can be listing as following below: 

• The good thermal properties of the nanofluid have made them a suitable and new 

generation heat transfer fluid in solar energy application. 

• After the nanoparticles are added to the liquid base, the nanoparticles tend to clump 

together. 

• There are many research gaps in the nanofluid application in solar energy that need to 

be filed. 

• Thermal conductivity improvement depends on many factors: 

o Nanoparticles (concentration, size, shape), 

o surfactants, 
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Cotton Covered Dual Core-Spun Yarn Performance Evaluation 

For the Winding Process 

Osman Babaarslan1, Md Abul Shahid2, Fatma B. Doğan3 

Abstract 

Denim fabric has always been well accepted due to its durability and fashionable appearance. 

To make the denim fabric more comfortable, a new generation of dual core-spun composite 

yarn was produced, which has good elasticity and dimensional stability. A good quality control 

system is always used in the spinning process, for producing yarn from fiber and winding is the 

final quality control process to get high-quality yarn, where different faults or defects are 

removed by autoconer. In this study, quality improvement due to autoconer from ring bobbin 

to the cone of two different yarns with 18/1 and 16/1 Ne linear density was analyzed. Here, 

cotton was used as the sheath fiber, and polytrimethylene terephthalate and elastane were used 

as the core components. Linear density, strength, elongation unevenness, and hairiness of ring 

bobbin yarns and cone yarns were tested by the standard method, and statistical analysis had 

done afterward using SPSS. The strength and hairiness of dual core-spun yarn reduced after the 

winding process, whereas unevenness and elongation increased.  According to the statistical 

test, there was no significant difference (α = 0.05) in the evaluated performance except yarn 

unevenness.  

Keywords: Dual Core-Spun Yarn, Yarn Performance, Ring Bobbin Yarn, Cone Yarn, 

Winding. 

 

1. Introduction 

In recent decades consumer behavior is changed in terms of comfort. Nowadays, consumers are 

focusing not only on the aesthetic properties of the clothes but also on comfortableness. 

Clothing comfort is a feeling of well-being that comes from a person's physiological, 

psychological, and physical equilibrium. Fabric's elasticity plays a key role in clothing comfort 

 
1 Çukurova University Engineering Faculty Textile Engineering Department. 
2 Çukurova University Engineering Faculty Textile Engineering Department. 
3 Çalik Denim Textile AŞ, R&D Department, Malatya. 



7. Uluslararası Öğrenci Sempozyumu 
 

 291 

www.internationalstudentsymposium.com 
 

as consumers now prefer to wear more skinny and fit clothes. When wearing skinny and fit 

clothes, it is necessary to ensure a comfortable feeling in the time of body movement and the 

elasticity of the fabric ensures that comfortness. For example, at the time of body movement, 

10 to 35% elasticity is required to ensure comfortness while wearing denim jeans[1].  As fabric 

elasticity influences comfort, fit, and body movement, consumers prefer to wear elastic clothes 

rather than conventional ones; that is why the use of  elastic materials also increased [2].  

There are two ways to achieve the appropriate elasticity while making stretchy clothing, using 

elastic material while manufacturing yarn or at the stage of manufacturing fabric. An elastic 

structure is required to make these yarns, and the core-spun yarn was designed to meet this 

requirement. [3]. A core-spun yarn has two components: sheath fiber and core fiber; the elastic 

core component is covered with the sheath fiber. Here short-staple fibers are mostly used as 

sheath fiber to cover the elastomeric filament, and elastane is used the elastomeric filament. 

With this combination, the yarn has both sheath fiber and elastomeric filament properties [3]–

[5]. Due to some limitations with stability, dimensional change, and recovery performance, a 

new generation yarn known as the dual core-spun yarn was developed, manufactured by three 

components[6], [7]. Along with sheath fiber, there are filament and elastane[1], [8]–[10]. Here, 

elastane with a high elastic component serves to improve elasticity, while semi-elastic filament 

helps to provide high recovery, stability, and low shrinking qualities [6].  

Core-spun and dual core-spun yarn can be produced using a variety of spinning processes, with 

ring spinning processes being the most common, as production method and feeding system 

have a statistically significant effect on yarn properties [7], [11]. 

During the ring-spinning process, yarn is spun in the ring bobbins as an output of the ring frame 

machine. However, ring bobbin contains a small amount of yarn, and that is why it is necessary 

to rewind the yarn into a big package referred to as cones, to make the further process easier 

and ready for sale. Aside from the aforementioned objectives, another major goal is to remove 

yarn defects. As the ring bobbin yarn is wound into a cone, imperfections such as neps, thick 

and thin places, and count irregularities must be removed. The autoconer winding machine is 

used to perform these activities as the manual winding is a more labor-intensive process [12], 

[13]  

In this study, yarn performances were compared between ring bobbin yarn and cone yarn. After 
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that, a statistical test was carried out to examine the significance. 

2. Materials and Methods 

For this study, dual core-spun yarn was produced with a linear density of 328.06 dtex (18/1 Ne) 

and 369.06 dtex (16/1 Ne). For producing this composite yarn, cotton fiber was used as sheath 

fiber or covered fiber while polytrimethylene terephthalate (PTT (Solotex®)) and elastane 

(Lycra®) were used as core components. Table 1 shows the cotton fiber properties used in the 

production of these dual core-spun yarns, as well as roving properties after cotton fiber 

processing. The linear density of the PTT was 56 dtex and 84 dtex for 18/1 Ne and 16/1 Ne 

yarn, respectively. Elastane density was 44 dtex for both finer and coarser samples. Here, the 

strength and elongation of the PTT filament are 37.75 CN/Tex and 27.85%, respectively. 

Compositions of the studied yarn are given in Table 2. As there are many processes to produce 

dual core-spun yarn, for this research modified ring spinning method was used for 

manufacturing the yarns due to its wide acceptability. In the modified ring spinning method, 

core components – PTT and elastane, were fed in the center of the feeding system. A schematic 

view of the modified ring spinning method for producing dual core-spun yarns has shown in 

figure 1 [14]  

Linear density, strength, elongation, unevenness, and hairiness of ring bobbin yarns and cone 

yarns were measured and evaluated in this study. The winding process had done with the 

autoconer to improve the yarn quality. Table 2 shows the standard methods following in this 

study to measure the yarn performance. Five tests had been done for each measurement, and 

then the average value was considered and shown in the bar diagram with an error bar of 

standard deviation. Before the test measurement, samples were conditioned according to the 

standard. 

A two-way ANOVA test was carried out to evaluate the statistical significance and interaction 

of yarn type – ring bobbin and cone and yarn linear density on yarn performances. For the 

ANOVA test, yarn performances were considered as dependent variables, and yarn's linear 

density and yarn types were acted as independent variables. For this statistical investigation, 

SPSS 25.0 was used where the statistical analysis is done at a 95% confidence level or 0.05 

significance level, which means if the p-value, which represents the significance level, is less 

than 0.05, the difference will be statistically significant.  
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Figure 1. Schematic illustration of modified ring spinning method for dual core-spun yarn; (a) 

modified ring spinning arrangement, (b) combination of materials, (c) cross-sectional view of 

dual core-spun yarn. 

Table 1. Cotton fiber and roving properties used in this study. 

Cotton fiber HVI   Roving properties 

SCI 140.3 Count Ne 0.7 

Mic 4.98 U% 3.98 

UHML 30.5 CVm 5.01 

SF 6.13 CVm 1m 1.65 

Str. (g/tex) 33.37 CVm 3m 1.25 

Elon. (%) 8.4 CVm 5m 1.14 

Table 2. Composition of the studied yarn 

Yarn Linear density Sheath Core Composition 

328.06 dtex (18/1 Ne) Cotton 56 dtex PTT(Solotex®) 

44 dtex Elastane 

80.17% CO + 15.80% Solotex® + 

4.03% ELASTANE 

369.06 dtex ( 16/1 Ne) Cotton 84 dtex PTT(Solotex®) 

44 dtex Elastane 

75.35% CO + 21.07% Solotex® + 

3.58% ELASTANE 

Table 3. Standard test methods used in this study 
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 Test Standard 

Yarn Tests 

Yarn count/linear density TS 244 EN ISO 2060 

Uster Unevenness TS 2394 

Yarn Hairiness TS12863 

Yarn Breaking Tenacity TS 245 EN ISO 2062 

 Sample accept and conditioning ASTM D 1776 

3. Results and Discussions 

3.1. Linear Density 

 

Figure 2. Yarn Linear density 

Figure 2 depicts that, after the winding process, there is a minor increase of yarn's linear density. 

For finer yarn, an increase of 1% linear density is observed from ring bobbin to cone, whereas 

for the coarser yarn sample, the increase is less than 1%. A two-way ANOVA analysis for linear 

density variation is carried out, and it is found that there is no statistically significant interaction 

between yarn's linear density and yarn type as p is greater than the significance level, p = 0.653, 

table 4. Considering simple main effect analysis, it is observed that yarn's linear density has no 

statistical significance, but yarn type has. Here R squared value is 0.925, which depicts that 

92.5% variance of the yarn's linear density is attributed to linear density and yarn type. 

Ring bobbin Cone Ring bobbin Cone

18 Ne 16 Ne

Linear density 17.822 18.044 16.234 16.348
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3.2. Yarn Strength 

 

Figure 3 Yarn strength 

From figure 3, it can be said that after the winding process of the dual core-spun yarn, strength 

is decreased for both linear densities. For finer yarn samples (18/1 Ne), strength is reduced by 

about 2.2%, while for coarser yarn samples (16/1 Ne), this amount is about 2.9%. As in the 

winding process, ring bobbin yarn's faults were removed and then sliced up; that is why there 

is a reduction of strength. The conducted two-way ANOVA test in table 4, which is examined 

the effect of yarn linear density and yarn type on yarn strength, shows that there is no 

statistically significant interaction as p = 0.870. Both independent variables, yarn's linear 

density, and yarn type, also show no statistical significance on yarn strength. R squared value 

is 0.213, which indicates that yarn's linear density and yarn type can be explained by 21.3% 

variability of the yarn strength.  

3.3. Yarn Elongation 

From figure 4, it is found that there is a minor elongation rise after the winding process of the 

yarn from ring bobbin to cone. For the finer sample of the yarn, it can be said that there is almost 

4% of elongation growth after the winding process, where the coarser sample shows less than 

a 1% increase. Table 4 shows no statistical interaction between the effect of yarn's linear density 

and yarn type on yarn elongation properties as p = 0.509. From the simple main effect analysis, 

Ring bobbin Cone Ring bobbin Cone

18 Ne 16 Ne

Strength 13.862 13.556 14.488 14.074
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Figure 4. Yarn elongation 

it is also found that yarn linear density and yarn type both have no statistical significance on 

yarn elongation properties, and the value of R squared reveals that 14.4% of the variance on 

yarn elongation is attributed to yarn's linear density and yarn type. 

3.4. Yarn Unevenness 

Figure 5 illustrates that there is a slight increase in yarn unevenness of the dual core-spun yarn 

after the winding process. The changes are fully negligible for the finer yarn sample, but for the 

coarser yarn sample, the increase of unevenness from ring bobbin to cone is almost 6%. During 

the winding process, yarn's faults are removed by clearing the faulty area and then splicing both 

ends, which creates more yarn variation. From the two-way ANOVA analysis, it is found that 

there is a statistically significant interaction between the effects of yarn's linear density and yarn 

type on yarn unevenness, p < 0.05. Table 4 shows that the R squared value is 0.78, representing 

that 78% variability of the yarn unevenness can be explained by the yarn's linear density and 

yarn type.  

Ring bobbin Cone Ring bobbin Cone

18 Ne 16 Ne

Elongation 10.438 10.846 10.266 10.292
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Figure 5. Yarn unevenness 

3.5. Yarn Hairiness 

From figure 6, it can be observed that the cotton-covered composite yarns show a minor 

reduction in yarn hairiness after the winding process. For the finer yarn sample, hairiness is 

reduced by about 1.5% from ring bobbin to cone, where for the coarser sample, this reduction 

is less than 1%. The reduction of hairiness happens due to waxing in the winding process, but 

the results show no significant reduction. Two-way ANOVA analysis at table 4 shows no 

statistically significant interaction between the effect of yarn's linear density and yarn type on 

yarn hairiness properties, p = 0.835. Considering the simple main effect, it is observed that yarn 

linear density has statistical significance on yarn hairiness, but yarn type does not have, and the 

R squared value is 0.978 depicts that the independent variables can be explained 97.8% 

variability of the yarn hairiness. 

Ring bobbin Cone Ring bobbin Cone
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Figure 6. Yarn hairiness 

Table 4. Two-way ANOVA test results 

Tests of Between-Subjects Effects 

Dependent Variable:      

 Source F Sig. R squared Adj. R squared 

Linear density 

Linear density 2.035 0.173 

0.925 0.911 
Yarn type 194.388 0.000 

Linear density 

*Yarn type 
0.210 0.653 

Strength 

Count 3.082 0.098 

0.213 0.065 
Yarn type 1.221 0.286 

Linear density 

*Yarn type 
0.027 0.870 

Elongation 

Linear density 1.652 0.217 

0.144 -0.016 
Yarn type 0.590 0.454 

Linear density 

*Yarn type 
0.457 0.509 

Unevenness 

Linear density 43.028 0.000 

0.78  0.739 
Yarn type 7.621 0.014 

Linear density 

*Yarn type 
6.202 0.024 

Hairiness 

Linear density 706.904 0.000 

0.978 0.974 
Yarn type 1.178 0.294 

Linear density 

*Yarn type 
0.045 0.835 

Ring bobbin Cone Ring bobbin Cone

18 Ne 16 Ne

Hairiness 7.604 7.494 9.84 9.766
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4. Conclusion 

Within the scope of this study, yarn performances were evaluated between ring bobbin yarn 

and cone yarn, along with statistical evaluation. From this study, after the winding process of 

the yarn, evaluation could be concluded following way- 

1. Linear density had a minor increase which had no statistically significant interaction. 

2. Yarn strength was decreased but had no statistically significant interaction. 

3. There was a slight rise of yarn elongation though it had no statistically significant 

interaction. 

4. Yarn unevenness was increased with a statistically significant interaction. 

5. Only a small decrease in yarn hairiness, with no statistically significant interactions. 
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Betonarme Karma Taşıyıcı Sistemlerin TBDY 2018’e Göre 

Doğrusal Olmayan Hesap Yöntemleri ile Performans Analizi ve 

Elde Edilen Sonuçların Karşılaştırması  

Rohullah Jamal1,2 

Özet 

Doğrusal olmayan itme analizi basitliği nedeniyle, yapısal ve yapısal olmayan elemanların 

performanslarının belirlenmesi için kullanılmaktadır. Modelleme sırasında yapıdaki her bir 

elemanın doğrusal olmayan özelliklerinin ve deformasyon kapasitelerinin belirlenmesi 

gerekmektedir. İtme analizi, TBDY 2018’e göre tanımlanan plastik mafsal özellikleri ele 

alınarak gerçekleştirilmiştir. Betonarme karma taşıyıcı sistemlerin itme analizi ETABS 

programı ile gerçekleştirilmiştir. Plastik mafsal özelliklerinin yanlış kullanılması, mevcut 

yapılar için hatalı sonuçlar elde edilmesine yol açmaktadır. Bu çalışmada, TBDY 2018’de 

tanımlanan doğrusal olmayan elemanların plastik mafsal özellikleri ve etkin kesit rijitlikleri ele 

alınarak itme analizi gerçekleştirilmiştir. Betonarme karma taşıyıcı sistemlerin analiz sonuçları 

incelenerek birbiri ile karşılaştırılmıştır. Bu çalışmada doğrusal olmayan hesap yöntemlerinden 

biri olan itme analizi yöntemiyle 4 açıklıklı 3, 5 ve 7 katlı betonarme karma taşıyıcı sistemlerin 

analizleri gerçekleştirilmiştir. Gerçekleştirilen itme analizi sonucunda kapasite eğrileri elde 

edilmiştir. Kat sayısının artması durumunda, TBDY 2018’e göre elde edilen tepe yer değiştirme 

miktarı ve taban kesme kuvvetlerin miktarı artmaktadır. TBDY 2018 yönetmeliğine göre 

yapılan analizlerden elde edilen sonuçlar kat yüksekliğine, plastik mafsal özelliklerine ve 

elemanların etkin rijitliğine bağlıdır.  

Anahtar Kelimeler: İtme Analizi, Plastik Mafsal, Kapasite Eğrisi, Tepe Yer Değiştirme, 

Taban Kesme Kuvveti.  

 

Giriş 

Sismik yer değiştirme tahminleri, doğrusal veya doğrusal olmayan analiz yöntemleri 

kullanılarak elde edilebilir. Binaların sismik tasarımı için doğrusal elastik analiz kullanılırken, 

 
1 Konya Teknik Üniversitesi Mühendislik ve Doğa Bilimleri Fakültesi İnşaat Mühendisliği Bölümü. 
2 Theoretical and Applied Mechanics Department Electromechanics Faculty Kabul Polytechnic University. 
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elastik olmayan davranış, sık olmayan deprem yüklemelerine maruz kalan çoğu yapıda 

amaçlanmaktadır. Bu nedenle, sismik yükler altında binaların gerçek davranışlarını 

belirleyebilmek için doğrusal olmayan analizlerin kullanılması önemlidir [1]. Doğrusal 

olmayan statik yöntemler, yapıların gerçek davranışını daha iyi temsil etmektedir. Doğrusal 

olmayan analiz, mevcut ve yeni yapıların sismik performans değerlendirmesi için popüler bir 

araç haline gelmiştir. Doğrusal olmayan statik yöntemler belirli yer hareketi kayıtları altında 

olan yapıların analizleri yansıtmak için doğal olarak yetersiz kalmaktadır [2]. Bir diğer önemli 

noktada, doğrusal olmayan statik analizden gözlemlenen hasar modelinin, bazı durumlarda 

doğrusal olmayan dinamik analize kıyasla önemli ölçüde farklı olabileceğidir [3]. Doğrusal 

olmayan zaman tanım alanı analizinin, sismik talep tahminleri ve yapıların performans 

değerlendirmesi için daha doğru bir yöntem olduğunun bilinmesine rağmen, doğrusal olmayan 

statik analiz, basitliği nedeniyle yapı mühendisliğinde yaygın olarak kullanılmaktadır. Bunları 

aşmak için farklı doğrusal olmayan statik analiz prosedürleri geliştirilmiştir [4–6]. 

Bu çalışmada üç tip betonarme karma taşıyıcı sistemin doğrusal olmayan performans analizi 

TBDY 2018 [7]’e göre yapılmıştır. Çalışmanın amacı üç farklı kat yüksekliğine sahip 

betonarme karma taşıyıcı sistemin TBDY 2018’e göre doğrusal olmayan performans 

analizlerinin yapılarak kıyaslanmasıdır. Betonarme karma taşıyıcı sistemlerin doğrusal 

olmayan elemanlarının plastik mafsal özellikleri kullanılarak itme analizleri yapılmış ve elde 

edilen sonuçlar karşılaştırılmıştır. Ele alınan taşıyıcı sistemlerin tipik planı iki eksene göre 

simetrik olduğu için burulma etkisi altında kalmamaktadır. Betonarme karma taşıyıcı 

sistemlerin üç boyutlu olarak modellenmesi ve tasarımı yapılmıştır. Çalışmada üç, beş ve yedi 

katlı ve dört açıklıklı binalarda, farklı plastik mafsal özellikleri tanımlanarak elde edilen 

performans analizlerin sonuçları kıyaslanmıştır. Betonarme taşıyıcı sistemlerin performans 

analizinde kullanılan malzeme özellikleri ve dayanımı, plastik mafsal özellikleri ele alınmış ve 

matematiksel modellemesi ETABS 19-0.2 [8] programı ile yapılmıştır. Matematiksel modelin 

analiz sonucunda TBDY 2018’e göre kapasite eğrileri elde edilmiştir. Kapasite ve talep eğrileri 

aynı eksen takımına dönüştürülerek yapı sistemlerinin performans noktaları belirlenmiştir. 

TBDY 2018’e göre hesaplanan kapasite eğrileri ve elde edilen performans noktalarındaki tepe 

yatay yer değiştirmeleri, taban kesme kuvvetleri, kat kesme kuvvetleri ve kat ötelenmelerin 

miktarları karşılaştırarak yorumlanmıştır. 
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Materyal ve Metot 

Dört açıklıklı üç, beş ve yedi katlı betonarme karma taşıyıcı sistemleri TBDY 2018 [7] ve TS 

500 [9] yönetmeliklerine göre tasarlanmıştır. Şekil 1’de gösterildiği gibi tasarlanan betonarme 

taşıyıcı sistemlerin kolon eksenlerinin mesafesi 5m ve kat yüksekliği 3.5m’dir. Analiz edilen 

betonarme karma taşıyıcı sistemlerde beton sınıfı C30 ve donatı sınıfı B420C’dir. Kullanılan 

malzeme özellikleri Tablo 1’de verilmiştir.  

 

 

Şekil 1. Betonarme karma taşıyıcı sistemlerin tipik kat planı  

Tablo 1. Kullanılan malzeme özellikleri  

C30 betonunun mekanik özellikleri 

Beton 

Sınıfı 

Karakteristik 

Basınç Dayanımı, 

𝑓𝑐𝑘(Mpa) 

Eşdeğer Küp 

Basınç Dayanımı 

(Mpa) 

Karakteristik Eksenel Çekme 

Dayanımı 𝑓𝑐𝑡𝑘 (Mpa) 

28 Günlük 

Elastik Modülü, 

𝐸𝑐 (Mpa) 

C30 30 37 1.9 32000 

B420C donatı çeliğinin mekanik özellikleri 

Donatı 

Sınıfı 

Minimum Akma 

Dayanımı, 𝑓𝑦𝑘 

(Mpa) 

Minimum Kopma 

Dayanımı, 𝑓𝑠𝑢 

(Mpa) 

∅ ≤ 32  için 

Minimum 

Kopma 

Uzaması, 휀𝑠𝑢 

(%) 

32 < ∅ ≤ 50  için 

Minimum Kopma 

Uzaması, 휀𝑠𝑢 (%) 

Elastik Modülü, 

𝐸𝑠 (Mpa) 

B420C 420 550 8 8 200000 

 



7. Uluslararası Öğrenci Sempozyumu 
 

 305 

www.internationalstudentsymposium.com 
 

Betonarme karma taşıyıcı sistemlerin İstanbul ilinin Bakırköy ilçesi Yeşilköy Mahallesi’nde 

olduğu varsayılmıştır. Hesaplamalarda TBDY 2018 ve TS 500’e göre tasarlanan DD2 tasarım 

depremi (50 yılda aşılma olasılığı %10 ve tekrarlanma periyodu 475 yıl olan deprem yer 

hareketi düzeyi) için Ss=1.27 ve S1=0.329 ele alınarak modellenmiştir. Betonarme taşıyıcı 

sistemlerin modellerinde deprem ve zemin parametreleri AFAD (http://tdth.afad.gov.tr) web 

sayfasından ele alınarak Tablo 2’de verilmiştir. 

Tablo 2. Hesaplarda kullanılan deprem ve zemin parametreleri  

Bina Önem Katsayısı I=1 

Bina Kullanım Sınıfı BKS=3 

Eksantriste Oranı 0.05 

Süneklik Düzeyi Yüksek 

Deprem Yer Hareketi Düzeyi DD2 

Deprem Tasarım Sınıfı DTS=1 

Bina Yükseklik Sınıfı BYS=7 

Normal Performans Hedefi Kontrollü Hasar 

Zemin Tipi ZC 

Spektrum Karakteristik Periyotları Ta= 0.06, Tb= 0.32 

Kısa periyot harita spektral ivme katsayısı 𝑆𝑠 = 1.294 

1,0 saniye periyot için harita spektral ivme katsayısı 𝑆1 = 0.329 

Kısa periyot tasarım spektral ivme katsayısı 𝑆𝐷𝑠 = 1.5528 

1,0 saniye periyot için tasarım spektral ivme katsayısı 𝑆𝐷1 = 0.4935 

Betonarme taşıyıcı sistemlerin döşeme ve kirişlerinde ilave yükler TS 498 [10] yönetmeliğine 

göre hesaplanmıştır. Betonarme taşıyıcı sistemlerde, normal kat döşemelerine etkiyen ilave 

sabit yükler 2,12 kN/m2, çatı katı döşemelerine etkiyen ilave sabit yükler 1,5 kN/m2 ve kirişlere 

etkiyen duvar yükü de 4,8 kN/m olarak ele alınmıştır. Normal kat döşemelerine etkiyen 

hareketli yük 3,5 kN/m2, çatı katı döşemelerine etkiyen hareketli yük ise 1,5 kN/m2’dir.  

Betonarme karma taşıyıcı sistemlerin tasarımı (BKTS) TBDY 2018 [7] ve TS 500 [9]’e göre 

yapılarak boyuna ve enine donatılar ETABS 19-02 programı ile elde edilmiştir. Tablo 3 ve 4’te 

verilen betonarme kolonların en-kesit boyutları BKTS-1, BKTS-2 ve BKTS-3 bina tipleri için 

sırasıyla 400×400mm, 450×450mm ve 500×500 mm, kirişlerin boyutları 250×500mm ve 

döşeme kalınlığı 160 mm’dir. Betonarme kolonlar ve kirişlerde pas payı 50mm ve döşemelerde 

ise 20mm olarak seçilmiştir. Betonarme kolonların ve kirişlerin en-kesit boyutları ve donatı 

yerleşimi sırasıyla Tablo 3 ve 4’te verilmiştir. Betonarme perde duvarların donatılarının miktarı 

ve donatı yerleşim planı Şekil 2’de verilmiştir. 

Tablo 3. Betonarme kolonların en-kesit boyutları ve donatıların miktar ve yerleşimi 

Bina Tipi Kolon Boyut (mm) Düşey Donatı Enine Donatı Boyuna Donatı Oranı 
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BKTS-1 

 

 

400x400 8Φ22 Φ10/100 0.01900 

BKTS-2 

 

450x450 8Φ22 Φ10/100 0.01502 

BKTS-3 

 

500x500 8Φ22 Φ10/100 0.01216 

Tablo 4. Betonarme kirişlerin en-kesit boyutları ve donatıların miktar ve yerleşimi 

Bina Tipi Kiriş Katlar  Sol Mesnet Açıklık Sağ Mesnet 

BKTS-1 

 

BN 

Tüm 

katlar 

Üst 4Φ16 4Φ16 4Φ16 

Alt 2Φ16 2Φ16 2Φ16 

BS-1 

Üst 4Φ16 4Φ16 4Φ16 

Alt 5Φ16 5Φ16 5Φ16 

BKTS-2 

 

BN 

Tüm 

katlar 

Üst 4Φ16 4Φ16 4Φ16 

Alt 2Φ16 2Φ16 2Φ16 

BS-2 

Üst 6Φ16 6Φ16 6Φ16 

Alt 5Φ16 5Φ16 5Φ16 

BKTS-3 

 

BN 

Tüm 

katlar 

Üst 4Φ16 4Φ16 4Φ16 

Alt 2Φ16 2Φ16 2Φ16 

BS-3 

Üst 6Φ18 6Φ18 6Φ18 

Alt 5Φ18 5Φ18 5Φ18 

Not: Tüm kat kirişlerinde Φ8/100 etriye kullanılmıştır. 

 

 

Şekil 2. Betonarme perde duvarların en-kesit boyutları ve donatı yerleşim planı 

Betonarme kolonların ve perde duvarların temel ile bağlantısı ankastre olarak kabul edilmiş ve 

modellenmiştir. Döşemeler ise kendi düzlemleri içinde sonsuz rijit (Diyafram) olarak 
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varsayılmıştır. Ele alınan betonarme karma taşıyıcı sistemleri iki eksene göre simetrik olduğu 

için kat kütleleri kat ağırlık merkezlerinde toplanarak yatay etkileri ek dış merkezlik olması 

durumunda dikkate alınmıştır. Doğrusal olmayan statik analizin yapabilmesi için kolon, kiriş 

ve perde duvarların etkin eğilme rijitlik oranlarının belirlenmesi gerekmektedir. TBDY2018’e 

göre kolon, kiriş ve perde duvar elemanların etkin eğilme rijitlik çarpanları belirlenerek Tablo 

5’te verilmiştir. 

 

 

Tablo 5. Betonarme kolonları, kirişleri ve perde duvarların TBDY 2018’e göre etkin eğilme rijitliklerinin 

çarpanları 

TBDY 2018’e göre 

Betonarme taşıyıcı sistem elemanı Etkin kesit rijitliği çarpanı (ke) 

Çubuk elemanlarda Eğilme Kesme 

Çerçeve kirişi 0.35 1.00 

Çerçeve kolonu 0.70 1.00 

Betonarme perde 0.25 1.00 

Tablo 5’ten görüldüğü gibi betonarme elemanların etkin rijitlik çarpanları (ke) TBDY 2018’e 

göre sabit bir katsayı olarak verilmiştir. Betonarme karma taşıyıcı sistemlerin tasarımı TBDY 

2018 ve TS500 (2000) yönetmeliklerine göre uygun şekilde yapılarak betonarme elemanların 

donatılarının miktarı hesaplanmıştır. Tablo 2’de özellikleri verilen karma taşıyıcı sistemlerin 

analizleri ETABS 19-02 ile yapılmıştır. Betonarme taşıyıcı sistemlerin tasarımı yapıldıktan 

sonra itme analizi yapabilmek için betonarme elemanlarının plastik mafsal özelliklerinin 

tanımlanması gerekmektedir. TBDY 2018’e göre betonarme elemanların plastik mafsal 

özelliklerinin hesaplanması ve tanımlanmasının aşamaları aşağıda özetlenmiştir. 

Betonarme Kolonların, Kirişlerin ve Perdelerin TBDY 2018’e Göre Plastik Mafsal 

Özelliklerinin Belirlenmesi 

Dört açıklıklı üç, beş ve yedi katlı betonarme karma taşıyıcı sistemlerin doğrusal olmayan statik 

analizlerini yapabilmek amacı ile kolonların, kirişlerin ve perde duvarların plastik mafsal 

özelliklerinin belirlenmesi gerekmektedir. TBDY 2018’e göre betonarme kirişlerin ve 

kolonların plastik mafsal özellikleri SAP 2000 programı ile hesaplanmıştır. Plastik mafsal 

özelliklerinin hesaplanması sırasında SAP 2000 programında beton için sargılı ve sargısız beton 

malzeme modelleri ve donatı çeliği malzeme modeli tanımlanmıştır. Plastik mafsal 

özelliklerinin hesaplanmasında, beton malzeme modeli Mander sargılı [11] ve sargısız beton 

modeli ve donatı çeliği malzeme modeli ise Park modeli olarak ele alınmıştır. Betonarme 
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kolonların plastik mafsal özelliklerinin tanımlanması için, kolonların moment- eğrilik ilişkisi 

ve iki boyutlu normal kuvvet -moment etkileşim grafiklerinin belirlenmesi gerekmektedir. 

Betonarme kolonların moment – eğrilik ilişkisi ve normal kuvvet – moment etkileşim 

eğrilerinin hesaplanması SAP 2000 [12] programı ile yapılarak grafikleri çizilmiştir. Çizilen 

grafikler Şekil 3 ve 4’te verilmiştir. Betonarme kolonların hesaplanan plastik mafsal özellikleri 

Tablo 6, 7 ve 8’de verilmiştir. 

  

 

Şekil 3. TBDY 2018’e göre kolonların moment – eğrilik ilişkisi 
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Şekil 4. TBDY 2018’e göre kolonların 2 boyutlu normal kuvvet – moment etkileşim grafikleri 

 

Tablo 6. BKTS-1 Betonarme karma taşıyıcı sistemlerinin kolonlarının plastik mafsal özellikleri  

Kolon 

Tipi 

N 

(kN) 

Açı 

(Derece) 

My 

(kN.m) 

ky 

(Rad/m) 

Mu 

(kN.m) 

ku 

(Rad/m) 

𝚹𝐲 

(𝐑𝐚𝐝) 

𝛉𝐏
𝐊𝐇 

(𝐑𝐚𝐝) 
𝛉𝐏

𝐆Ö 

(𝐑𝐚𝐝) 

𝚹𝐮 

(𝐑𝐚𝐝) 

C1 

480 90 213.4 0.0101 282.6 0.3032 0.0020 0.0426 0.0569 0.0606 

960 90 267.8 0.0116 311.7 0.2117 0.0023 0.0293 0.0391 0.0423 

1440 90 315.3 0.0134 337.7 0.1844 0.0027 0.0253 0.0337 0.0369 

1920 90 349.2 0.0161 349.4 0.1671 0.0032 0.0225 0.0300 0.0334 

480 45 201.3 0.0083 262.8 0.1766 0.0017 0.0246 0.0328 0.0353 

960 45 244.3 0.0093 285.2 0.1458 0.0019 0.0201 0.0268 0.0292 

1440 45 271.1 0.0104 305.3 0.1328 0.0021 0.0181 0.0242 0.0266 

1920 45 289.9 0.0113 310.6 0.1251 0.0023 0.0169 0.0226 0.0250 

 

Tablo 7. BKTS-2 Betonarme karma taşıyıcı sistemlerinin kolonların plastik mafsal özellikleri  

Kolon 

Tipi 

N 

(kN) 

Açı 

(Derece) 

My 

(kN.m) 

ky 

(Rad/m) 

Mu 

(kN.m) 

ku 

(Rad/m) 

𝚹𝐲 

(𝐑𝐚𝐝) 

𝛉𝐏
𝐊𝐇 

(𝐑𝐚𝐝) 
𝛉𝐏

𝐆Ö 

(𝐑𝐚𝐝) 

𝚹𝐮 

(𝐑𝐚𝐝) 

C2 

607,5 90 270.2 0.0086 354.2 0.2748 0.0019 0.0416 0.0555 0.0618 

1215,0 90 349.7 0.0099 403.3 0.1791 0.0022 0.0267 0.0356 0.0403 

1822,5 90 413.4 0.0114 441.7 0.1483 0.0026 0.0217 0.0290 0.0334 

2430,0 90 457.0 0.0136 467.5 0.1305 0.0031 0.0188 0.0250 0.0294 

607,5 45 260.5 0.0071 333.2 0.1479 0.0016 0.0221 0.0295 0.0333 

1215,0 45 327.0 0.0080 374.0 0.1197 0.0018 0.0177 0.0236 0.0269 

1822,5 45 364.5 0.0090 405.5 0.1058 0.0020 0.0154 0.0206 0.0238 

2430,0 45 392.1 0.0097 415.1 0.0987 0.0022 0.0143 0.0190 0.0222 

 

Tablo 8. BKTS-3 Betonarme karma taşıyıcı sistemlerinin kolonların plastik mafsal özellikleri  

Kolon 

Tipi 

N 

(kN) 

Açı 

(Derece) 

My 

(kN.m) 

ky 

(Rad/m) 

Mu 

(kN.m) 

ku 

(Rad/m) 

𝚹𝐲 

(𝐑𝐚𝐝) 

𝛉𝐏
𝐊𝐇 

(𝐑𝐚𝐝) 
𝛉𝐏

𝐆Ö 

(𝐑𝐚𝐝) 

𝚹𝐮 

(𝐑𝐚𝐝) 

C3 

750 90 377.0 0.0075 433.4 0.2469 0.0019 0.0400 0.0534 0.0617 

1500 90 446.5 0.0087 515.1 0.1548 0.0022 0.0246 0.0328 0.0387 

2250 90 533.4 0.0100 566.5 0.1235 0.0025 0.0193 0.0257 0.0309 

3000 90 591.2 0.0120 600.0 0.1031 0.0030 0.0157 0.0209 0.0258 

750 45 328.7 0.0062 411.2 0.1267 0.0015 0.0203 0.0270 0.0317 

1500 45 418.4 0.0070 476.9 0.1005 0.0018 0.0158 0.0211 0.0251 

2250 45 477.4 0.0079 529.6 0.0873 0.0020 0.0135 0.0181 0.0218 
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3000 45 509.1 0.0085 543.4 0.0805 0.0021 0.0123 0.0165 0.0201 

 

Betonarme karma taşıyıcı sistemlerin doğrusal olmayan analizinde, kirişlerin plastik mafsal 

özelliklerinin tanımlanması gerekmektedir. Betonarme kirişlerin plastik mafsal özelliklerinin 

tanımlanması amacıyla, kirişlerin moment – eğrilik ilişkileri belirlenmiştir. Kirişlerin moment 

– eğrilik ilişkisinin değerleri SAP 2000 programı ile elde edilerek moment – eğrilik grafikleri 

çizilmiştir. Çizilen moment – eğrilik ilişkisinin grafikleri Şekil 5’te verilmiştir. Betonarme 

kirişlerinin hesaplanan plastik mafsal özellikleri Tablo 9’de verilmiştir. 

 

  

  

Şekil 5. TBDY 2018’e göre betonarme kirişlerin moment – eğrilik grafikleri 

Tablo 9. BKTS-1, 2 ve 3 betonarme taşıyıcı sistemlerinin kirişlerin plastik mafsal özellikleri 

Kiriş 

Tipi 

Çekme 

Durumu 

My 

(kN.m) 

ky 

(R/m) 

Mu 

(kN.m) 

ku 

(R/m) 

𝜭𝒚 

(𝑹𝒂𝒅) 

𝜽𝑷
𝑲𝑯 

(𝑹𝒂𝒅)) 
𝜽𝑷

𝑮Ö 

(𝑹𝒂𝒅) 

𝜭𝒖 

(𝑹𝒂𝒅) 

BN 
Altta 75.9 0.00598 91.0 0.2399 0.0015 0.0364 0.0486 0.0600 

Üstte 131.8 0.00651 168.9 0.2431 0.0016 0.0368 0.0491 0.0608 

BS-1 
Altta 159.5 0.00661 216.8 0.2424 0.0017 0.0353 0.0470 0.0606 

Üstte 133.5 0.00637 176.8 0.2413 0.0016 0.0351 0.0468 0.0603 

BS-2 
Altta 163.6 0.00658 216.3 0.2517 0.0016 0.0366 0.0488 0.0629 

Üstte 177.2 0.00672 250.9 0.2433 0.0017 0.0354 0.0472 0.0608 

BS-3 
Altta 199.5 0.00675 272.4 0.2523 0.0017 0.0378 0.0505 0.0631 

Üstte 217.2 0.00692 315.0 0.2436 0.0017 0.0365 0.0487 0.0609 
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Deprem yönetmeliklerine göre betonarme kolonların ve kirişlerin birleşim noktalarına yakın 

bölgelerde plastik mafsalların oluştuğu kabul edilmektedir. Betonarme perdelerde ise en alt 

kattaki perdenin temele birleştiği noktaya yakın bölgede plastik mafsal oluştuğunu kabul edilir. 

Kirişlerde ise düşey yüklerden ötürü açıklık ortasında da plastik mafsal oluşabilir. Betonarme 

karma taşıyıcı sistemlerde, plastik mafsal özellikleri kolonların alt ve üst mesnetlerine, 

kirişlerin ise sol ve sağ mesnetlerine ve perde duvarların mesnetlerine yakın bölgelerde 

tanımlanmıştır.  

Betonarme perde duvarlarda ise Şekil 2’de verilen donatıların miktarı ve yerleşimi Etabs 

programına tanımlanmıştır. Betonarme perde duvarlar yayılı plastik mafsal (fiber hinge) 

kullanılarak modellenmiştir. 

Araştırma Bulguları  

Çalışmada dört açıklıklı üç, beş ve yedi katlı betonarme karma taşıyıcı sistemlerin doğrusal 

olmayan analizleri TBDY 2018’e göre yapılmıştır. Doğrusal olmayan analiz olarak 

basitleştirilmiş doğrusal olmayan statik analiz yöntemi seçilmiştir. Basitleştirilmiş doğrusal 

olmayan statik analizin gerçekleştirilebilmesi için etkin en-kesit rijitlikleri, eşdeğer deprem 

yükü dağılımı ve plastik mafsal özelliklerinin tanımlanması gerekmektedir. Betonarme karma 

taşıyıcı sistemlerin doğrusal olmayan analizlerinde elemanların etkin rijitlik çarpanları, kat 

kütleleri, eşdeğer deprem yükü dağılımları hesaplanmıştır. Betonarme kolonların ve kirişlerin 

plastik mafsal özellikleri TBDY 2018’e göre hesaplanmış ve Tablo 6, 7, 8 ve 9’de verilerek 

ETABS 19-0.2 programına tanımlanmıştır. Doğrusal olmayan statik analizler TBDY 2018’e 

göre gerçekleştirilerek kapasite eğrileri, performans noktaları elde edilerek, taban kesme 

kuvvetleri, kat kesme kuvvetleri ve kat ötelenmeleri elde edilmiştir. Elde edilen sonuçlar 

aşağıda verilmiştir.  

Kapasite Eğrilerinin Elde Edilmesi 

Dört açıklıklı üç, beş ve yedi katlı betonarme karma taşıyıcı sistemlerin artımsal eşdeğer deprem 

yükü ile itme analizi TBDY 2018 yönetmeliğe göre ETABS 19-0.2 programı ile 

gerçekleştirerek kapasite eğrileri elde edilmiştir. Elde edilen betonarme karma taşıyıcı 

sistemlerin kapasite eğrilerinin karşılaştırmalı grafiği Şekil 6’da verilmiştir. 
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Şekil 6. BKTS-1, BKTS-2 ve BKTS-3 binaların karşılaştırmalı kapasite eğrileri 

 

BKTS-1, 2 ve 3 Performans Noktalarının Belirlenmesi 

Betonarme karma taşıyıcı sistemlerin (BKTS) performans noktalarının belirlenmesi amacı ile 

TBDY 2018’e göre elde edilen kapasite eğrilerinin spektral ivme (Sa)- spektral yerdeğiştirme 

(Sd) eksen takımlarına dönüştürülmesi gerekmektedir. Deprem etkisi ve talep eğrisi olarak 

adlandırılan, eksenleri spektral ivme (Sa) – periyot (T) olan elastik ivme spektrumu eğrisine de 

eksen dönüşümü uygulanmış ve spektral ivme (Sa) - spektral yerdeğiştirme (Sd) eksen takımına 

dönüşümü yapılmıştır. TBDY 2018’e göre performans noktaları belirlenerek Tablo 10’da 

verilmiştir. 

Tablo 10. BKTS 1, 2 ve 3 tip binaların TBDY 2018’e göre x ekseni doğrultusunda performans noktaların 

belirlenmesi 

 Performans noktası 

Bina tipi Tepe yatay yerdeğiştirmesi (m) Taban kesme kuvveti (kN) 

BKTS-1 0.0261 7785 

BKTS-2 0.0676 8719 

BKTS-3 0.1031 9019 

Betonarme karma taşıyıcı sistemlerin x ekseni doğrultuları için performans noktaları 

hesaplanarak Tablo 10’da verilmiştir. Betonarme taşıyıcı sistemlerin doğrusal olmayan itme 

analizi TBDY 2018’e göre ETABS 19-0.2 programı ile gerçekleştirilmiştir. Gerçekleştirilen 

itme analizi sonucunda, BKTS-1 tipi binada beşinci adımı, BKTS-2 tipi binada altıncı adımı ve 

BKTS-3 tipi binada dokuzuncu hesap adımı yapı sistemlerinin performans 

değerlendirilmelerinin yapılacağı hesap adımları olarak belirlenmiştir. Performans noktalarında 

deprem istemlerinin karşılaştırılması için tepe yatay yerdeğiştirmeleri, taban kesme kuvvetleri, 

kat kesme kuvvetleri, göreli kat ötelenmeleri ve hasar gören elemanların oranları farklı tip 
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binalar için elde edilerek karşılaştırılmıştır. Üç farklı betonarme taşıyıcı sistemin TBDY 2018’e 

göre hesaplanan tepe yatay yerdeğiştirmelerinin karşılaştırmalı grafiği çizilmiştir. Tepe yatay 

yerdeğiştirme miktarının karşılaştırmalı grafiği Şekil 7’de verilmiştir. 

 

Şekil 7. TBDY 2018’e göre hesaplanan tepe yatay yerdeğiştirme miktarının karşılaştırma grafiği 

Üç farklı betonarme taşıyıcı sistemin doğrusal olmayan analizlerinin sonucunda elde edilen 

taban kesme kuvvetleri TBDY 2018’e göre hesaplanmıştır. Doğrusal olmayan itme analizi 

ETABS 19-0.2 programı ile gerçekleştirilmiştir. Gerçekleştirilen analizlerin sonucunda elde 

edilen taban kesme kuvvetlerinin karşılaştırmalı grafiği Şekil 8’de verilmiştir. 

 

Şekil 8. TBDY 2018’göre elde edilen taban kesme kuvvetlerin karşılaştırmalı grafiği 

Doğrusal olmayan itme analizinin sonuçlarına göre performans noktaları TBDY 2018’e göre 

elde edilmiştir. Elde edilen performans noktalarına göre göreli kat ötelenmenin miktarı 

hesaplanmıştır. Göreli kat ötelenmelerin karşılaştırmalı grafiği Şekil 9’de verilmiştir. 
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Şekil 9. Betonarme taşıyıcı sistemlerin görelik kat ötelenmelerin karşılaştırmalı grafiği 

BKTS-1, BKTS-2 ve BKTS-3 olan binaların doğrusal olmayan itme analizi gerçekleştirilerek 

performans noktaları TBDY 2018’e göre belirlenmiştir. Performans noktasında hesaplanan kat 

kesme kuvvetlerinin miktarı hesaplanmıştır. Hesaplanan kat kesme kuvvetlerinin 

karşılaştırmalı grafiği Şekil 10’da verilmiştir. 

 

 

Şekil 10. Taşıyıcı sistemlerin kat kesme kuvvetlerin karşılaştırmalı grafiği 

TBDY 2018’e göre betonarme karma taşıyıcı sistemlerinin performans noktalarında hasar 

gören elemanların oranları elde edilmiştir. Elde edilen hasar gören elemanların oranları 

karşılaştırmalı grafiği Şekil 11’de verilmiştir. 
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Şekil 11. Hasar gören elemanların oranları karşılaştırmalı grafiği 

Sonuç 

TBDY 2018’e göre tanımlanan düşey yük miktarı, plastik mafsal özellikleri ve çatlamış kesit 

rijitlik oranlarına göre elde edilen analiz sonuçları değişmektedir. Betonarme karma taşıyıcı 

sistemlerin doğrusal olmayan itme analizlerinden elde edilen verilerine göre aşağıdaki sonuçlar 

elde edilmiştir. 

- Kapasite eğrilerin karşılaştırmasından 3 katlı bina, 5 ve 7 katlı binalara göre daha fazla 

rijit davranış göstermiştir. Betonarme karma taşıyıcı sistemlerin kat sayısı arttıkça 

binanın rijitliği azalmaktadır.  

- Betonarme karma taşıyıcı sistemlerin doğrusal olmayan itme analizi sonucunda tepe 

yatay yerdeğiştirmesi miktarı kat sayısının artırılması durumunda artmaktadır. 7 katlı 

binada tepe yatay yerdeğiştirmesi miktarı 5 ve 3 katlı binaların tepe yatay yer 

değiştirmesine göre daha fazladır. 

- Betonarme karma taşıyıcı sistemlerin doğrusal olmayan analiz sonuçlarına göre elde 

edilen taban kesme kuvveti miktarı kat sayısının artırılması durumunda artmaktadır. 7 

katlı binadan elde edilen taban kesme kuvveti 3 ve 5 katlı binalardan elde edilen taban 

kesme kuvvetlerinden daha fazladır. 

- 3 farklı tip betonarme karma taşıyıcı sistemlerin elde edilen sonuçlarına göre, göreli kat 

ötelenme miktarı kat sayısı yükseldikçe artmaktadır. Göreli kat ötelenme miktarın artışı 

BKTS-1 ve BKTS-2 tip binalarda birinci ve ikinci katlarda artmakta ve değer katlarda 

azalmaktadır. BKTS-3 olan binada göreli kat ötelenme miktarı birinci ikinci ve üçüncü 

katlarda artmakta ve daha yüksek katlarda azalmaktadır.  

- Doğrusal olmayan itme analizlerinden elde edilen sonuçlara göre kat kesme 

kuvvetlerinin miktarı üst katlardan alt katlara doğru artmaktadır. Çatı kattaki kat kesme 

SH% KH% GÖ%

BKTS-1 93.7 6.3 0.0

BKTS-2 83.2 16.8 0.0

BKTS-3 78.2 21.8 0.0
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kuvvetleri bir alttaki katlardaki kat kesme kuvvetlerinden daha düşük olarak elde 

edilmiştir. 

- Doğrusal olmayan itme analizlerinden elde edilen sonuçlarına göre, betonarme karma 

taşıyıcı sistemlerin performans noktalarında hasar gören elemanların sayısı yüzde olarak 

elde edilmiştir. BKTS-1 tip binanın doğrusal olmayan analiz sonuçlarına göre yapısal 

elemanların %93.7’i sınırlı hasar bölgesinde, %6.3’i kontrollü hasar performans 

düzeyinde ulaşılmıştır. BKTS-2 tip binada, doğrusal olmayan analizin sonuçlarına göre 

yapısal elemanların %83.2’yi sınırlı hasar, %16.8’i kontrollü hasar performans düzeyine 

ulaşmıştır. BKTS-3 tip binada, performans analizi sonuçlarına göre, yapısal elemanların 

%78.2’yi sınırlı hasar, %21.8’i kontrollü hasar performans düzeyinde ulaşmaktadır. 

Tüm betonarme karma taşıyıcı sistemlerin performans analizinden elde edilen 

sonuçlarına göre, performans noktasında elemanları göçme önlenmesi hasar sınırına 

ulaşmamaktadır.  
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A Survey on the Scalability of Bitcoin  

Saadia Elgati1, Seçkin Arı2 

Abstract 

Bitcoin has been a popular digital currency recently since it does not rely on any third-party 

authority to operate contrary to traditional currencies. Instead, transactions in Bitcoin are 

recorded in a distributed public ledger called the blockchain. The rising popularity of Bitcoin 

has made scalability a fundamental issue. The most important concern is the ability of Bitcoin 

to scale to support the high volume of transactions when it’s widely used. Many solutions have 

been proposed to address the scaling bottlenecks. Some of them focused on increasing the 

transaction throughput by increasing the block size or reducing the transaction size which is 

considered an on-chain solution. Other proposals include off-chain solutions that make use of 

the network and process transactions outside the main chain. In this paper, we introduce the 

causes behind the scalability problems of Bitcoin cryptocurrency and we discuss and analyze a 

variety of proposed solutions from different perspectives. Finally, we compare different 

solutions listing the benefits and drawbacks of each solution, and provide some directions for 

solving the scalability issue. 

 Keywords: Blockchain, Bitcoin, Scalability, Cryptocurrency. 

 

1. Introduction 

Bitcoin has attracted a lot of attention since it was the first decentralized digital currency 

created. Bitcoin is a peer-to-peer payment solution that does not require banks or financial 

institutions to operate. It was first introduced in 2008 as a white paper and implemented in 

January 2009 by Satoshi Nakamoto [5]. Transactions in Bitcoin are included into blocks which 

are connected to each other using cryptography constructing what we call the blockchain. 

Blockchain is a public distributed ledger in which the data is distributed among users in a way 

that makes it difficult to tamper with. Despite its success, the Bitcoin’s blockchain suffers from 

various scalability issues [31,18,13,6]. One issue is the block size which results in low 
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2 Sakarya University Department of Computer and Information Engineering. 
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transaction rates per second (tps). Bitcoin can process only seven transactions per second at 

most and targets 10 minutes between blocks. In other words, the confirmation and then, 

encoding a transaction in the blockchain takes 10 minutes. A new block is added almost every 

ten minutes and transactions are confirmed again by the Bitcoin network. Sometimes some 

Bitcoin companies might require more than one confirmation, generally six confirmations are 

required to decrease the probability of double spending or transactions being reversed, and this 

takes almost an hour. Bitcoin’s block size limit is currently 1MB. Therefore, Bitcoin’s highest 

throughput is seven transactions per second nowadays [1]. In comparison, Visa, for example, 

can handle 4000 transactions/sec on average [32]. Thus, there is a huge scalability issue which 

needs to be solved if Bitcoin would like to compete with a global payment system such as VISA. 

If Bitcoin scalability is not improved, fees of transactions will increase, and users will move to 

other appropriate forms of payment. Researchers have proposed many solutions to solve 

Bitcoin’s scalability problem. Some tried increasing the size of the blocks yielding hard forks. 

Other approaches are adding layers on top of Bitcoin. An example is the Lightning Network, 

which is a network of micropayment channels [12]. In this paper, we attempt to investigate 

Bitcoin scalability issues, discuss and analyze different proposed solutions. The remainder of 

the paper is organized as follows: Section 2 presents an overview of Bitcoin’ scalability issue 

and the different scaling solutions proposed. In section 3, the first layer solutions are presented. 

In Section 4, the second layer solutions are discussed. Section 5 provides an overview of 

distributed ledgers-based protocols. In section 6, network layer solutions are introduced. In 

section 7, we compare and analyze different proposed solutions from different perspectives. 

Finally, we conclude in section 8. 

2. Scalability 

There are mainly three aspects that should be considered when building blockchains: security, 

decentralization and scalability. Bitcoin was designed to be decentralized and secure. 

Therefore, the core feature of scalability was sacrificed, since Bitcoin’s processing speed is too 

slow. This is because a distributed consensus is required to achieve full decentralization and 

high level of security, which takes great amount of time. Recently, some researchers have 

studied on effective solutions to achieve more scalable systems. However, most available 

solutions focused on enhancing the scalability but sacrificed other essential attributes, like 

decentralization and security. In this paper we classified Bitcoin’s scaling solutions into four 

categories (Figure1):  Layer-1 on-chain solutions, layer-2 off-chain solutions, distributed 
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ledgers and network layer. 

 

                                          Figure1: Different proposed scaling solutions. 

3. First Layer Solutions 

The first layer or on-chain solutions refer to the changes made onto the elements within the 

underlying blockchain in order to increase the scalability, such as the block size or the block 

interval. Increasing block size improves the throughput by rising the number of transactions 

included in every block. However, it causes the block propagation delay so that forks frequently 

occur, thus leading to lower security properties and increase the costs to maintain the chain 

while affecting the decentralization of the distributed network. 

A well-known solution in Bitcoin is Segwit (Segregated Witness) [24] that aims to increase the 

transaction throughput by reducing the size of transactions. To verify the authentication, 

transactions contain digital signatures that occupy two-thirds of the stored data inside a block. 

Segregated Witness, as its name indicates, separates signature data (witness) of Bitcoin 

transactions. This frees up space and allows more transactions to be added into a single block. 

Hence, increasing the throughput of the network. In addition, Segwit solves transaction 

malleability and supports the use of Side-Chains and Smart Contracts in Bitcoin [33][34]. 

Nevertheless, it makes the code more complex and increases the number of transactions 

processed, leading to increase the usage of resources. 

In Bitcoin community, it is believed that Segwit does not solve the scalability issue. Therefore, 

despite the downsides of increasing the block size, a part of community chose to simply increase 
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the block size limit from one megabyte to eight megabytes causing a hard fork and leading to 

the creation of a new and competing coin called Bitcoin Cash (BCH). There have been many 

hard forks within Bitcoin’s journey such as Litecoin and Dash, but the BTC-BCH hard fork 

was probably one of the most debated hard forks. 

Bitcoin-NG is another solution among on-chain solutions that focuses on block interval more 

to improve the scalability of Bitcoin. Bitcoin-NG, a scalable blockchain protocol, is based on 

bitcoin consensus protocol. It separates the operation into two sections: leader election and 

block production [11]. It divides time into epochs, in each epoch one leader is selected to be 

responsible for transaction serialization. In Bitcoin-NG, there are two types of blocks, the key-

block and the micro-block. The key- block requires a proof of work (PoW), but do not contain 

any transactions and used for leader election every 10 minutes. However, the micro-blocks are 

issued by the elected leader and they contain transactions without requiring PoW. Leaders 

generate multiple micro-blocks until they receive a key block broadcasted by another leader. 

Bitcoin-NG managed to significantly improve the scalability, but its key blocks are still slow 

to generate, so the confirmation time remained long. 

To overcome the drawbacks of Bitcoin-NG, Byzcoin [28] was proposed. It combines PoW and 

Byzantine consensus [62] and uses committee election instead of a single leader to produce 

collectively signed transaction blocks adopting a protocol called CoSi [22]. It succeeds to 

improve the throughput but a malicious leader can any time disrupt the liveness of the system 

by not generating any micro-block. Thus, the security becomes an issue.  

To solve the security problem, Repucoin [27] was proposed. Repucoin introduces the concept 

of “reputation”. The power of a miner is defined by its reputation instead of its computational 

power. Reputation is measured based on the miner's built-in performance and its regularity over 

the time of the entire blockchain. In Repucoin, the keyblocks are used for leader election and 

the consensus committee, similar to Byzcoin. Also, leaders are randomly selected from the most 

reputable miners. If a miner is not performing as expected its reputation decreases even if it has 

high computational power. Repucoin achieves high transaction throughput and is resilient to 

51% attacks. However, it still suffers from waste of energy. 

4. Second Layer Solutions 

The second layer or off-chain solutions reduce the load on the main chain by processing 

transactions outside the blockchain saving space and reducing network congestion. 
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Lightning Network [12] is a typical example of a second layer scaling solution for Bitcoin. 

The Lightning network is designed to reduce the congestion on the main blockchain by taking 

the transactions off the main chain. Thus, off-chain channels are created to help facilitating 

instant transactions with lower fees. A lightning network uses channels to make or receive 

payments between two parties without informing the main blockchain. It is only updated on the 

main blockchain when a channel is opened or closed. This approach decreases the block 

confirmation time because all transactions do not require the approval of the whole network.  

We will explain how lightning network works with a practical example. Suppose Alice wants 

to pay Bob, first a channel with Bob will be opened. This is an on- chain operation that takes a 

transaction fee in the main blockchain. Then Alice has to deposit the bitcoin in the multi-sig 

address that Alice and Bob shared. After the channel is opened, Alice and Bob can start signing 

transactions between each other outside the main chain as long as they want. The transactions 

are instant and do not cost any fees. In case Alice wants to pay Carol and she does not have a 

channel with her, she can connect with her through Bob as shown in the figure below. 

Therefore, Users can be connected indirectly and can route transactions constructing a network 

of lightning nodes. 

Alice

Eric Diana

Carol

Bob

Payement 
Route

Payment Channel

 

Figure 2. A series of bidirectional payment channels linked to form a Lightning Network. 

The advantage of lightning network is that the transactions are faster and transaction fees are 

reduced which enables instant micro-payments. It also improves the overall privacy by 

increasing the user anonymity. The parties can make payments without revealing their 
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identities. Also, transactions can be made across blockchains without involving any third party. 

Although it solves the scalability problem of bitcoin to some extent, lightning network has a 

couple of limitations. One of them is that lightning network does not support offline payment. 

So, if one of the parties is not responding, the users might wait for hours. Another drawback of 

lightning network is that it requires complex routing topologies. 

  Another implementation of off-chain transactions is Duplex Micropayment Channels 

(DMC) [13]. It is similar to lightning network with one main difference between them. 

Lightning network needs to exchange private keys for the contract state to be changed, Duplex 

Micropayment Channels use time-locks. 

5. Scalable Distributed Ledgers  

In this section, we will discuss protocols that use directed acyclic graphs (DAGs) instead of 

traditional blockchains. One benefit of DAGs is that due to its data structure, it abstractly 

permits to process unlimited number of transactions.  

GHOST [17] is one such protocol that aims to improve the scalability of Bitcoin by replacing 

the longest chain by the heaviest observed subtree. It makes use of orphaned blocks (forks) to 

achieve a more secure and scalable system. At each fork in the chain, the side with the heaviest 

subtree is selected. Figure 3 illustrates an example of a greatly forked chain. A private chain of 

six blocks (1A, 2A..., 6A) is created by an attacker. It is obviously longer than the honest 

network's longest chain (1B,2D..., 5B). GHOST will pick the heaviest subtree at each fork 

starting from genesis block (block 0 in Figure 3). Thus, it will make it hard for the attacker to 

win. 

 

Figure3: Main chain according to GHOST. 
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In GHOST, liveness and safety are satisfied, fairness among miners and the use of mining 

power are improved. However, to determine the main chain, the full tree should be available to 

all nodes. Thus, all the blocks should be broadcasted making the system susceptible to denial-

of-service attacks. 

INCLUSIVE PROTOCOL [18] proposes the use of block DAGs. Thus, it changes the 

blockchain structure to a directed acyclic graph allowing to include both the weight and the 

transactions of the stale blocks. Therefore, each block references all known predecessor blocks 

and include their transactions. The throughput is improved by including stale blocks into the 

blockchain. This approach improves fairness and mining power utilization. However, it is still 

not secured.  

SPECTRE [19] is a Directed Acyclic Graph (DAG) based protocol. Spectre allows miners to 

create blocks concurrently in a very high rate. In Bitcoin, while increasing the block creation 

rate, the main problem is that the blocks are created in parallel at the same time. Such blocks 

will be discarded by Bitcoin’s protocol if they are not included in the longest main chain. 

Spectre in contrast, includes the parallel blocks and each block might refer multiple 

predecessors constructing a Direct Acyclic Graph structure as shown in figure 4. 

1

2

3

4

6

7

9

10

85

Time

 

Figure4: Blocks refer to several predecessors. 

The blocks in Spectre might have conflicting transactions because they were created in parallel. 

The core of the protocol is the way it resolves this conflict and selects accepted transactions. 

For each pair of blocks, x and y, Spectre defines whether x <y or y<x over the blocks. x<y 

means that x is before y in the order of precedence. A transaction included in block x is 

considered accepted if block x is before all blocks that contain conflicting transactions. This is 
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done via a pairwise voting algorithm which decides the order of blocks in the DAG.  All blocks 

in the DAG participate in the voting scheme.  

Spectre provides high throughput and fast confirmation times and prevents double spend 

attacks. However, it suffers from weak liveness and the calculations done to solve conflicts 

between blocks are complex and inefficient. 

PHANTOM [58] is also a blockDAG (directed acyclic graph of blocks) protocol that is similar 

to Spectre. It differs from Spectre in that it does a strict linear ordering over the blocks in the 

directed acyclic graph. Thus, it is functional for smart contracts systems. Phantom is secure and 

scalable. However, it scarifies the speed. 

6. Network Layer Solutions  

To improve data transmission and reduce the transaction propagation and verification delay 

some solutions are proposed. FIBRE (Fast Internet Bitcoin Relay Engine) is designed to provide 

high-speed transfer of blocks among the nodes in the network. Available FIBRE nodes are 

distributed all over the world so that to miners connect to them to send and receive blocks. 

FIBRE can easily be added to Bitcoin core pools. The main drawback of FIBRE is that it 

increases centralization and reduces fairness.  

Invertible bloom lookup tables are also used in Bitcoin to achieve lower transaction exchange 

latency between peers.  

Another way proposed in [29] by Muntadher Fadhil, Gareth Owenson and Mo Adda, is 

Location Based Clustering (LBC), it is a mechanism that aims to reduce the transaction 

propagation delay in the Bitcoin network. In this method, the nodes deployed in the same 

geographical location are grouped together to form a cluster. The nodes within the same cluster 

are highly connected and the communication cost is reduced. 

Three approaches to improve the information propagation are also proposed by Decker and 

Wattenhofer [4]. In Bitcoin, the messages are propagated using an advertisement (inv message) 

after verification. If a node receives data from another node, it will send an inv message to all 

its peers about the data.  If a peer does not get the data, it will request it from the sender of the 

inv message with a getdata request. After receiving the getdata request, the object will be 

delivered as shown in Figure 5 between the nodes A and B. 
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Verification

Node A

Node B

 

Figure 5: Messages exchanged in order to forward a block message. 

At this way of broadcasting messages, a propagation delay occurs. Therefore, the solutions 

proposed by Decker and Wattenhofer are:  

• Minimizing the verification 

• Pipelining block propagation 

• Connectivity increase (maintaining large pools to decrease the distance between nodes 

in the network). 

7. Comparison and Analysis  

In this paper, we organized scalability solutions into four categories: on-chain also named first 

layer solutions, off-chain or second layer solutions, network layer solutions and distributed 

ledgers solutions. Existing solutions for scalable Bitcoin are a compromise between scalability, 

decentralization and security. Table 1 shows the comparison of the existing solutions in terms 

of consensus algorithm, throughput and security, the advantages and disadvantages of the 

technologies included in each category. Most of the methods increase throughput. However, 

on-chain solutions cause some security problems, so that off-chain solutions have emerged. 

Off-chain approaches lower the load on the main blockchain and reduce the cost. Nevertheless, 

they are just suitable for small payments. Distributed ledgers solutions are emerged to allow 

infinite number of transactions to be processed, but they require complex calculations. The 

solutions based on Network layer focus on transactions propagation and network latency, the 

proposed solutions showed improvements but alone are not enough to reach a good scalability. 

Although all the existing approaches and works to improve the scalability, it is still 

a challenging new research field. 
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In addition, the performance of most proposed solutions is only qualitatively discussed, but 

not quantitatively analyzed. 

Exploring all the available solutions, their advantages and drawbacks will help to build a more 

scalable system in the future avoiding the bottlenecks of previously proposed systems. For 

instance, combining one of the network layer solutions with distributed ledger ones will be a 

good solution to think of. 

Disadvantage Advantage Security Throughput Consensus Solution 

Not being used 

by enough 

Nodes 

helps to apply 

different 

scalability 

solutions to 

Bitcoin 

51% 

attack 

Block size up to 

4MB and 20 tps 

 

PoW Segwit 

Occurrence of 

forks 

Low performance 

High 

transmission 

limit 

51% 

attack 

Block size up to 

8MB(BTC-BCH) 

32 MB (BTC-

ABC) 128 (BTC-

SV) 

PoW Big block 

fairness and 

mining power 

utilization 

problems 

Improve 

latency and 

throughput 

51% 

attack 

Only limited 

throughput 

by the processing 

capacity of nodes 

PoW Bitcoin-NG 

Susceptible to 

DoS attacks and 

fragile under 

strong 

adversaries 

Improve 

throughput 

25% 

attack 

The throughput is 

two orders of 

magnitude higher 

than Bitcoin 

PBFT /PoW Byzcoin 

Waste of energy Improve 

throughput and 

secure 

Resilient 

to 51% 

attack 

10000 Tps Reputation-based 

Byzantine Consensus 

Repucoin 

Not used for large 

payment 

and suffer from 

technical 

problems 

Almost no 

transaction fee 

and waiting 

time 

- allows for nearly 

instant 

transactions. 

Millions tps 

Multi-signature 

(off-chain) 

Lightning 

Network 

Complex High 

throughput 

- Endless of 

transactions can be 

handled 

Multi-signature 

(off-chain) 

Duplex 

Micropayment 

Channels 
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Vulnerable to 

DoS attack 

Improve 

mining power 

and fairness 

51% 

attack 

Large amount of 

transactions per 

second 

PoW Ghost 

Selfish mining High 

throughput and 

fairness 

51% 

attack 

Large amount of 

transactions per 

second 

PoW Inclusive 

Blockchain 

Protocol 

Complex High 

throughput 

51% 

attack 

Fast confirmation 

time and large 

blocks 

PoW Spectre 

Low speed Secure, strong 

liveness 

- High throughput PoW Phantom 

Table1: Comparison of enabling technologies for scalable Bitcoin. 

8. Conclusion 

In this paper, we discussed the scalability issue of Bitcoin. We defined the causes behind it and 

introduced the solutions proposed to solve it. The scalability issue was divided into categories. 

We presented existing enabling technologies for scalable Bitcoin in each category and we 

provided a detailed comparison and analysis of each one of them. Although there are plenty of 

solutions proposed there is every time new challenges that appear. This survey can serve as an 

overview of Bitcoin scalability issue in general and provide a clear insight into the different 

proposals that aim to overcome this problem. 
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Using of Mushroom Waste for the Improvement of Pavement 

Life in Turkey 

Saadoon Obaid Eyada1,  Yavuz Yenginar2,  Silda Doori3 

Abstract 

Bio-Char (BCh) is one of the products of Pyrolyzation of Biomass. It is used as fertilizer for 

soil and planting. The application of this material in the field of soil stabilization has not been 

used yet. In this work, Mushroom Spent Compost (MSC) is converted to BCh using pyrolysis 

technique. The BCh was mixed with Low Plasticity Clay (CL) soil and was mixed with different 

types and percentages of alkaline activator to produce newly known Geo-Char (GCh). The aim 

was to find a new method for soil stabilization using waste material. The results were assessed 

using Unconfined Compressive Strength (UCS) test.  The results showed that there was a 

significant increase in soil strength (UCS) by 228% when soil was mixed with 10% of BCh. 

Mixing of sodium hydroxide (NH) and calcium hydroxide (CH) with 10% of BCh to produce 

GCh increased the UCS by 190% and 1521% respectively. Using of CH to synthesize GCh, 

increased the soil strength (UCS) after 28 days of curing by 1521%. Meaning that CH-Based 

GCh improved the strength of soil by about 15 times. The Mechanistic Empirical pavement 

analysis showed the significant of using BCh and GCh to enhance the FL and RL of pavement 

structure. CH-Based GCh doubled pavement life several times while NH-Based GCh increased 

pavement life between 33-200%. BCh increased pavement life between 34-300%. The increase 

in FL and RL can decrease the cost of periodic rehabilitation of pavement. The results showed 

the cost effectiveness of using BCh and GCh for soil improvement. The results also revealed 

that reuse of mushroom waste in soil improvement can reduce the harmful effect on the 

environment in Turkey.  

Keywords: Geopolymer, Bio-Char, Geo-Char, Soil improvement, Alkaline activator, 

Mushroom waste, M-E pavement analysis. 
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1. Introduction 

The improvement of soil strength is a very useful technique for road, airfield and other 

applications in civil engineering. Soil stabilization can be achieved by alteration of one or more 

of soil properties to create an improved soil structure of enhanced engineering properties. The 

use of soil stabilization products for the stabilization of fine-grained soils includes the use of 

traditional materials i.e. cement, lime, cement kiln dust and coal fly ash, or non-traditional 

stabilizers, which can be subdivided into four groups after Scholen: (1992) [1, 2] electrolytes, 

enzymes, clay fillers, and acrylic polymers.  

The disadvantages of using these materials are; high cost (e.g. polymers) and adverse effect on 

environment (e.g. cement) [3, 4]. 

Geopolymer is an inorganic material formed via interaction between alkaline activator and 

materials containing Alumina and Silica.  Through which the polycondensation process is 

taking place where the tetrahedral Silica (SiO2) and Alumina (AlO4) are linked together through 

sharing the oxygen atoms.  In general, the chemical structure of geopolymer can be expressed 

in the form of  Mn[-(SiO2)q-AlO2-]n [5, 6]. Where (M) is alkali cation, (n) is the degree of 

polycondensation and (q) is Si/Al ratio.  

Researches showed that using wide range of materials such as, furnace slag, fly ash, rice husk 

ash and metakaolin can produce geopolymers with high compressive strength, less shrinkage 

susceptibility, acid and good fire resistance properties [7-9].  

Geopolymer applications in soil stabilization are limited. The researches in this field can be 

considered rare. Kim et al. (2011) enhanced the properties of loess paste through 

Geopolymerization. Alkali solutions were used for this purpose. The results showed the 

feasibility of using geopolymer in stabilization of loess soil [10]. 

Swain (2015), stabilized two difficult soils; expansive and dispersive soils with geopolymer. 

Sodium-based alkaline activator and fly ash were used to produce geopolymer. It was found 

that 40 % of Fly ash and between 10-20 % of bentonite enhanced the UCS and reduced swelling 

potential of the soil [11].  

Legrans and Kondo (2015) studied the effect of geopolymerization of dredged soil using 

electric arc furnace slag waste from steel manufacturing. The results were investigated in term 

of UCS. An improved strength was achieved through geopolymerization process. It was found 

that the strength of mixture is affected by mixing ratio rather than curing time [12]. 
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Rios et al. (2016) investigated the soil stabilization using geopolymer made from fly ash and 

alkaline solution for the application in unpaved low volume roads. The UCS results of 

geopolymer soil was improved and the strength was similar to cement-stabilized soil used in 

low volume roads [13].  

In a study by Zhang et. al. (2013), a lean clay was stabilized with metakaolin-based geopolymer 

at different concentrations and the feasibility of geopolymer was investigated. The results 

showed that UCS, failure strain and elastic modulus of the stabilized soil was increased wile 

shrinkage strains during curing decreased at certain ratio of geopolymer. It was concluded that 

metakaolin geopolymer can be used for soil stabilization [4].  

One of the major wastes during the cultivation of mushrooms is Mushroom Spent Compost 

(MSC) as shown in Figure 1. For the cultivation of 1kg of mushroom, about 5 kg of MSC are 

disposed as a waste. The amounts of  MSC disposed in EU is about 5.6 million Mg per year 

[14, 15]. The white mushroom (Agaricus bisporus) is grown on bedding consisting mainly of 

straw and poultry manure. The production of mushroom takes about 6 to 8 weeks. After this 

period, the MSC cannot be reused again for the production and there is a need to be treated or 

disposed [15, 16].  

In 2010, the annual production of Turkey from mushroom was 86236 tons [17].  This can 

produce about 400000 tons of MSC. Reuse of these large quantities can provide economic 

benefits to Turkey.   

 

 

 

 

 

 

 

 

Figure.1. Photograph of MSC. 

Many researchers investigated the use of MSC as fertilizer for soil and planting [16]. It was 

found that MSC does not always meet the criteria as a fertilizer due to the high variability of 
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the compost parameters such as N, P, Ca, Na, Mg, Cr, Cd, biogenic elements, pH and 

electrolytic conductivity. 

As a result, it is important to find new solutions to reuse MSC in terms of cost effectiveness 

and protection of environment which are the most significant goals of this work. 

Today, pavement construction and rehabilitation costs are rising dramatically. It is essential to 

use tools and approaches that facilitate proper decision-making by applying new approaches 

for the determination of pavement life. Mechanistic-Empirical Pavement Design (MEPD) 

approach is considered the state of the art of pavement design. MEPD can be used for the 

analysis of pavement responses due applied loads and taking in consideration the effect of 

climate and material properties. The responses are used in an empirical models for the 

determination of pavement life [18].  

1.1. Objectives  

(1) Improving the properties of soil using BCh and GCh which could be an economical 

solution for millions of tons of MSC waste. 

(2) Decreasing the adverse effect of MSC wastes on the environment. 

Accordingly, this paper describes the potential utilization of BCh produces from MCS as an 

active material for the production of GCh by mixing BCh with Low Plasticity Clay (CL) soil 

using Alkaline Activator (AA)  as a new method for soil stabilization. Ten percentage of BCh 

were mixed with soil and AA using different types of hydroxides (NaOH and Ca(OH)2). AA 

was prepared by mixing one portion of Sodium Silicate (SS) with two portions of each type of 

hydroxide. The Optimum Moisture Content (OMC) of each mix was determined using UCS 

test method following the procedure conducted by Sharma and et al. [19]. Samples were cured 

in moisture condition for 14 and 28 days. UCS test was conducted to characterize the 

mechanical properties of GCh.   

Mechanistic-Empirical (M-E) analysis of the proposed pavements was conducted for the 

determination of pavement life in term of Fatigue Life (FL) and Rutting Life (RL).  

2. Experimental Work  

2.1. Materials and Methods 

2.1.1. MSC 
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The MSC was obtained from local company in Konya, Turkey. The white mushroom (Agaricus 

bisporus) waste was used for the production of BCh using pyrolysis process. It was dried in the 

oven for 48 hours at 60 oC before it can be used in the pyrolysis process.  

2.1.2. Bio-Char 

Two litters of dried MSC were added to the reactor of pyrolysis instrument. The pyrolysis 

temperature was increased at a rate of 5 oC/min for about 2 hours. The maximum temperature 

at the peak was 484 oC. The yield of BCh from MSC was 58%. The BCh was extracted from 

the reactor and milled using roller mill for about 3 hours. The BCh powder used in testing 

program was sieved using sieve No.200 (less than 75 micron). Figure 2 shows an image of 

Scanning Electronic Microscopy (SEM) of BCh. The results of SEM of BCh are shown in Table 

1.  

 

 

 

 

 

 

 

 

Figure.2. SEM image of BCh. 

Table 1. The results of SEM test of BCh. 

Element  Weight, % Atom, % 

Oxygen  43.78 68.39 

Silicon  17.11 15.23 

Calcium  2.58 1.61 

Potassium 1.16 0.74 

Aluminium  2.13 1.97 

Carbon 4.24 8.83 

Magnesium 1.67 1.72 

Iron  0.94 0.42 

Sodium  0.67 0.72 

The results of X-Ray Diffraction (XRD) test are shown in Figure 3, while the percentages of 

chemical composition are tabulated in Table 2.  



7th International Student Symposium 
 

340 

www.internationalstudentsymposium.com/en/ 
 

 

 

 

 

 

 

 

Figure.3. XRD scheme of BCh. 

Table 2. The results of XRD test of BCh 

 

 

 

 

The results of SEM show that there is a large amount of Oxygen. These amounts are consumed 

in the interactions with Al, Si and Ca for the formation of AlO, CaO and SiO2. This agreed 

with the results of XRD which showed that there is a high percentage of AlO (Aluminate) which 

is the main compound in the manufacturing of geopolymer. Aluminate condensation reactions 

involving aluminate species appear to occur much more readily than silicate due to positive 

partial charge of the Al atom [20]. 

2.1.3. CL Soil 

This type of soil is distributed over a large area in Konya city in Turkey. The properties of the 

soil are tabulated in Table 3. The gradation of the soil is illustrated in Figure 4. This type of soil 

consists mainly of clay and sand. It is well known that this type of soil has a high potential for 

collapse [21].  

Table 3. The basic properties of CL soil. 

Property  Value Standard  

Liquid limit, wL  35.2 % ASTM D4318 (ASTM 2010) 

Compound Formula  % 

SiO2 4.1 

AlO 49.3 

K2O 20.8 

CaO 2.8 

Fe2O3 23 
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Plastic limit, wP  20.4 %  

Plasticity index,  14.8 %  

Clay+Silt fraction  65.3 % ASTM D2217 (ASTM 1998) 

Sand fraction  25.15 %  

Soil classification  CL ASTM D2487 (ASTM 2011) 

 

 

                            Figure.4. Gradation of CL soil. 

2.2. Blends and Tests 

The experimental plan consists of trial blends by mixing soil, BCh and AA. Table 4 illustrates 

the blends used in testing program. 

Table 4. Blends properties and OMC of each blend. 

Blend type BCh % Hydroxide  

type 

AA=SS/H OMC Dry density at 

OMC 

SB0 0 - 0 19 1.71 

SB10 10 -  0 22.5 1.61 

SB10S 10 NaOH 0.5 27.5 1.51 

SB10Ca 10 Ca(OH)2 0.5 29 1.57 

 

2.2.1. Geo-Char  

For the preparation of GCh, 8 M of calcium hydroxide (CH) or sodium hydroxide (NH) was 

prepared. AA was produced by mixing one fraction of SS with two fractions of CH or NH. The 

mix was left overnight at room temperature. Next day, a dry blend of (10% BCh and 90% soil) 

was mixed and a specified amount of AA and water was added to the dry blend and was mixed 

for 5 minutes. To prepare samples, 300gm of the blend was poured into a cylindrical mold of 

47 mm diameter and 90 mm height and compacted according to ASTM D1632[22].The sample 
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is left in the mold for 24 hours in a moist condition. After 24 hours, the sample is extracted 

from the mold and kept in moist condition (sealed bag) for the conducting of UCS after 7 and 

14 days. 

2.2.2. OMC of Blends 

The OMC of the each blend was determined following the procedure conducted by B. Sharma 

et al. [19]. Table 4 tabulated the OMC values of each blend.  

Figure 5, shows the Moisture-Density relationship of each blend. SB10K and SB10S are 

submerged in one curve.  

 

Figure.5. Moisture-Density relationship of blends. 

2.2.3. UCS Test 

Before testing, the mass and dimensions of the sample were recorded. The sample was placed 

centrally on the lower platen of the compression testing machine. The force was applied with a 

controlled strain rate of approximately 1 mm/minute. The force was recorded during the test 

until the failure of the sample. The test was conducted according to ASTM D1633. 

Figure 6 shows the test sample and setup. 
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Figure.6. Sample of BCh under UCS testing condition 

2.3.M-E Analysis  

The results of UCS were used in M-E analysis. Since the M-E processes cannot be made by 

hand, the Minnesota M-E design software MnPave ver. 6.3 was used for the calculation of FL 

and RL of the selected pavement structure.  

The properties of each layer of the selected pavement structure are shown in Table 5. A traffic 

loading of 15 million ESAL was selected. Asphalt type B50-70 was used for the asphaltic 

layers. The pavement structure illustrated in Table 5 is commonly used in Turkey for hot climate 

condition. 

Table 5. The implementation program used in the M-E analysis process using MnPave. 

 Pavement structure 

Layer type 
Asphaltic 

Surface 

Asphaltic 

Binder 

Asphaltic 

Base 

Unbound 

Base 

Sub 

base 

Thickness, 

cm 
5 8 10 20 35 

Strength, 

MPa 
- - - 221 125 

One of the inputs of M-E analysis is the Resilient Modulus (MR) of subgrade layer. For this 

reason, the results of UCS of subgrade layer with and without BCh and GCh after 28 days of 

curing were converted to MR using Equation 1 [23, 24] . 

MR(MPa)=0.124 UCS(kPa)+68.8          (1) 

3. Results and Discussion  

3.1. Results of UCS 

Figures 7 and 8 show the results of UCS after 14 and 28 days of curing respectively.  
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Figure.7. The results of UCS after 14 days of curing for different blends 

 

 

Figure.8. The results of UCS after 28 days of curing for different blends 

The results show that adding BCh to the soil increased UCS values significantly. At the 

meantime, using of BCh to produce GCh has a positive effect on the results of UCS. At early 

stage (14 days), the results revealed that UCS of blends using HC (SB10Ca) was very high 

compared to blend containing NH (SB10S). Mixing 10% of BCh with soil increased UCS by 

166%. At the meantime, mixing BCh with CH and NH to produce GCh, increased UCS by 

1228 % and 143% respectively as shown in Table 7. 

The highest UCS value was achieved when using CH to produce GCh where the UCS value 

was increased by 12 times. CH can provide sufficient amounts of the calcium ions and OH− 

which react with water forming the C-S-H and C-A-H gels that responsible for strength gain in 

geopolymer [25, 26].  

Table 7. The enhancement achieved using BCh and GCh after 14 days 

Blend type UCS, kPa % Enhancement 

SB0 136 0 

SB10 362 166 

SB10S 330 143 

SB10Ca 393 1228 

After 28 days of curing, strength gain continued with all blends as shown in Figure 9.  
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         Figure. 9. The effect of curing period on the results of UCS. 

However, there was a significant increase in UCS results when using BCh and GCh compared 

to soil only (SB0) as shown in Table 8.  

Table 8. The enhancement achieved using BCh to produce GCh after 28 days 

Blend type UCS, kPa % enhancement 

SB0 138 0 

SB10 446 228 

SB10S 394 190 

SB10K 2210 1521 

It can be noted that CH provides better enhancement than NH. It is believed that the ion size 

difference is the main factor that plays an important role in the geopolymerization. As 

mentioned previously, CH can provide sufficient amounts of the calcium ions and OH− which 

react with water forming the C-S-H and C-A-H gels that responsible for strength gain in 

geopolymer  in spite that sodium cations have better zeolitization capabilities because they are 

smaller size [27, 28]. 

The results of XRD show that BCh is Aluminate-Rich. When it comes into contact with the 

alkaline solution, it dissolves into several species, primarily alumina monomers. These 

monomers interact to form dimers, which in turn react with each other to form trimers, tetramers 

and so on. When the solution reaches saturation, an aluminosilicate gel, N-A-S-H gel, 

precipitates. This gel is initially Al-rich (called Gel 1, a metastable intermediate reaction 

product) which is responsible for geopolymerization [27]. This explains the increase in UCS 

when soil mixed with BCh. 

3.2.Results of M-E Analysis 

The results of M-E analysis are shown in Figures 10 and 11.  
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Figure.10. The effect of BCh and GCh on the results of RL 

 

Figure.11. The effect of BCh and GCh on the results of FL. 

The results of M-E analysis show that there is a significant increase in RL of pavement using 

BC and GCh. CH-Based GCh increased RL from 2 to 50 years while NH-Based GCh doubled 

the RL of pavement. BCh increased RL by 3 times. On the other hand, CH-Based GCh doubled 

the FL of pavement while NH-Based GCh and BCh increased the FL of pavement by 34% 4 

years.  

4. Conclusions  

This paper presents an experimental study for using BCh and GCh produced from mushroom 

waste for the stabilization of collapsible CL soil in Turkey. Two alkaline activators were used 
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for the production of GCh, NH and CH. The UCS test was conducted for the assessment of the 

results. The M-E analysis was also used to study the effect of using BCh and GCh on pavement 

life. According to the results, the following can be concluded: 

(1) There was a significant increase in soil strength (UCS) after 28 days of curing by 228% 

when the soil was mixed with 10% of BCh. 

(2) The utilization of BCh for the production of GCh using NH, increased the strength of 

soil (UCS) by 190% after 28 days of curing. 

(3) Using of CH to synthesize GCh, increased the soil strength (UCS) after 28 days of 

curing by 1521%. Meaning that CH-Based GCh improved the strength of soil by about 15 times. 

(4) The M-E pavement analysis shows the significant of using BCh and GCh to enhance 

the FL and RL of pavement structure. CH-Based GCh doubled pavement several times while 

NH-Based GCh increased pavement life between 33-200%. BCh increased pavement life 

between 34-300%. The increase in FL and RL can decrease the cost of periodic rehabilitation 

of pavement. 

(5) The results showed the Cost-Effectiveness of using BCh and GCh as a new method for 

soil improvement since it is recycled from hundreds of thousands of waste materials disposed 

to the land in Turkey. 

(6) Recycling of waste materials such as MCS can enhance the environment and reduce 

pollution in Turkey.  
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A Defected 1D Phononic Crystal Based on Fano Resonance for 

Ultra-Sensitive Gas Sensing Applications  
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Abstract 

The defected acoustic band gap materials are promising a new generation of sensing technology 

based on layered cavities. We introduced a novel 1D defected phononic crystal (1D-DPC) as a 

high-sensitive gas sensor based on Fano resonance transmitted window. Our designed (Lead-

Epoxy) 1D-DPC multilayer has filled with a defect layer with different gases at different 

temperatures. In this study, Fano resonance based acoustic band gap engineering has used to 

detect several gases such as O2, CO2, NH3, and CH4. For the first time, Fano resonance peaks 

appeared in the proposed gas sensor structures which attributed to a high sensitivity, Q-factor, 

and figure-of-merit values for all gases. Also, the relation between the Fano resonance 

frequency and acoustic properties of gases at different temperatures has been studied in details. 

The effect of the damping rate on the sensitivity of the gas sensor shows that a linear behavior 

for CO2, O2, and NH3. Further, we introduced the effect of temperature on the damping rate of 

the incident waves inside the 1D-DPC gas sensor. The highest sensitivity and figure of merit 

were obtained for O2 of 292 MHz/(kg/m3) and 647 m3/Kg, respectively. While the highest 

figure-of-merit value of 60oC-1 at 30oC was attributed to O2. The transfer matrix method (TMM) 

is used for calculating the transmission coefficient of the incident acoustic wave. We believe 

that the proposed sensor can be experimentally implemented.  

Keywords: Phononic Crystal, Fano Resonance, Defected 1D Phononic Crystal, Q-Factor, 

Figure-Of-Merit ff Sensor. 
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1. Introduction 

Detection of harmful gases, especially toxic and explosive gases in ambient conditions has a 

significant role in both urban and industrial environments [1]. Gas sensing technology of 

detecting gases such as CO2, CO, CH4, and NOx is considered a vital process to prevent harm 

to human life. Gas sensing can be used for a wide range of applications including the medical 

sector, environmental monitoring, and manufacturing control [2]. For instance, controlling 

respiratory gases in hospitals is being a matter of life or death [3], [4]. Greenhouse gases such 

as CO2 and CH4 are considered as very harmful gases, as they have the property of absorbing 

infrared radiation (IR) emitted from Earth's surface and reradiating it back to Earth's surface, 

thus trapping the heat in the Earth's atmosphere [5], [6]. While O2 is considered a strong oxidizer 

and vigorously accelerate combustion gas [5]. Gas sensors have many different working 

principles based on different methods such as phononic crystal (PC) [1], semiconductor thin 

films [6]–[12], catalytic [13], and optical gas sensors [14]. Among them, the PC-based systems 

are perfect candidates to develop ultrasonic gas sensors [1], as it is well known that PCs are 

considered as the most dispersive materials for acoustics - elastic waves. Moreover, the acoustic 

PC gas sensor is considered as a hot research topic and promising for achieving practical and 

low-cost sensing [1]. PC is a smart periodic structure of solid materials and/or fluids with 

different acoustic wave velocities [15]. The unique property of PC is that it exhibits frequency 

stop and pass bands, these bands caused by the multiple scattering of waves within a PC.  

Recently, using PC as a gas and liquid sensor has attracted significant attention due to its novel 

applications in sensing [16]–[18], wave-guiding [19], [20], acoustic focusing [21], lensing [22], 

[23] and topological phononics [24], [25]. Nevertheless, more advantages of using PC devices 

is the ability to effect on the reference and the target gas by modulating any external influence 

such as pressure, or temperature [26]. On the other hand, the DPC with different gases 

embedded in the solid matrix has exceptional advantages over other ordinary PC [27]. For 

instance, by creating defects and breaking the PC periodicity, resonant modes can be generated 

inside the phononic band gaps, which increase the novelty of such periodic structures more than 

the perfect ones [28]. Since the appearance of the celebrated Fano resonance more than fifty 

years ago [29], Fano resonance attracts great attention due to their featuring sharp asymmetric 

line shape, originating from destructive interference between narrow discrete state and broad 

continuum state [30], [31]. It has great attention due to its potential and wide applications in 

sensors and optical switches [32]. The Fano resonance phenomenon has been studied in PC and 
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other periodic structures and it has been used in the acoustic waveguide techniques of PC 

structures [33].  Mikhail F. Limonov et al., studied theoretically and experimentally the Fano 

resonance, induced transparency, Kerker and Borrmann effects, and parity-time symmetry 

breaking in photonic crystal design [34]. In addition, it introduced in another applications such 

as PC resonators[35], optomechanical devices [36], acoustic-wave guiding [37], and PC 

radiation detectors [38]. On the other hand, the acoustic Fano-resonance based 1D-DPC gas 

sensor system, in which acoustic frequencies have sharp resonance transmission peaks with 

high sensitivity and quality factors did not cover before. It is for the first time to show that the 

Fano resonance that appeared in our designed 1D-PC gas sensor plays dramatic enhancements 

in the gas sensor performance. Moreover, the Fano resonance phenomena don’t appear in all 

previous work of 1D or 2D phon PCs gas sensors as shown in the previous work [1], [39]–[42]. 

In the previous studies, A. Cicek et al., experimentally designed a 2D surface PC for an 

ultrasonic gas sensing [1]. Also, A. Cicek et al., experimentally and theoretically demonstrated 

an ultrasonic gas sensor based on the evanescent coupling of spoof surface acoustic waves 

between two surface PCs towards CO2 [39]. In addition, J. Cheeke et al., represented the 

interaction between the acoustic wave and gaseous species in details [40]. Further, O. Kaya et 

al., represented numerically and experimentally a gas sensor based on a 1D-PC to measure CO2 

level in air [41]. Furthermore, A. Mehaney et al., theoretically demonstrated a CO2 gas sensor 

based on a 1D porous silicon PC sandwiched between two thin rubber layers to measure CO2 

pollutions in the surrounding air [42]. Moreover, the PC plays a significant role in the field of 

smart sensors such as liquid sensor [43]–[47], acoustic biosensor [48], [49], chemical sensor 

[43], [44], bio-chemical sensor [50], acoustic wave-guide [33], and biodiesel sensor[51], [52] 

have been introduced before.  

However, the field of studying 1D-DPC as a toxic gas sensor based on the TMM and Fano 

resonance still not covered yet, which is the main focus of this study. Our theoretical study 

based on 1D-PC as a gas sensor covered many factors that still not covered in the previous 

studies. Moreover, our proposed 1D-DPC gas sensor can easily fabricate experimentally and 

theoretically due to the use of 1D multilayered structures in sensing applications as introduced 

before [26], [43], [52]–[55]. Also, our gas sensor can work under hard conditions such as high 

temperature and pressure due to the presence of cheap materials such as lead and epoxy. In 

addition, it doesn’t need complex electric components to work. Further, we can use it at any 

place as the acoustic sensors can be easily affected by any change in the environment.   
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Firstly, our proposed study covered the detection of several nontoxic and toxic gases such as 

O2, CO2, NH3, and CH4. Secondly, it is the first time to observe the Fano resonance peaks in 

1D-DPC gas sensor with their impressive contributions to the sensor performance. These Fano 

resonance peaks attributed to high sensitively records, Q-factor, and figure-of-merit values for 

all proposed gases. Thirdly, the role of the damping rate factor at room temperature and high 

temperature has shown a means to our gas sensor design structure for practical applications. 

Moreover, the effect of temperature on the Fano resonance frequency towards the gases and 

performance of our gas sensor has been studied in detail. 

2. 1D-DPC Gas Sensing Design 

Our designed gas sensor is considered as a defective binary structure composed of two different 

layers of (Lead-Epoxy) repeated in N=4 unit cells with equal thickness, followed by insertion 

of a defect layer in the middle of the structure [(Lead/Epoxy)2-(sensing material) -

(Lead/Epoxy)2]. The defect layer was filled with different gases that have been tested 

separately. Firstly, we filled the defect layer with air as a reference for all the target gases and 

we considered the air resonance frequency as the reference for the position of resonance peaks 

towards the different gases. We have considered the lead and epoxy materials due to the large 

acoustic impedance mismatching factors. The key to be taken as input parameter and shows its 

gas sensor attempt is the mechanical properties of the designed layers and the gas-filled the 

defect layer. These mechanical properties are represented by the sound speed and mass density. 

A schematic diagram of the 1D-DPC gas sensor structure is shown in Fig. 1. For each layer that 

used in our gas sensor, the density, longitudinal sound velocity, and physical thicknesses are 

summarized in Table 1. 

 

 

 

 

 

 

 



7th International Student Symposium 
 

354 

www.internationalstudentsymposium.com/en/ 
 

Figure 1. A schematic diagram of a 1D-DPC gas sensor structure consists of a periodic 

multilayer of lead and epoxy with a defect layer filled with different gases. 

 

Materials 
Density 

(kg/m3) 

Longitudinal 

Sound speed 𝑪𝑳 

(m/s) 

Thickness 

(μm) 

Lead 10760 1960 1 

Epoxy 1140 2770 1 

CO2 1.8393 267 1.5 

NH3 0.7069 430 1.5 

O2 1.314 326 1.5 

CH4 0.659 445 1.5 

Air 

(Reference) 
1.2047 343 1.5 

Table 1. Gives the values of the acoustic parameters of each layer used in this study. 

3. Theoretical Model 

The presented configuration of our gas sensor is a binary structure as shown in Fig. 1. 

Nowadays, the periodic binary 1D-DPC structures have attracted significant attention due to 

their high sensing performance compared with the perfect PC systems [18], [45]. There are 

several techniques have been developed to investigate the propagation of acoustics waves 

through the PC including the TMM, plane wave expansion(PWE) method,  the finite difference 

time domain (FDTD) method [56]–[58]. However, of these techniques, only the TMM method 

is a suitable method for calculating the transmission of incident acoustic waves through the 

multilayer structure [27], [45], [52].  

When the acoustic wave incident normally on our proposed 1D-DPC gas sensor, the mechanical 

properties of the layers such as sound speed and density are changing periodically, and the 

incident acoustic wave disperses into several waves inside the structure.  

For an acoustic wave incident normally on the 1D PC structure from the left to the right as 

shown in Fig. 1, the equation of motion in each layer can be written in the following form [59], 

[60]: 

∂𝜎

∂x
+ 𝑓 = 𝜌

∂2u

∂𝑡2
 (1) 
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Where, σ = σ(x, t), f = f(x, t), ρ = ρ(x, t), and ս = ս(x, t) denote the stress, external body force, 

material density, and displacement, respectively. In Eq. (1). The stress of elastic material for 

which is given by: 

𝜎 =  𝐸
∂𝑢

∂x
 (2) 

Where E = E(x) is Young’s modulus of the material. By substituting Eq. (2) into Eq. (1): 

𝐸
∂2𝑢

∂𝑥2
=  𝜌

∂2𝑢

∂𝑡2
 (3) 

Using Eq. (3) to study the acoustic wave propagation through the 1D PC multilayer structure 

as follows: 

𝑢(x, t) = 𝐴 𝑒𝑖(𝐾𝑥−𝜔𝑡) (4) 

Where, ( 𝐴 ) is the wave amplitude, 𝐾  is the wavenumber, ω is angular frequency. By 

Substituting Eq. (4) into Eq. (3) provides the wave equation for a gas or liquid as follows:  

∂2𝑢

∂𝑥2
=  

1

𝐶𝐿
2

∂2𝑢

∂𝑡2
 (5) 

Consider a 1D PC consists of N unit cells, each cell has two layers and denoted by the subscript 

j =1, 2 for a layer j in the unit cell, the associated material properties, which are constant, are 

The thickness, density, Young’s modulus, cell length, Lame’ constant, shearing modulus are 

given as 𝑑𝑗, 𝜌𝑗, 𝐸𝑗, a = ∑ 𝑑𝑗
n
j=1 , 𝜆𝑗 , 𝜇𝑗. The subscript j = 1, 2, and 3 represent the layer type. 

The acoustic wave velocity in each layer is  CL =√E ρ⁄  . The solution to Eq. (5) can be expressed 

in the form: 

𝑢(x, t) = [𝐴⁺
(𝑗)

𝑒𝑖𝐾𝑗𝑋 + 𝐴(𝑗)𝑒−𝑖𝐾𝑗𝑋]𝑒−𝑖𝜔𝑡 (6) 

Where  𝐾𝑗 = 
2𝜋𝑓

CL𝑗
  is the wavenumber, 𝑓 is the frequency of the incident wave, the coefficients 

are 𝐴+ 𝑎𝑛𝑑 𝐴   are the amplitudes of transmitted and reflected waves, respectively.  

 

The formula of the incident wave equation through the gas layer is expressed as in Eq. (7). 

Concerning the interaction between gases and PC, we supposed to insert a defect layer inside 

the perfect phononic structure. It well known that the acoustic waves is considered as a one 

kind of pressure fluctuation that can exist in any compressible gas. Through the gas medium 

the neutral atoms and molecules can conduct the transmission of sound waves through it and 
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the equation that describe the acoustic wave propagation in gases defined by the formula Eq. 

(7) [61]: 

∂2𝑝

∂𝑥2
−  

𝜌

𝛽

∂2𝑝

∂𝑡2
=0 

∂2𝑝

∂𝑥2 −  
1

𝐶0
2

∂2𝑝

∂𝑡2 =0 

(7) 

Where 𝐶0 = √
𝛽

𝜌
 is the speed of sound in gas layer is, 𝑝 is the instantaneous pressure in the gas, 

and ρ is the mass density and β is the bulk modulus. The solution of Eq. (7) can be given by Eq. 

(8): 

𝑝(x, t) = [𝑃⁺
(𝑗)

𝑒𝑖𝐾𝑗𝑋 + 𝑃(𝑗)𝑒−𝑖𝐾𝑗𝑋]𝑒𝑖𝜔𝑡     (8) 

When a sound wave travels through gas medium, the local pressure fluctuations and local 

density fluctuations are generated. The acoustic impedance of gas is related to the speed of 

sound in it through Eq. (9) [62]: 

𝑍 = 𝜌 × 𝐶0 (9) 

Where ρ is the gas density and 𝐶0 is the speed of sound in gas. Thus, the acoustic impedance 

that is acting in opposition to the wave propagation increases with an increase in medium 

density as well as an increase in the speed of sound.  

There are two conditions that must be satisfied at the interfaces between layers: the continuity 

of displacement and the continuity of stress. We can provide the stress equation by substituting 

Eq. (6) into Eq. (2) as shown: 

𝜎(𝑥) =  𝐸𝑖𝐾𝑗 [𝐴+
(𝑗)

𝑒𝑖𝐾𝑗𝑋 − 𝐴(𝑗)𝑒−𝑖𝐾𝑗𝑋] 

𝜎(𝑥) =  𝑖𝑍𝑗[𝐴⁺
(𝑗)

𝑒𝑖𝐾𝑗𝑋 − 𝐴(𝑗)𝑒−𝑖𝐾𝑗𝑋] 

(10) 

Where  𝑍𝑗 = 𝐸𝑗𝐾𝑗 . So we can write the spatial components of Eq. (10) in the form as 

[
u(x)

𝜎(x)
]= [

1 1
𝑖𝑍𝑗 𝑖𝑍𝑗

] [
𝐴⁺

(𝑗)
𝑒𝑖𝐾𝑗𝑋

𝐴(𝑗)𝑒−𝑖𝐾𝑗𝑋
]= 𝐵𝑗 [

𝐴⁺
(𝑗)

𝑒𝑖𝐾𝑗𝑋

𝐴(𝑗)𝑒−𝑖𝐾𝑗𝑋
] (11) 
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Where, 𝐵𝑗 is the wave matrix at the interface between the two layers. This allows us to substitute 

the relation 𝑋𝑅
𝑗
= 𝑋𝐿

𝑗
+ 𝑑𝑗  where 𝑋𝑅

𝑗
 and 𝑋𝐿

𝑗
 denote the position of the right and left boundary, 

respectively, of layer j thus relate the displacement and stress at 𝑋𝐿
𝑗
 to those at𝑋𝑅

𝑗
. 

[
u(𝑋𝑅

𝑗
)

𝜎(𝑋𝑅
𝑗
)

]= 𝐵𝑗 [𝑒𝑖𝐾𝑗𝑑𝑗 0
0 𝑒−𝑖𝐾𝑗𝑑𝑗

] [
𝐴⁺

(𝑗)
𝑒𝑖𝐾𝑗𝑋𝐿

𝑗
 

𝐴(𝑗)𝑒−𝑖𝐾𝑗𝑋𝐿
𝑗
 
]=𝐵𝑗𝐷𝑗 [

𝐴⁺
(𝑗)

𝑒𝑖𝐾𝑗𝑋𝐿
𝑗
 

𝐴(𝑗)𝑒−𝑖𝐾𝑗𝑋𝐿
𝑗
 
] (12) 

Where, 𝐷𝑗=[𝑒𝑖𝐾𝑗𝑑𝑗 0
0 𝑒−𝑖𝐾𝑗𝑑𝑗

] is wave matrix through each layer. 

And, [
u(𝑋𝐿

𝑗
)

𝜎(𝑋𝐿
𝑗
)

]= 𝐵𝑗 [
𝐴⁺

(𝑗)
𝑒𝑖𝐾𝑗𝑋𝐿

𝑗
 

𝐴(𝑗)𝑒−𝑖𝐾𝑗𝑋𝐿
𝑗
 
] 

 We can rewrite Eq. (12) as:  

[
u(𝑋𝑅

𝑗
)

𝜎(𝑋𝑅
𝑗
)

]=𝐵𝑗𝐷𝑗 [
𝐴⁺

(𝑗)
𝑒𝑖𝐾𝑗𝑋𝐿

𝑗
 

𝐴(𝑗)𝑒−𝑖𝐾𝑗𝑋𝐿
𝑗
 
]=  𝐵𝑗𝐷𝑗𝐵𝑗

1  [
ս(𝑋𝐿

𝑗
)

𝜎(𝑋𝐿
𝑗
)

] =   𝑇𝑗 [
ս(𝑋𝐿

𝑗
)

𝜎(𝑋𝐿
𝑗
)

]                                     
     

(13) 

Eq. (13) relates the displacement and stress at 𝑋𝐿
𝑗
to those at 𝑋𝑅

𝑗
 of the same layer j, and 𝑇𝑗, is 

the transfer matrix for layer j, has the expanded form [60]: 

𝑇𝑗= [
cos(𝐾𝑗𝑑𝑗)

1

𝑍𝑗
sin(𝐾𝑗𝑑𝑗)

−𝑍𝑗 sin(𝐾𝑗𝑑𝑗) cos(𝐾𝑗𝑑𝑗)
]           

  

(14) 

Since the transfer matrix is valid for any layer and𝑋𝐿
𝑗

 ≡ 𝑋𝑅
(𝑗−1)

, the result in Eq. (14) can be 

extended across several layers, so we can write the following: 

y( 𝑋𝑅
1 ) = 𝑇1 y( 𝑋𝐿

1 )= y( 𝑋𝐿
2 ), y( 𝑋𝑅

2 ) = 𝑇2 y( 𝑋𝐿
2 )= 𝑇2 𝑇1  y( 𝑋𝐿

1 )= y( 𝑋𝐿
3 ), y( 𝑋𝑅

3 ) = 

𝑇3y(𝑋𝐿
3)=𝑇3 𝑇1𝑇2 y(𝑋𝐿

1)= y(𝑋𝐿
4) 

y(𝑋𝑅
𝑛) = 𝑇𝑛 𝑇𝑛 1 … 𝑇1 y(𝑋𝐿

1)= 𝑇 y(𝑋𝐿
1) 

(15) 

Ultimately, the displacement and stress at the left end of the first layer (X=𝑋𝐿
𝑗
) in a unit cell are 

related to those at the right boundary of the nth layer (X=𝑋𝑅
𝑗
) by the cumulative transfer matrix, 

𝑇. 

𝑇𝑗= [
cos(𝐾𝑗𝑑𝑗)

1

𝑍𝑗
sin(𝐾𝑗𝑑𝑗)

−𝑍𝑗 sin(𝐾𝑗𝑑𝑗) cos(𝐾𝑗𝑑𝑗)
] (16) 
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Here, N is the number of unit cells and T is the accumulative transfer matrix. The transmission 

coefficient of the 1D PC structure is given in the form [63]: 

𝑈𝑒

𝑈0
=

2𝐸0(𝑇11𝑇22 − 𝑇12𝑇21)

𝐸0(𝑇11 − 𝐸𝑒𝑇21) − (𝑇12 − 𝐸𝑒𝑇22)
 (17) 

Where 𝐸0 and 𝐸𝑒 are the Young’s moduli of the two semi-infinite solids at the left and right of 

the structure.  𝑈0 , 𝑈𝑒  are the incident and transmitted amplitudes, respectively. 𝑻𝒊𝒋 =

T(i, j)represents the elements of the total transfer matrix. 

𝑇𝑗(1,1) =  𝑇𝑗(2,2) = 𝑐𝑜𝑠(𝐾𝑗𝑑𝑗) (18) 

𝑇𝑗(1,2) =
1

𝑍𝑗
sin(𝐾𝑗𝑑𝑗) (19) 

𝑇𝑗(2,1) = 𝑍𝑗 sin(𝐾𝑗𝑑𝑗) (20) 

Where, 𝑍𝑗 =
𝐸𝑗ω

CL𝑗
 , CL𝑗 is the longitudinal wave velocity in each layer, 𝑑𝑗 is the thickness of each 

layer of the unit cell. 

4. Methods 

Our proposed 1D-DPC structure has the ability to sense any type of gases with different 

sensitivity for each gas. Thus, when the acoustic wave normally is incident on the our 1D-DPC 

structure which consists of [(Lead/Epoxy)2 - (sensing material) - (Lead/Epoxy)2], each layer in 

the structure has mechanical properties different from each other layers. For instance, the speed 

of sound and density of lead are different from the epoxy and gas layer as given in Table 1. So, 

due to the periodicity of our structure as shown in Fig. 1, the mechanical properties of the 

structural layers such as sound speed and density are changing periodically. Wherefore, the 

incident acoustic wave disperses into several waves and the diffraction of these waves interferes 

with each other at each interface between layers of our proposed structure. If the interference 

was a constructive interference, it results in the formation of the stopped PC band gaps [64], 

[65]. On the other side, when the interference is destructive, the resulted band is a transmission 

band [27], [66]. The formula of the incident wave equation was written in Eq. (5) in the 

theoretical model part. In addition, Eq. (17) given the formula of the transmitted wave’s 

coefficient that describes the transmitted waves through the structure. Concerning the 

interaction between gases and PC, we supposed to insert a defect layer inside the perfect 

phononic structure. As a result, the interaction between any types of gases that inserted as a 
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defected layer in 1D-PC, it can store some energy of the incident acoustic wave expressed in 

the formation of Fano-resonance peaks inside the transmitted band gaps as shown in Fig. 2. 

With changing in the type of gas, the Fano resonance peak frequency and intensity will change 

as well. This Fano resonance peaks enable our 1D-DPC gas sensor to detect efficiently the type 

and physical properties of the target gases with high sensitivity, Q-factor and figure of merit. It 

is seen that the 1D-DPC gas sensor has sensitivity values of 292, 207, 202, and 103 

MHz/(kg/m3) for O2, NH3, CO2, and CH4 gases, respectively. Moreover, our proposed 1D-DPC 

can be implemented experimentally and theoretically easily due to the use of 1D multilayered 

structures in sensing applications that were introduced in several works of literature [43], [52]–

[55]. This work is a full theoretical and simulation investigation. However, the proposed design 

can easily be experimentally fabricated similar to identical 1D-PCs structures such as those 

listed in the past articles [26], [54]. Also, our study of the 1D-PC as a gas sensor based on the 

TMM through MATLAB program as described in detail in the theoretical model. 

5. Results and Discussion 

1D-DPC High Sensitivity Gas Sensor 

In this work, to the best of our knowledge, it is the first time that an ultrahigh sensitive gas 

sensor towards CO2, CH4, NH3, and O2 gases based on the TMM and Fano resonance of a 1D-

PC structure is proposed. Basically, our novelty is focused on investigating a novel gas sensor 

based on the 1D-PC which covered many sides that do not cover yet as introduced in all 

previous work of 1D or 2D PCs gas sensors [1], [39]–[42]. 

We introduce the output simulated results based on the mentioned mathematical model. The 

structure is designed as shown in Fig.1 with incident acoustic wave of angle=0°. We used lead 

and epoxy as consistent materials due to the large acoustic impedance mismatch between them. 

The idea of gas sensing is studied experimentally by 2D Surface PC Ring Resonators [1]. Also, 

the interaction mechanisms between the gaseous and acoustic waves are presented [40]. 

Moreover, the acoustic properties of a hole in a wall of finite thickness are experimentally 

introduced before [26], [67]. However, the field of studying 1D-DPC as a toxic gas sensor based 

on the TMM and Fano resonance still not covered yet, which is the main focus of this study. 

The properties of materials used in calculations are given in Table 1. Here, as shown in Fig. 2, 

we present the transmission spectra of the binary 1D-DPC gas sensor is plotted versus the 

normalized frequency (𝜔a/2π𝑐), where 𝑐 is the sound speed in epoxy of 1300 m/s.  

Firstly, the Fano resonance transmission spectrum gives the selectivity of the 1D-DPC gas 

sensor towards O2, CO2, NH3, and CH4 gases as seen in Fig. 2. Obviously an appearance of 
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sharp Fano resonance transmitted peaks for O2, CO2, NH3, and CH4 gases. Each Fano resonance 

peak refers to the acoustic properties of each gas. For the case of O2, a higher sharp Fano 

resonance transmitted peak than the other gases with intensity about 94% at a normalized 

frequency of 1.33. Meanwhile, the CO2, NH3, and CH4 gases have transmitted peaks with 

intensities about 52%, 79%, and 67% appeared at normalized frequencies of 1.35, 1.69, and 

1.82, respectively. Due to the lower acoustic speed of sound in O2 and CO2 than in NH3, and 

CH4, it has seen that the transmitted peaks of NH3 and CH4 gases are shifted to higher 

frequencies range than O2, and CO2.  

Secondly, we have studied the Fano resonance peaks for each gas. Fano resonance is resulted 

from the destructive interference between a discrete quantum state and a continuum band of 

states, and occur at the interface between the lead, epoxy, and the gas layer[17], [33], [67]. The 

novelty of sharp line shape of Fano resonance peaks indicating a significant effect on the 

sensitivity measurements. Usually, the presence of Fano resonance in any sensor design 

enhances the sensitivity and quality factor values, this is the major purpose of introducing Fano 

peak s in our sensor design. The sharper of asymmetric line shape of the Fano resonance can 

be directly effect on the observed high sensitivity value toward different gases[51]. As observed 

in Fig. 2 we have very sharp and asymmetric resonant profiles that used to detect and compare 

several important gases such as O2, CO2, NH3, and CH4. Also, they demonstrated a high 

performance gas sensor based 1D-DPC.  

 

 

 

 

 

 

 

 

Figure 2. The transmission spectra of the 1D-DPC gas sensor structure as a function of the 

normalized frequency at room temperature. 

Further, we have been observed sharp Fano resonance peaks which mainly contributed to the 

high sensitivity records of the proposed gas sensor structure in the MHz frequency range. Also, 

as shown in Fig. 2, with increasing the acoustic speed of sound of O2, CO2, NH3 and CH4 gases, 

the Fano resonance peaks shifted toward higher frequencies. In addition, there was a loss in 
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Fano resonance transmission peaks (negative transmission). This is owing to that the acoustic 

energy is extracted to the gas defect layer from a region (lead and epoxy layers) much larger 

than the physical dimension of the gas defect layer itself [67]. Also, when the acoustic wave 

interacts with our optimized structure, the gas defect layer considered as empty hole. The 

negative transmission value indicated a transmission coefficient larger than unity; this implies 

that the acoustic energy transmitted through the gas defect layer exceeds that incident upon the 

hole. 

Sensor Analysis 

The performance and efficiency of any sensor are determined by many parameters such as the 

sensitivity (S), quality factor (Q), and figure of merit (FOM). These parameters can be obtained 

by using the following expressions [68]–[70]:  

𝑆 = 𝛥𝑓𝑟/𝛥𝑥 (21) 

𝑄 = 𝑓𝑟/𝐹𝑊𝐻𝑀 (22) 

𝐹𝑂𝑀 = 𝑆/𝐹𝑊𝐻𝑀 (23) 

 

 

 

 

Where, 𝑓𝑟  is the resonance frequency, 𝑓𝑟(𝑎𝑖𝑟) = 1.25 × 109 Hz of the air was used as a 

reference to calculate 𝛥𝑓𝑟 as:𝛥𝑓𝑟 = 𝑓𝑟(𝑔𝑎𝑠) − 𝑓𝑟(𝑎𝑖𝑟), ∆x change of input parameter (density 

or temperature), and FWHM is the full width at half maximum of the resonant peak.  

Fig. 3 illustrates the sensitivity of the1D-DPC sensor towards O2, CO2, NH3, and CH4 gases at 

room temperature (RT=20°C) is plotted with frequency. Using Eq. (21), S is calculated at the 

peak of Fano resonance for our 1D-DPC gas sensor structure and the results are depicted in 

Table 2 and Fig. 3. The 1D-DPCs sensor indicates the sensitivity of O2, CO2, NH3, and CH4 

gases. Sensitivity values of 292, 207, 202, and 103 MHz/(kg/m3) at frequencies values equal 

388, 151, 373, and 68.6 MHz for O2, NH3, CO2, and CH4 gases respectively. The sensor recorded 

a high sensitivity towards O2, as it has the highest value of frequency followed by CO2, NH3, 

and CH4 gases. On the other hand, the sensor shows the lowest sensitivity towards CH4. Also, 

we have observed that, from Eq. (21), the sensitivity of gases depends on the frequency, due to 

the fact that with increasing the frequency, the sensitivity can be increased as well. Our 

proposed 1D-DPC sensor based on Fano resonance shows higher sensitivity towards CO2 gas 

than previously reported gas sensors of 17.64 MHz/ppm [39]. These sensors include a CO2 gas 

sensor based on the evanescent coupling of the spoof surface described by Cicek et al. [39]. 

 



7th International Student Symposium 
 

362 

www.internationalstudentsymposium.com/en/ 
 

 

 

 

 

 

 

Figure 3. The sensitivity of the [(Lead/Epoxy)2-(different gases)-(Lead/Epoxy)2] 1D- 

DPC gas sensor structure at different target gases as a function of the frequency. 

In order to design a high-performance gas sensor, the Fano resonance peaks should be sharp 

and with a high-quality factor. The high-quality factor values refer to an accurate sensor 

measurement. The S, FOM, FWHM, and Q are calculated at the peak of Fano resonance for 

each gas through the our1D-DPC gas sensor and reported in Table 2. These parameters were 

calculated based on Eq. (21) to (23), the intensity of the transmitted peaks for O2, CO2, NH3, 

and CH4 gases. From Table 2, the sensitivity for O2, CO2, NH3, and CH4 gases are about 292, 

207, 202, and 103 MHz/(kg/m3), respectively. It is showing a high sensitivity, Q, and FOM 

values. The Q and FOM values determine the efficiency and performance of the sensors.  For 

CH4, the highest Q value of 3040 was observed, followed by NH3, O2, and CO2 of about 2170, 

1920, and 1050, respectively. On the other side, the O2 has the highest value of FOM of about 

647, followed by NH3, CH4, and CO2 of about 418, 263, and 241 m3/Kg, respectively. The CH4 

gas has the highest Q value due to it has the lowest FWHM among the other gases, but the CO2 

has the lowest Q because of its FWHM has the higher value. Hence the values of FWHM of the 

listed gases are as   𝐹𝑊𝐻𝑀𝐶𝑂2
˃𝐹𝑊𝐻𝑀𝑁𝐻3

˃𝐹𝑊𝐻𝑀𝑂2
˃𝐹𝑊𝐻𝑀𝐶𝐻4

 as seen in Table 2. The 

observed high values of Q and FOM of the tested gases are due to the small broadening in the 

Fano resonance peaks of each  

Gases 
𝒇𝒓 

(MHz) 

Transmitted peaks 

intensity (%) 

FWHM 

(MHz) 

S 

(MHz/(kg/m3)) 
FOM (m3/Kg) Q 

O2 864 94% 0.451 292 647 1920 

CO2 880 52% 0.840 202 241 1050 

NH3 1100 79% 0.508 207 418 2170 

CH4 1180 67% 0.390 103 263 3040 
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Table 2. Gives the values of 𝑆, 𝑓𝑟 , 𝐹𝑊𝐻𝑀, 𝐹𝑂𝑀, transmission intensity, and Q at room 

temperature for the O2, CO2, NH3, and CH4 gases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Shows the effects of temperature on the Fano resonance transmitted peak of the 

[(Lead/Epoxy)2-(different gases)-(Lead/Epoxy)2] 1D-DPC gas sensor with a thickness of the 

gas defect layer of 1.5 μm. Where (a), (b), (c), and (d) representing O2, CO2, NH3, and CH4 

gases.  

Effect of Temperature on Fano Resonance Position of 1D-DPC Gas Sensor 

In this section, we propose that the defect layer was filled with O2, CO2, NH3, and CH4 gases 

separately. As shown in Fig 4 (a-d), we study the effects of temperature on the Fano resonance 

transmitted peaks of O2, CO2, NH3, and CH4 gases through the 1D-DPC gas sensor, the 

propagation of acoustic waves through a gas defect at different temperatures from 30oC to 80oC. 

Also, we studied  the effect of temperature on the acoustic properties of gases which also effect 

on the Fano resonance transmitted peaks of each gas through the 1D-DPC gas sensor. It is 

known that the temperature has a direct effect on the density and the acoustic speed of gases 

(a) 
(b) 

(c) (d) 
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whereas, with increasing the temperature, the acoustic speed of gases increased due to their 

density decreased [71], [72]. Therefore, the position of the Fano resonance transmitted peaks 

for each gas shifted towards the high-frequency range [73].  

Effect of Temperature on the Sensitivity and the Quality Factor of the 1D-DPC Gas 

Sensor 

Actually, the temperature has a significant effect on the performance of the 1D-DPC gas sensor. 

As it affects the detection accuracy, which is defined as the sensor's ability to determine the 

resonance frequency of the sensing medium [28]. It seems that with increasing the temperature, 

the sensitivity decreased as shown in Fig. 5 (a) and (b) and Eq. (21). An increase in the 

temperature can increase the acoustic speed of gases due to the decrease density value [72]. 

Therefore, ∆𝐹𝑟 decreased as given in table 3, and the sensitivity is directly proportional to ∆𝑓𝑟 as 

indicated in Eq.21. In Fig 5 (a) the sensitivity of 1D-DPC gas sensor for the O2 and CH4 gases 

have values of 29.4, 8.98, 5.53 & 3.82 (MHz/°C) and 1.77, 0.883, 0.0175 & 0.399 (MHz/°C) at 

30, 40, 60, 80°C, respectively. Also, as shown in Fig 5 (a) it’s observed that at 60°C the 

sensitivity value reaches 0.0175 (MHz/°C) while at 80°C increased to 0.399 (MHz/°C). Due to 

the ∆𝑓𝑟 at 80°C has value higher than 60°C as shown in table 3.  Also,  For CO2 and NH3 gases 

as seen in Fig. 5 (b) the values of sensitivity of these gases are 11.99, 8.65, 5.3 3& 3.69 

(MHz/°C) and 2.8, 1.87, 0.72 & 0.07 (MHz/°C) at 30, 40, 60, 80°C, respectively. Further, Fig. 

5 (a) and (b) present the change of the quality factor of the 1D-DPC gas sensor towards O2 & 

CH4 and CO2 & NH3. Fig. 5 (a) shows the change of the quality factor of O2 and CH4 with 

temperature. It is well-known that the quality factor is a measure of the sharpness of the 

resonance peak, the larger the quality factor, the sharper the peak [74]. It is seen that the quality 

factor of CH4 has the highest values at 30 and 40°C which equals 1845 and 1873, respectively, 

followed by O2 gas with 1833 and 2051 at 30 and 40°C, respectively. This is because that the 

FWHM of O2 and CH4 have the lowest values of (0.48 & 0.44) and (0.65 & 0.65) MHz for 

30°C and 40°C, respectively, as shown in Fig. 8 (a).  
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Figure 5. The effects of temperature on the sensitivity and quality factor of the [(Lead/Epoxy)2 

- (different gases) - (Lead/Epoxy)2] 1D-DPC gas sensor. (a) O2 - CH4 and (b) CO2 - NH3 gases. 

On the other hand, as shown in Fig. 5 (a) at 60 °C and 80°C the quality factor decreased as the 

FWHM increased, which have low values (289 & 1307) and (327& 1163) at high values of 

FWHM (3.19 & 0.73) and (3.83 & 1.11) MHz for O2 and CH4, respectively, as shown in Fig. 8 

(a). As well as, in Fig 5 (b) we have seen that the changing of the quality factor with temperature 

for CO2 & NH3 gases.  

The quality factor has high values at 40°C and 80°C equals (1741 & 1660) and (2495 & 2630) 

respectively, thus as the CO2 and NH3 gases has the lowest values of FWHM which equals 

(0.52 & 0.57) and (0.471 & 0.474) MHz at 40°C and 80°C respectively. On the other side, at 

30°C and 60°C the quality factor has lower values which equal (1513 & 1371) and (2312 & 

1887) respectively. This due to CO2 & NH3 gases have high values of FWHM than at 40 and 

80°C, which equal (0.59 & 0.68) and (0.51 & 0.64) MHz, respectively. 

Relation between Resonance Frequency and the Acoustic Gas parameters of 1D-DPC Gas 

Sensor at Different Temperature 

From Fig. 6 and Table 3, we related each resonance frequency value of these gases with its 

specific acoustic property. Table 3 gives the resonance frequency values with some acoustic 

properties of each gas at different temperatures. We have seen that with increasing the 

temperature, the density of each gas decreased and the acoustic speed of sound increased as 

well [71], [72]. In Fig. 6, the resonance frequency increased with increasing the temperature for 

each gas. Moreover, CH4 gas has the highest resonance frequency value followed by NH3, CO2, 

and O2 gases, respectively due to the fact that CH4 has the lowest mass density and highest 

acoustic speed of sound among the other gases. 

(a) 

(b

) 
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Gases 

Temperature 

(o C) 

Density 

(kg/m3) 

Longitudinal 

sound speed 

(m/s) 

Resonance 

frequency 

(GHz) 

∆𝒇𝒓 

(Hz) 

CH4 

30 0.673 452 1.2 5.32 × 107 

40 0.617 459 1.217 3.53 × 107 

60 0.58 471.4 1.251 1.05 × 106 

80 0.547 484 1.284 3.19 × 107 

NH3 

30 0.6822 440 1.1678 8.47 × 107 

40 0.6593 443.6 1.177 7.51 × 107 

60 0.619 457.1 1.214 3.84 × 107 

80 0.5832 469.9 1.247 5 × 106 

CO2 

30 1.7777 270.7 0.89 3.60 × 108 

40 1.7201 274.7 0.91 3.46 × 108 

60 1.6155 282.6 0.93 3.20 × 108 

80 1.523 290.2 0.96 2.95 × 108 

O2 

30 1.27 333 0.88 3.69 × 108 

40 1.229 336.7 0.89 3.59 × 108 

60 1.155 347.1 0.92 3.32 × 108 

80 1.089 357 0.947 3.05 × 108 

 

Table 3. The resonance frequency values with the corresponding physical properties of CH4, 

NH3, CO2, and O2 gases at different temperatures. 
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Figure 6.  Shows the effect of temperature on the resonance frequency of [(Lead/Epoxy)2- 

(different gases) - (Lead/Epoxy)2] 1D-DPC gas sensor towards NH3, CO2, O2, and CH4  

The Dependence of the Sensitivity of the 1D-DPC Gas Sensor on the Sound Velocity at 

Different Temperatures towards NH3, CO2, O2, and CH4 Gases. 

The dependence of 1D-DPC gas sensor sensitivity on the sound velocity at different 

temperatures from 30oC to 80oC are showing in Fig. 7. From Fig. 7 we can see that with 

increasing the sound velocity as the temperature increased, the sensitivity of our proposed 

sensor towards CH4, NH3, CO2, and O2 gases decreased. When the temperature increases, the 

sound velocity also increases due to the density of gas decrease as seen in Table 3. Also, ∆𝐹𝑟 

decreased and the sensitivity is directly proportional to ∆𝑓𝑟  as indicated in Eq. 21 as given in 

Table 3. As presents in Fig. 7, our proposed 1D-DPC gas sensor abled to detect the lowest 

possible signal for CH4 which has the highest sound velocity with increasing the temperature. 

As the temperature increased from 30oC to 80oC, the speed of sound through each gas increased 

to higher values and the sensitivity of the sensor decreased as seen in Fig. 7. 

 

 

 

 

 

 

 

 

 

 

Figure 7. Shows the sensitivity of 1D-DPC gas sensor dependence on the sound velocity at 

different temperatures towards NH3, CO2, O2 and CH4 gases. All lines have four dots which are 
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corresponding to temperature values, whereas the higher point value is referred to 30, followed 

by 40, 60, and 80°C respectively. 

Effect of Temperature on the FWHM and FOM of the 1D-DPC Gas Sensor towards NH3, 

CO2, O2, CH4 Gases. 

As presented in Fig. 8 (a) and (b), we studied the effect of temperature on the full width at half 

maximum (FWHM) of the Fano resonance transmitted peaks and the figure of merit (FOM) of 

the1D-DPC gas sensor towards NH3, CO2, O2, and CH4 gases. The detection accuracy is 

inversely proportional to FWHM of the Fano resonance transmission peak [75]. Our 1D-DPC 

gas sensor shows a high detection accuracy at a different temperatures which has a narrow 

resonance frequency peaks. The effect of temperature on the FWHM of transmitted peaks is 

shown in Fig. 8 (a). For CH4 and O2 gases, the FWHM has the highest values at 60oC followed 

by 80oC which equals (3.83 & 1.11) and (3.19 & 0.73) MHz, respectively. Meanwhile, the 

FWHM showed the lowest values (0.65 & 0.65) and (0.48 & 0.44) MHz at 30 and 40oC, 

respectively. For the CO2 and NH3 gases at 30 and 60°C the FWHM has values higher than at 

40 and 80oC, which equals (0.59 & 0.68), (0.51-0.64) MHz respectively as shown in Fig. 11 

(a). This means that our gas sensor provides high-quality factors for CH4 and O2 gases at 30 

and 40oC. On the other side, for the CO2 and NH3 gases it shows high quality factor at 40oC and 

80oC. 

As observed in Fig. 8 (b), the temperature has an obvious effect on the FOM of the 1D-DPC 

gas sensor towards each gas. The FOM is the parameter indicates the efficiency of gas sensor 

to measure any change in the resonance frequency [49]. From Fig. 8 (b), we can see that the 

FOM of our proposed gas sensor decreased with increasing the temperature from 30 to 80oC. 

Also, the FOM of 1D-DPC gas sensor has the highest values at 30oC which equals 61.1, 20.33, 

12.377 and 2.73 towards O2, CO2, NH3, and CH4 gases, respectively. Meanwhile, the CH4 has 

the lowest FOM between the other gases as shown. In addition, from  Fig. 8 (b) we can show 

that the FOM of NH3, CO2, O2, and CH4 gases has the highest values at 30 and 40oC, but with 

increased the temperature to 60 and 80oC the FOM for these gases has large decrease. Table 4 

shows the most recent studies in comparison with our designed gas sensor sensors. 
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Figure 8.  Shows the effect of the temperature on the FWHM and FOM of (a) NH3, (b) CO2, (c) 

O2 and (d) CH4 gases embedded in (lead / gas defect / epoxy) 1D-DPC gas sensor. 

Effect of the Damping Rate on 1D-DPC Gas Sensor 

The damping rate describes how acoustic waves in the 1D-PC decays after a disturbance 

through the structure. Sometimes the damping can cause some loses and makes the oscillations 

to gradually decay in amplitude up to zero or attenuate. The experiments indicate that low-

density materials can provide high damping of structural vibration if the wave speed in the 

material is sufficiently low. The TMM is prepared for studying the absence or presence of wave 

dissipation inside 1D-PC [59], the distinction is made in the definition of 𝑍𝑗and  𝐾𝑗 as in Eq. 

(24): 

𝑍𝑗 = 𝐾𝑗(𝐸𝑗 + 휂𝑗𝜆) (24) 

In the un-damped wave propagation, the relationship between the wavenumber and the 

frequency followed by 𝐾𝑗 =
𝑤𝑗

CL𝑗
. But in the case of the damped wave, the relationship between 

the wavenumber and the damped wave frequency for layer j can be introduced as Eq. (25) [59]: 

𝑞2[ CL𝑗]4

4
[𝐾𝑗]

4
− [ CL𝑗]2[𝐾𝑗]

2
+ 𝑤𝑑

2 = 0 (25) 

Where , CL𝑗 = √ 𝐸𝑗 𝜌𝑗⁄  ,  𝑤 = 𝐾𝑗 CL𝑗 . We can formulate two complex-conjugate solutions 

for[𝐾𝑗]
2
, from which we develop the explicit relation Eq. (26): 

𝐾𝑗 = ±
1

𝑞CL𝑗
√2(1 ± √1 − 𝑞2𝑤𝑑

2) (26) 

(b) (a) 
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This equation is only valid if q has a non-zero value. The damping rate is related to the quality 

factor (Q) of 1D-PC gas sensor. Q describes the behavior of an oscillator or wave under 

damping condition, the higher Q indicates a lower rate of acoustic energy loss relative to the 

stored energy of the PC. We can calculate the damping rate as Eq. (27) [76]: 

휁 =
1

2 ∗ 𝑄
 (27) 

Effect of Damping Rate on the FWHM of Fano Resonance Transmitted Peaks and the 

Sensitivity of 1D-DPC Gas Sensor 

As in Fig. 9, we studied the effect of damping rate on the full width at half maximum of the 

Fano resonance transmitted peaks (FWHM) and the sensitivity of the1D-DPC gas sensor 

towards NH3, CO2, O2, and CH4 gases at room temperature. We can see that the sensitivity 

increases from 103 to 292 (MHz/(kg/m3)) and the value of FWHM increases from 0.39 to 0.84 

(MHz) with increasing the damping rate from 휁 = 0.16 ×10-3 to the value 휁 = 0.47 ×10-3 at 

room temperature as seen in Fig. 9.  

 

 

 

 

 

 

 

 

 

Figure 9.  Shows the effects of the damping rate on the sensitivity and FWHM of 1D-DPC gas 

sensor towards (A): CO2, (B): O2, (C): NH3 and (D): CH4 gases. 

Fig. 10 shows the damping rate of an acoustic wave through our optimum 1D-DPC gas sensor 

towards NH3, CO2, O2, and CH4 gases. We observed that the 1D-DPC has the highest value of 

the damping rate in CO2 and the lowest value for CH4 gas. The damping rate is inversely 

proportional to the quality factor of our gas sensor as seen in Eq. (27). The 1D-DPC gas sensor 

has the lowest quality factor value towards CO2 which equals 1050, but the CH4 has the highest 

value equals 3040 among other gases. 
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Figure 10.  Shows the damping rate of acoustic wave inside 1D-PC gas sensor for different 

gases, and the relation between the quality factor and damping rate of 1D-PC gas sensor. 

Effect of Temperature on the Damping Rate of 1D-DPC Gas Sensor 

We studied the effect of temperature on the damping rate of acoustic wave inside 1D-PC gas 

sensor towards CO2, O2, NH3 and CH4 gases and plotted in Fig. 11. The designed 1D-DPC gas 

sensor shows a different damping rate at a different temperatures. For instance, CH4 and O2 

gases, show the highest damping rate values at 60oC followed by 80oC which equals to (1.5×10-

3 & 1.71×10-3) and (0.41×10-3 & 0.35×10-3), respectively. Meanwhile, the lowest damping rate 

for CH4 and O2 gases are presented at 30oC and 40oC with values of (0.27×10-3 & 0.273×10-3) 

and (0.267×10-3 & 0.243×10-3), respectively. While, CO2 and NH3 gases having the lowest 

damping rate values. At 30°C and 60°C, the damping rate of CO2 and NH3 gases has values 

higher than at 40°C and 80oC, equals to (0.33×10-3 & 0.22×10-3) and (0.36×10-3 & 0.27×10-3) 

respectively as shown in Fig. 11. Due to the inversely relation between the damping rate and 

the quality factor as seen in Eq. (27), this means that our gas sensor provides high quality factor 

measurements for CH4 and O2 gases at 30oC and 40oC. On the other hand, for the CO2 and NH3 

gases it shows high quality factor at 40oC and 80oC.  
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Figure 11.  Represents the effect of the temperature on the damping rate of the acoustic wave 

inside 1D-DPC gas sensor forwards (a) NH3, (b) CO2, (c) O2 and (d) CH4 gases. 

Type of device Sensing material Sensor prameters 

O. Kaya et al., represented numerically and 

experimentally gas sensor based on a 1D-PC [41]. 

- Carbon dioxide CO2 

level in air. 

- The CO2 shows sharp transmission peak 

appeared at frequency value equal 58.49 kHz 

A. Cicek et al., proposed acoustic ring resonator as 

a 2D-PC for a high sensitivity gas sensor [1]. 

- Binary mixtures of 

dry air with CO2 and 

CH4 gases. 

- The sensitivity of 2D-PC CO2 shows 3 

mHz/ppm. 

A. Cicek et al., designed theoretically and 

experimentally ultrasonic gas sensor for CO2 

based on evanescent coupling of spoof surface 

acoustic waves between two surface PCs 

containing trapezoidal grooves on rigid slabs [39]. 

-  CO2 in dry air. 

- Sensitivity of CO2 shows 17.70 mHz/ppm 

(theoretically) and 16.20 mHz/ppm 

(experimentally). 

- Sensitivity is equal -17.64 mHz/ppm, -18.52 

mHz/ppm and -17.99 mHz/ppm at 

T = 20 o C, 30 °C and 40 °C, respectively. 

A. Mehaney et al., demonstrated theoretically a 

CO2 gas sensor based on a 1D porous silicon PC 

sandwiched between two thin rubber layers [42]. 

- CO2 pollutions in the 

surrounding air. 

 

- Gas sensor of CO2 pollutions in the 

surrounding air is based on the change in the 

transmitted resonant mode intensity. 

- The effects of temperature and pressure on the 

resonant peak intensity are introduced as well. 

- When the temperature increases from 20oC to 

200oC, the resonant peak intensity decreases 

from 0.559 % to 0.443 %. 

- With increasing the pressure, the resonant peak 

has higher a transmission intensity. 

This work, 1D-DPC gas sensor is a binary 

structure composed of two different layers of 

(Lead-Epoxy) repeated in N= 4 unit cells and  

inserted a defect layer in midi of the  structure. The 

defect layer will be filled with different gases that 

will be tested separately. 

 

- O2 

- CO2 

- NH3 

- CH4 

- Sensitivity at room temperature are 292, 202, 

207 and 103 (MHz/(kg/m3)) for O2, CO2, NH3, 

and CH4, respectively. 

- Sensitivity at different temperatures for the O2 

and CH4 gases have values of 29.4, 8.98, 5.53 & 

3.82 (MHz/°C) and 1.77, 0.883, 0.0175 & 0.399 

(MHz/°C) at 30, 40, 60, 80°C, respectively. For 

CO2 and NH3 gases as seen in Fig. 5 (b). The 

values of sensitivity of these gases are 11.99, 

8.65,    5.3 3 and 3.69 (MHz/°C) and 2.8, 1.87, 

0.72 and 0.07 (MHz/°C) at 30, 40, 60, and 80°C, 

respectively. 

Table 4. A comparison between our design sensitivity with previous sensors. 

6. Conclusion  

To the best of our knowledge, for the first time, a defected phononic crystal based high sensitive 

gas sensor. Our study shows a remarkable sensitivity towards O2, CO2, NH3, and CH4 gases 

based on [(Lead/Epoxy)2 - (different gases) - (Lead/Epoxy)2] structure for the first time. The 
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inserted gases in the defected layer, make specific Fano resonant peaks through the phononic 

band gaps that related to the properties of each gas. Based on our literature review, no complete 

study showed a sensitivity, quality factor, and figure-of-merit investigations based on the 

transfer matrix method. For the first time, our proposed phononic crystal gas sensor shows high 

sensitivity values due to the appearance of Fano resonance peaks. Moreover, we introduced the 

effect of damping rate of the incident wave inside our gas sensor on the sensitivity and FWHM. 

The effect The effect of temperature (30 oC-80oC) on the sensitivity, 𝐹𝑊𝐻𝑀 and quality factor, 

and the damping rate of the [(Lead/Epoxy)2 - (different gases) - (Lead/Epoxy)2] 1D-DPC gas 

sensor for O2, CH4, CO2, and NH3 gases was studied and calculated. 
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The Possible Impacts of Sedimentation to The Dam Structures 

Case Study Humbo-Wayne Dam Structure 

Yahye Ahmed Daud1 

Abstract  

Humboweyne dam structure is a dam that located north east in Hargeisa city of Somaliland 

(unrecognized sovereign state in the Horn of Africa.), The dam is built for keeping the flood 

water from hills which used to go directly into the sea without the benefits. The main aims of 

this study are to identify the possible impacts of sedimentation on the Humbo-weyne reservoir 

and measuring the technique to assess and to choose the suitable management strategy to control 

the sedimentation based the two technical reports from Hargeisa Water Agency. 

Humbo-weyne dam structure project funded by United Arab of Emirates UAE, starting time of 

the project was 28-12-2015 and the completion time was April 24, 2017 The Reservoir capacity 

design of the dam was 500,000 m3.  The main purposes of project were water supply and 

livestock demand  [3]. After two year of completion time the Sustainability of Humboweeyne 

reservoir was severely threatened by sedimentation resulting from design errors, deforestation 

of the catchment, climate change effects and natural geomorphologic processes of the 

Humboweeyne catchment.  the reservoir began to loss of water-storage capacity due to 

Sediments from the floods which eventually leads the reduction reliability of the project 

purposes. 

Keywords: Humbo-Wayne Dam, Reservoir, Water Supply, Sedimentation. 

 

1.Introduction 

Reservoir sedimentation occurs worldwide at a rate of about 0.8 percent per year, but the 

sedimentation rate in many regions such as Asia is much higher. Using an average rate, 

(Palmieri, 2003) estimated the loss to be approximately 45 km3 per year. The cost of replacing 

the lost storage is significant; nearly US$ 13 billion per year would be needed, even without 

including the environmental and social costs associated with new dams [1] 

 
1 Necmettin Erbakan University Graduate School of Natural and Applied Science. 
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The average age of reservoirs is now about 30 years and since many reservoirs have been 

designed with a dead storage for sedimentation of about 50 years, serious sedimentation 

problems are going to develop with about 40 percent of the storage capacity in reservoirs 

affected within the next 20 years. Most of the existing reservoirs in the world could be 

completely silted up in 200 to 300 years from now, with large reaches of river system 

permanently lost. [2]. 

Sustainability of Humboweeyne reservoir is severely threatened by sedimentation resulting 

from mis designing deforestation, climate change and natural geomorphologic processes of the 

Humboweeyne catchment.  Management strategies of sedimentation in Humboweeyne 

reservoirs cannot be apprehended by a standard generalized rule or procedure.   

In this paper we discus to identify the possible impacts of sedimentation on the Humbo-weyne 

and measuring technique to assess and to choose the suitable management strategy of 

sedimentation. In study we discuss the causes and impacts of project design on project 

1.1. Problem Statement and Project Purpose 

Sedimentation of Reservoirs decreases project benefits, and causes negative impacts upstream 

and downstream of the dam. The decreased project benefits, such as the reduction of reliable 

water supply, or limited storage capacity for floods, negatively impacts those who rely upon 

these benefits. Over time, sedimentation reduces the storage capacity of the reservoir and will 

eventually impair the dam outlets and other facilities associated with the reservoir. In addition, 

sand and gravel deposition forms a delta at the upstream end of the reservoir. The delta often 

extends upstream of the reservoir pool and increases groundwater levels and the flood stage 

along the upstream river channel. 

Humbo-weyne water dam project funded by the UAE and the Construction of the dam began 

in 28-12-2015 The Reservoir capacity design of the dam was 500,000 cubic Meter according 

to Hargeisa Water Agency manager.  The primary purposes of project is for storage and safe 

retention of water and use for irrigation and water supply and livestock demand [3].  

The construction Humboweyne Dam project was completed April 24, 2017. After two year of 

completion the reservoir began to loss of water-storage capacity due to Sediments from the 

floods which eventually leads the reduction reliability of the project primary purposes. 
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1.2 Study Objectives 

1.2.1 General objectives 

The main significant of this study is to underline the causes of Humbo-weyne reservoir capacity 

loses and the possible impacts of sedimentation to the dam structure  

1.2.2 Specific objectives 

Appendix A. To assess the current conditions of the Humbo-weyne Dam reservoir  

Appendix B. To Find out the impact of the Dam to the surrounding environment  

Appendix C. To underline causes of the sedimentation 

Appendix D. To assess the impact of sedimentation and silt on the dam 

2. Literature review 

  2.1. Stages of Reservoir sedimentation 

 Reservoir sedimentation is a process of erosion, entrainment, transportation, deposition and 

compaction of sediment carried into reservoirs formed and contained by dams. In unregulated, 

mature rivers with stable catchments, sediment processes are relatively balanced. Construction 

of a dam decreases flow velocities, initiating or accelerating sedimentation, resulting in 

progressively finer materials being deposited.  

There are three stages in a reservoir’s life: 

• Continuous and rapidly occurring sediment accumulation;  

• Partial sediment balance, where often fine sediments reach a balance but coarse sediments 

continue to accumulate; and  

• Full sediment balance, with sediment inflow and outflow equal for all particle sizes. 

The 2,100- MW Aswan High Dam project on the Nile River in Egypt includes a 111 m high 

dam that impounds a 130 km3 reservoir. This dam has been controversial, largely due to 

concerns regarding sediment starvation of the Nile River Delta.15 Before construction of this 

dam, the Nile River transported an average of 100 x 106 tons/yr of sediment to the Nile River 

Delta in the Mediterranean Sea. Today, with a trapping efficiency of 99%, little sediment 

reaches the delta.15,16 While the live storage capacity of the Lake Nasser/Nubia reservoir 

upstream of Aswan High Dam is not expected to be compromised for another 300 to 400 
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years,17 the adverse downstream impacts have been widely reported.15 Erosion along the 

Mediterranean coast of Egypt has been ongoing for centuries, but the sediment trapping has 

combined with sea-level rise and other factors to exacerbate coastal erosion problems. [4] 

The 520 MW Dez hydroelectric project in southwestern Iran features a 203 m-high concrete 

arch dam. Reservoir sedimentation has caused the riverbed to rise by about 2 m per year, 

resulting in the loss of about 19% of reservoir storage during its 40 years of operation. As of 

2016, the reservoir bed was now within 12 m of the power intakes, such that sediment may be 

drawn into the tunnels within a decade. Sediment management strategies considered for the Dez 

project included watershed management, sediment flushing, tactical dredging near the power 

intakes, and heightening the dam. The optimal solution was determined to be sediment flushing, 

managed by means of powerhouse and spillway operation changes. 

Another issue was the fact that sediments had risen above the low level outlets. As sluicing of 

the sediments through the Howell-Bunger valves introduced a risk of damage to the valves, a 

physical model was built to evaluate replacing these valves with radial sluice gates. Results 

showed that the downstream river reach could not tolerate the amount of scour associated with 

this modification, so the Howell-Bunger valves were redesigned with abrasion-resistant 

materials. [5]  

3.Description of the Study Area  

Humboweyne dam project is a dam that located north east in Hargeisa main city of Somaliland 

( is a self-declared sovereign state lies in the Horn of Africa.). Humboweyne dam is built for 

reciave  the running water from hills which goes directly into the sea without the benefits.  

The Hamboweene catchment is located on gently-sloping and dissected gravel plain colonized 

by scrub and small woody trees draining the escarpment line between Bederwanak and Borama. 

The proposed dam is located just before toga Hamboweyne cuts through the coastal range of 

hills to emerge in the coastal desert plain which lies between the hills and the Gulf of Aden 

(Concer). Togga Hamboweyne is one of the larger fluvial systems which cross this region over 

the comparatively short distance from escarpment to sea. The togga has a number of different 

names, starting as MaroodiJeex in the Hargeisa headwaters, becoming togga Hamboweene past 

the farming village of the same name, and then continuing as togga Waheen to the coastal 

village of Bulhaar. The proposed Hamboweene dam axis is located at coordinates 9.888621N, 

44.321252E with the existing togga bed level at 870 ma DEM, that is, 848 m above the sea 

https://en.wikipedia.org/wiki/Sovereign_state
https://en.wikipedia.org/wiki/Horn_of_Africa
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level. 

 

Figure 3.1: Location of Proposed Dam Sites and Tug MaroodiJeeh 

3.1. Topography 

The Hamboweene catchment is located on gently-sloping and dissected gravel plain colonized 

by scrub and small woody trees draining the escarpment line between Bederwanak and Borama. 

The proposed dam is located just before toga Hamboweene cuts through the coastal range of 

hills to emerge in the coastal desert plain which lies between the hills and the Gulf of Aden. 

The plateau area of the upper catchment extends north from the escarpment line from 

Bederwanak to Aburin, with elevations between 1000 and 1400 m, and it is crossed from west 

to east by the main MaroodiJeex valley which cuts down in to Nubian sandstone. 
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Figure 3.2 Topography of the Area around proposed Hamboweene Dam 

3.2. Rainfall and Climate  

The climate in the Hamboweene catchment is semi-arid with a belt of higher rainfall along the 

Hargeisa escarpment area, reaching over 500 mm mean annual in the west, and declining to 

380 mm at the proposed dam site. The lowest mean annual rainfall of 157 mm occurred at 

Hargeisa in 1965 and the highest of 834 mm in 1980. Rain usually occurs as thunderstorms, 

with downpours lasting a short time and covering small areas, mainly in the Gu rainy season 

from April to September. Short-lived storms generate “spates” of runoff lasting for a few hours, 

and the more widespread storms will produce runoff lasting several days. The following table 

summarizes catchment climate: Table 3.1: Rainfall and Climate of Humboweyne dam 
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Table 3.1: Rainfall and climate of humboweyne dam 

 

Potential Evapotranspiration [PET] in the Hamboweene catchment lies in range 1500 to 2700. 

Mean temperature is high in the range 25-35ºC in the northern coastal region of Berbera while 

it is cooler on the Hargeisa plateau, where it varies from about 15-23ºC. The relative humidity 

[RH] is higher in the coastal region at Berbera, some 70 – 75%, and lower in the Hamboweene 

headwaters. 

 3.3. Humbo-Weyne Runoff  

There are no perennial rivers in the catchment, although there may be some waterholes 

maintained by groundwater. A common feature during the rainy season is the appearance of 

seasonal ponds, which last for several months. The main features of toga Hamboweene are large 

spates lasting a few hours or days which transport a large volume of sediment, and only have 

surface runoff after heavy rainfall, typically when in excess of 5 to 6 mm. For significant floods 

to occur, the threshold rainfall value has been reported to be 15 t 

20 mm. The construction of any dam or weir in the region has to bear this fact in mind during 

the design and operation of the structure. 

3.4. Soil and Geology  

The Hamboweene catchment has developed in the “mountainous zone” of Western Somaliland 

which extends in a wide continuous belt from Borama through Hargeisa to Sheikh. The terrain 

is difficult to cross as it is incised by numerous south-north togga systems cutting through the 

coastal ranges of hills which lie parallel to the coast, with deep valleys, steep slopes, hills and 

mountain ranges. The southern boundary of the catchment is marked by the edge of a large 

sedimentary plateau which slopes gently towards the Indian Ocean in the south-east. The most 

prominent feature of this boundary is the karstified limestone escarpment. Immediately north 

of the escarpment, the Hamboweene catchment is dominated by the Nubian Sandstone 
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formation, and masked by Quaternary sands and gravel with a small area of basalt exposed in 

the vicinity of the dam site. The geology of the catchment is summarized in Figure2 

 

Figure3.3: Geology and Cross-Section of HamboweeneCatchment 

3.5. Catchment Erosion Model  

Rates of catchment erosion have been calculated using GLEAMS daily water balance and 

sediment model based on climate parameters and mapped areas of soil, slope, land-use and 

vegetation. Leptosols form the majority soil group with small areas of nitisols. Slopes for the 

area were derived from the 30m-DEM ranging from flat to 45 degrees. Steep slopes are 

associated with Nubian Sandstone mesa landforms and the Araudu escarpment along the 

southern catchment boundary, but the rest of the catchment is characterized by a flat to gently 

sloping plateau terrain. TRMM daily rainfall data for the period 1998-2015 were used, in 

combination with temperature and solar radiation data from the Hargeisa weather station. The 

average rate of erosion in the Hamboweene catchment is 25 t/ha/yr varying from 1.3 to 373 
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t/ha/yr, and based on the present land-use conditions. The rate of erosion increases with slope 

and is highest for barren/scrubland and the nitisol soil category, in contrast with farmed land in 

the headwaters of the MaroodiJeex where rates are less than 10 t/ha/yr. Erosion will also vary 

considerably from year to year, dependent on rainfallrunoff, varying from 202 t/ha in the wet 

year of 2012, to 27 t/ha in the dry year of 2009. 

 

 

Figure 3.4: Spatial Distribution of Erosion in the Hamboweene Catchment 

3.Sedimentation at Hambo-Weyne Dam  

The UAE has been building recharge dams since the 1980s and CONSER designed and built 

many of the 140 existing dams in the country. Contractors regularly survey and excavate 

sediment which has accumulated in these reservoir basins, which make it possible to establish 

the rate of sedimentation from wadi runoff more precisely. These studies concluded that 

sediment load deposited in reservoirs could be estimated as 1.5 to 2% of MAR [mean annual 

runoff]. When applied to the Hamboweene MAR of 0.235 m 3 /s, sedimentation would occur 

at a rate of 82 to 109 m3 /km2 /yr [3]. These predicted rates of sediment delivery are higher 

than some published research carried out by Walling and Webb (1996) for the Horn of Africa, 

which shows rates of 33 to 67 m3 /yr/km2 of which the upper limit appears to be appropriate 

for the Hamboweene conditions. The GLEAMS model shows that the annual average rate of 

erosion in the Hamboweene catchment is 979t/km2 /yr. Only a small proportion of eroded 

sediment will be transported to the dam site. The large size of the catchment and the lack of 

perennial rivers increase the lag in sediment movement across the catchment, and the runoff 

modeling shows that togga spates will only occur for 10% of the time, delivering 98.6 t/km2 
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/yr, equivalent to 65.7 m3 /yr/km2 .This is roughly the same as the upper limit of the Walling-

Webb results and the lower end of the UAE data. This rate of sedimentation can be expected to 

fill the planned reservoir storage of 680 Ml at TWL in 7.6 years. The impact on yield was 

determined by running the reservoir model with 50%dead storage, which would represent the 

situation after a period of 3.8 years, and the 20 yr yield would be reduced to zero (WorldBank, 

2000). 

 

A system or programme for removing the sediment will therefore be required, in order to retain 

the planned volume of operational storage. Such sediment removal would need to be planned 

routinely and it may be viewed as a means of returning good quality soil to areas of farming in 

the Hamboweene village area. 

4.Analisiz and Results  

   4.1 Storage Capacity Loss 

 Field study at selected Humbo-weyne reservoir was undertaken with the purpose of 

carrying out bathymetric survey of the bed of the reservoir and observation of the deposited 

sediments in the reservoir. Field testing of sediments in the reservoir was also attempted. 

The bathymetric survey provided information on the current storage capacity of the 

reservoir as well as the geometrical data necessary for creating hydraulic models of the 

reservoir to study the effects of dam failure on the accumulated sediment. The analysis of 

sediment taken from the reservoir provided information on the properties of sediments in 

Humbo-weyne reservoir including those necessary to analyze the likely movement of the 

sediments under dam failure. The initial storage capacity of the Humbo-weyne Reservoir 

was estimated at 500,000 meter cubic based upon historical data [3] and our core data. 

Permanent reservoir capacity loss by time of dam failure was 86%. Our core data permitted 

evaluation of capacity loss at specific time intervals. Field observations indicate significant 

colluviums storage in this region Further discussion of the provision of the reservoir act is 

given in below: 
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Appendix A. 89% are filled sediment  

Appendix B. 4% are service reservoir  

Appendix C. 5% are various concrete dam  

Appendix D. 2% are unknown types 

 

Figure 4.1: Storage capacity loss of the reservoir 

4.2 Mitigations for Reservoir Sedimentation 

Reservoir sedimentation is a natural phenomenon that occurs when a considerable portion 

of silt eroded from a catchment and delivered by the flood settles on the reservoir bed. The 

reservoir's living and dead storage capacities are both reduced as a result of sedimentation. 

Sediment accumulation causes a gradual decrease of reservoir capacity, which reduces 

advantages and may potentially cause operational issues. As a result, it becomes important 

to monitor the sedimentation rates in existing reservoirs at regular intervals in order to 

assist in the planning and implementation of appropriate remedial actions for reducing 

sedimentation in order to extend the reservoir's life and advantages (Garg, 2009) [6]. 

According to Garg (2009), the following are the mitigation for reservoir sedimentation; 

Silting control in a reservoir: In order to increase the life of a reservoir, it is necessary to 

control the deposition of sediments. Various measures are undertaken in order to achieve this 

      aim. The various methods which are adopted can be divided into two parts: 
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- Pre-constructing measures and 

- Post- constructing measures 

Reduce Sediment Inflow: Techniques like erosion control and upstream sediment trapping can 

help limit sediment delivery to reservoirs. 

Route Sediments: Techniques such as drawdown during sediment-laden floods, off stream 

reservoirs, sediment bypass, and venting of turbid density currents may be used to hydraulically 

route some or all of the inflowing sediment load beyond the storage pool. 

Sediment Removal: Hydraulic flushing, hydraulic dredging, or dry excavation can all be used 

to remove sediments that have accumulated over time. 

Afforestation: Afforestation for reservoir protection should be done in a scientific manner, and 

effective afforestation will help with this by providing not just the beneficial features of 

watershed protection but also the desirable qualities of reservoir protection. 

Check dam is a small dam that is placed over a micro channel or drainage ditch and can be 

either temporary or permanent. 

Desilting: When there is a considerable accumulation of semi-decomposed leaf litter and other 

organic detritus, desilting may be required. This debris tends to lower oxygen levels in ponds 

and lakes, and because it frequently generates acidic conditions, it can diminish pond or lake 

fertility. 

Erosion control; Due to land development and other human behaviors, many watersheds are 

experiencing rising erosion rates. There are three types of erosion control techniques: structural 

or mechanical, vegetative, and operational (Morris, 1998). Terraces, conveyance channels, 

check dams, and sediment traps (Morris, 1998) are examples of structural or mechanical 

techniques that reduce overland or channelized flow velocity, enhancing surface storage and 

thereby reducing sediment load in runoff. Plants' natural ability to reduce erosion is used in 

vegetative erosion management. Agricultural measures that reduce the amount of silt produced 

are especially beneficial. 

Operational measures, such as planning, administration, and organization, help to reduce 

erosion. Construction activity might be timed to avoid erosion, or timber harvesting can be 

planned to coincide with beneficial soil conditions (Wang, Z. Y., & Chunhong, H. U. (2009).  
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Because land users may not experience any direct benefits from decreasing sediment yield, 

erosion management is likely the most extensively advocated but least adopted sediment 

management approach (Wang, Z. Y., & Chunhong, H. U. (2009)) [7]. 

5.Conclusion and Recommendations 

5.1.Conclusion 

Humboweyne dam project is a dam that located north east in Hargeisa city, near Jaleelo the 

dam is built for keeping the running water from hills which used to go directly into the sea 

without the benefit of residents nearby. So, Our Conclusion is about what we have already done 

in our assessment based on technical evaluation of Humbo-weynedam which almost lost the 

reservoir capacity volume due to sedimentation and silt. Deposition of sediment occurs in the 

reservoir and upstream from it, and erosion of the riverbed takes place downstream from the 

dam. The effects of sedimentation are manifold. It is recommended to study the possible 

impacts of sedimentation on the planned performance of the water resources project in the 

planning stage of the project, including the effects of sedimentation on the useful life of the 

reservoir; on the physical conditions up and downstream from the reservoir; on the ecology of 

the reservoir and downstream river reach. The loss of storage by sedimentation affects the 

various users of the reservoir; Neglect of sedimentation in the analysis may lead to failure of 

the project due to its falling short of the expected benefits or the necessity of costly remedial 

measures in the future. 

Finally, the assessment we have made from the Humbo-weyne dam comes out not achieving 

the intended purpose of the dam which was to bring water in the dam into the Hargeisa city by 

water supply system, to benefit from the community in the area and to recharge boreholes that 

drilled at Jaleelo area. So, the Humbo-weyne dam project is failed because of the location that 

was not suitable for the dam and for technical reasons. 

5.2. Recommendations 

1. Must be done on site study before the project is implemented 

2. Good design should be done at the appropriate project before implementation to avoid any 

project's failure to spend 

3. Must learn lessons from the mistakes of the past in order to avoid that this be back 

4. The government should do another dam that close to the Hargeisa city and the people can 
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benefit from it 

5.  It should be searched in another suitable location for Dam 

6. The government should take care the all above factors that effects on the implementation 

policy  

7.  To use check dams when making a dam that minimize the amount of sediment reaching the 

reservoir from upstream. 
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Improving the Olive Oil Quality Assessment Using Feature 

Reduction Methods 

Zainab Ali1, İman Askerzade2 

 

Abstract 

Olive oil quality assessment requires sensory analysis, which is an expensive and time-

consuming process. Classification techniques are being used to compensate for that analysis, 

by predicted the quality of the olive oil based on its characteristics. To improve the performance 

of these classifiers, which is limited by the noise in the data and their high dimensionality, two 

feature reduction methods are evaluated in this study, the Principal Component Analysis (PCA) 

and Linear Discriminant Analysis (LDA). The results show that the LDA has been able to 

improve the performance of the classifiers by improving the quality of their predictions and 

reduce the time required to process the inputs, when evaluated using the Support Vector 

Machine (SVM), Random Forest (RF) and Artificial Neural Network (ANN) classifiers. The 

results also show that the ANN has been able to achieve the highest performance with 80.85% 

accuracy and sensitivity with 82.70% specificity. Hence, the use of the LDA feature reduction 

method with the ANN classifier is recommended for olive oil quality assessment, based on the 

results of this study. 

Keywords: Olive Oil Quality, Food Quality Assessment, Support Vector Machine, Random 

Forest, Artificial Neural Network, Principal Component Analysis, Linear Discriminant 

Analysis. 

 

1. Introduction 

The assessment of food quality using Artificial Intelligence (AI) techniques has been able to 

improve the efficiency of the production procedure, by providing an early prediction of the 

quality, so that, the necessary steps to improve the quality are taken into consideration[1]. One 
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of the challenging tasks in food manufacturing is olive oil production, according to the different 

types of olive, which require different processing procedures. Mainly, there are three types of 

olive oil, Extra Virgin Olive Oil (EVOO), Virgin Olive Oil (VOO) and Lampante Olive Oil 

(LOO). Unlike the other two types of olive oils, which can be directly consumed by humans, 

LOO requires additional processing and refinement. However, according to the high number of 

features that characterize the type of olive oil and the high similarity among the different types 

of oil, regarding these features, distinguishing the type of the olive oil requires the use of AI[2]. 

Normally, in addition to the chemical analysis of the olive oil, such as its absorbance, peroxide 

level and free acidity, sensory analysis is required by a taste expert. This sensory analysis is an 

expensive and time-consuming task, according to the need for an expert in that field and the 

slow process of tasting the olive oil. Alternatively, several studies have attempted to 

compensate for the sensory analysis by predicting the type of the olive oil directly from its 

characteristics, by using AI techniques. However, the huge amount of information that is 

required to be collected from each sample and the existence of noisy data in the collected feature 

value have limited the performance of these methods[2-4]. 

In addition to classification techniques, which have the ability to predict the class on an input 

based on its feature values, Machine Learning (ML), which is a field of AI, also has techniques 

that have the ability to reduce the dimensionality of inputs, while maintaining the distinctive 

information that allows further analysis of these samples[5, 6]. Supervised techniques, such as 

Linear Discriminant Analysis (LDA) extracts these values based on their influence on the class 

that each of the original features have towards the class the input belongs to[7, 8]. Alternatively, 

the unsupervised dimension reduction method,Principal Component Analysis 

(PCA)[9],attempts to find the combination of features that maximizes the variations among the 

input samples, by defining a new hyperplane in the features domain, based on the required 

number of features to represent each input. In addition to the reduction in the execution time 

required to process each input, according to the simpler classification models required to 

process lower number of features, these methods also improve the performance of the classifiers 

by reducing the influence of noise that may occur in certain feature values from the collected 

data[10-12]. 

In this paper, we evaluate the ability of both the LDA and PCA methods to reduce the 

dimensionality of the features that characterize each sample of olive oil and improve the 

performance of three classification techniques, Random Forest (RF), Support Vector Machine 

(SVM) and Artificial Neural Networks (ANN). The improvement in the performances of the 
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classifiers is evaluated based on the improvement of the quality of their predictions and the 

reduction in the execution time. These improvements are results of the reduced influence of the 

noise in the input features, which improves the quality of the predictions, and the reduction in 

the number of features, which reduces the complexity of the models required to process these 

inputs.  

2. Materials And Methods 

This section provides an overview of the techniques that are used in this study to reduce the 

dimensionality of the input data and classify each type of olive oil using the selected 

classification techniques. 

2.1. Feature Reduction 

PCA is considered one of the most widely used multivariate method, which converts several 

correlated features into the desired number of uncorrelated linear variables. This conversion 

relies on generating principal components, in which the first component contains the most 

information extracted from the data, whereas the information in the components decreases as 

more components are extracted. Accordingly, the dimensionality of the data is reduced by 

selecting the first principal components, based on the desired number of features. These 

components are generated by recognizing a new coordinate system, within the domain of the 

original values, in which most of the information in the data is concentrated, as shown in Figure 

1. Accordingly, this operation is unsupervised and the components are generated based on the 

distribution of the data points in the domain, regardless of their influence on the class that each 

data instance belongs to[9, 13]. 

 

Figure 1: Component extraction from a three-dimensional domain [9]. 
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Alternatively, the LDA method takes into consideration the class that each data instance belongs 

to when generating the new coordinate system, so that, the distances among the means of the 

features of the instances in each class is maximized with the other means, whereas the distances 

between that mean and each data instance of the same class is minimized. Hence, the LDA 

requires the knowledge about the labels assigned to each data instance, i.e., supervised 

learning[14].  

2.2. Classification 

The SVM classifier generates hyperplanes that maximize the distances between them and the 

data instances of each class in a multi-dimensional space, where the number of dimensions is 

equal to the number of input features, as shown in Figure 2. When a data instance is to be 

classified, it is mapped into the space and the class it belongs to is predicted based on the class 

dominating that part of the space, split by the hyperplanes. Although the SVM classifier is 

originally proposed for binary classification, it has shown the ability to interact with multiple 

classes and provide good performance, compared to other classifiers[15].  

 

Figure 2: Illustration of SVM classifier principle [16]. 

The RF classifier uses multiple decision trees, each trained using a subset of the dataset, to 

predict the class of each input, by passing that input into each of the trees and collects their 

predictions to produce the final prediction. Each tree contains a set of IF/THEN statements, 

which are generated based on the information gain of each feature, with respect to the classes 

of the data instances. If a decision can be made based on the values of that features, the tree 
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outputs that decision, otherwise, it investigates the next feature with the highest information 

gain. The use of multiple decision trees enables avoiding the problem of overfitting, which is a 

result of relying on a limited number of features, which may occur in a single tree according to 

the high information gain of certain features and the effect of noisy data[17, 18].  

An ANN uses a set of artificial neurons, each calculates its output based on the weighted inputs, 

distributed in layers, as shown in Figure 3, to compute the required output. The weights of the 

inputs, as well as a bias value, of each neuron are optimized using the feature values and the 

required output, so that, the neural network can achieve the intended task. Each neuron also 

uses an activation function, which processes the weighted sum of inputs, to provide the neural 

network with the non-linearity required to accurately compute the required outputs for non-

linear applications. For multi-class classification applications, the number of neurons in the 

output layer is set according to the number of possible classes, so that, the output of each neuron 

represents the probability of the input to be in the class correspondent to that neuron. Hence, 

the Softmax activation function, illustrate in Equation 1, is used in these neurons, so that, the 

summation of their outputs sums up to 1, i.e., 100%[2, 19, 20] 

 

Figure 3: A sample artificial neural network [2]. 

 

σ(z⃗)i =
ezi

∑ ezjK
j=1

 (1) 
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2.3. Methodology 

The proposed methodology aims to use the PCA and LDA feature reduction techniques to 

improve the performance of classifiers in classifying the type of olive oil, so that, the sensory 

analysis is compensated, based on the predictions of the classifiers. Hence, as shown in Figure 

4, the dataset is normalized and split into training and testing sets. Then, the dimensionality of 

the data is reduced using both the PCA and LDA techniques. The original data, as well as the 

reduced sets, are used to evaluate the performance of the SVM, RF and ANN classifiers. Per 

each classifier, for each dataset, the quality of the predictions is calculated, by calculating the 

accuracy, sensitivity and specificity, as well as measuring the execution time. This evaluation 

illustrates the influence of the PCA and LDA techniques on the performance of the classifiers 

when processing olive oil data.  

 

Figure 4: Block diagram of research methodology. 
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3. Performance Evaluation  

To evaluate the influence of the PCA and LDA techniques on the performance of the classifiers 

when predicting the type of olive oil, a set of experiments is conducted using the olive oil dataset 

[2]. 

3.1. Experimental Setup and Dataset 

To evaluate the performance of the classifiers and the influence of the feature reduction 

techniques on their predictions, these methods are implemented using Python programming 

language. The PCA, LDA, SVM and RF techniques are implemented using Sci-Kit Learn 

library, whereas the ANN is implemented using Tensorflow Machine Learning library. All 

experiments are conducted using a computer with Intel Core-i7 processor, running at 2.8GHz 

frequency, with the support of Nvidia GTX 1080ti Graphical Processing Unit (GPU), with 8GB 

of memory, to accelerate the matrices operations of the Tensorflow library. The computer also 

has a total of 16GB of Random-Access Memory (RAM). 

The olive oil dataset [2] consists of 701 data instances, each characterized by 113 features, in 

addition to a label, which presents the category of the olive oil, i.e., EVOO, VOO or LOO. 292 

samples from this data are collected from the harvest of 2014-2015, whereas the remaining 409 

samples are collected from the 2015-2016 harvest. In total, the dataset contains 190 EVOO, 

355 VOO and 156 LOO samples. Out of these instance, 560 instances are selected for training, 

i.e., 80% of the dataset, whereas the remaining 141 instances are used for evaluation.  

3.2. Dimensionality Reduction 

According to the high number of features that characterize each data instance and according to 

the sensitivity of classifiers to the noise that may occur in the values of these features, PCA and 

LDA techniques are applied to reduce the dimensionality to only two features. In addition to 

the reduction of the complexity of the models required to process these inputs, the use of only 

two features also allows the provision of a visual illustration of the data. As shown in Figure 5, 

the ability of the LDA technique to take the category of each data instance into consideration 

has provided significantly better distribution, compared to the distribution provided by the PCA 

technique. However, despite the larger overlaps among the data instances of different classes 

in PCA, compared to the LDA, the distribution illustrates the ability of PCA to extract 

information from the dataset without the knowledge about the classes of the instances. This 
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distribution of the PCA supports the application of this method in [2] but the better distribution 

provided by the LDA illustrates its ability to further improve the performance of the classifiers. 

 

Figure 5: Distribution of the data instances in a two-dimensional space according to the PCA 

and LDA features. 

3.3. Performance of the Classifiers 

Initially, the performance of each classifier is measured by measuring the accuracy, sensitivity 

and specificity, as well as the execution time, using the normalized dataset, without applying 

any dimensionality reduction. These results are compared to the same measures of these 

classifiers when the PCA and LDA are applied. According to the results shown in Table 1, the 

ANN has been able to achieve the highest accuracy, compared to the SVM and RF classifiers, 

even without the use of the PCA or LDA. This behavior is according to the ability of ANNs to 

recognize and emphasize distinctive features in the inputs, and the elimination of those that do 

not influence the decision-making, by adjusting their weights. The PCA has also shown no 

influence on the accuracy of the SVM classifier, whereas the LDA has significantly improved 

it, according to the better representation of data, which allows the SVM classifier to find more 

efficient hyperplanes to split the data instances. Moreover, despite the slight improvement in 

the accuracy of the RF classifier when using the LDA techniques, this accuracy has dramatically 

reduced when using the PCA techniques, which is according to the larger overlaps in the 

produced distribution. 

Table 1: Accuracy of the predictions collected from the classifiers. 

Classifier Original Data PCA LDA 

SVM 73.76% 73.76% 80.14% 

RF 75.18% 60.28% 78.01% 

ANN 80.85% 68.09% 80.85% 

 

Despite the similar accuracy achieved by the ANN with and without applying the LDA, the 

results shown in Table 2 show that the use of the LDA has been able to improve the specificity 
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of the model, while maintaining the sensitivity. However, these measures have both dropped 

when using the PCA techniques with the ANN and RF classifiers, which indicates the loss of 

some of the information in the dataset when its dimensionality is reduced using the PCA, as 

this technique does not take into consideration the relation between the feature value and the 

classes of the data instance.  

Table 2: Sensitivity and specificity of the classifiers in different scenarios. 

Classifier 

Original Data PCA LDA 

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity 

SVM 73.76% 76.47% 73.76% 76.47% 80.14% 80.34% 

RF 73.76% 76.47% 60.28% 63.46% 78.01% 77.32% 

ANN 80.85% 81.55% 68.09% 73.97% 80.85% 82.70% 

In addition to the improvement in the quality of the predictions achieved by using the LDA 

method, the reduction in the number of features that describe each data instance has reduced 

the complexity of the models required to process these inputs. As shown in Table 3, the SVM 

classifier has been able to achieve the lowest execution time for both training and prediction. 

Moreover, the ANN has consumed significantly longer execution time during the training 

process, according to its need to update the weights and biases of the network after each training 

epoch, where the ANN is set to train for 200 epochs. Additionally, the use of dimensionality 

reduction techniques has not been able to significantly reduce the prediction time required by 

the neural network, according to the ability of exploiting the GPU of the computer to parallelize 

the computations of the neural network, so that, a larger number of computations can still be 

executed in parallel in the same execution time.Combined with the better quality of the 

predictions provided by the ANN, this classifier has shown better overall performance, despite 

the slightly higher execution time, which agrees with the hypothesis proposed in [2] despite the 

lower accuracy achieved by the neural network implemented in this study. The lower accuracy 

can be a result of several factors, such as the structure of the neural network, the initial values 

of weights and biases, the optimization function t and the type of activation functions used in 

the hidden layer, where the Rectified Linear Unit (ReLU) is used in the neural network 

implemented in this study. However, this comparison is beyond the interest of this study, as the 

main aim of this study is to illustrate the influence of the PCA and LDA on the performance of 
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the classifiers. Hence, theperformance of the neural network proposed in [2] can be further 

improved by using the LDA method instead of the PCA method. 

Table 3: Training and prediction times for the evaluated classifiers. 

Classifier 

Training Time (millisecond) Prediction Time (millisecond) 

Original Data PCA LDA Original Data PCA LDA 

SVM 74 28 30 33 15 19 

RF 425 206 204 69 36 31 

ANN 4490 2710 2810 99 92 87 

4. Conclusion 

With the rapidly growing use of AI techniques in different applications, the employment of 

these techniques in food quality assessment has attracted significant attention in recent years. 

Olive oil quality assessment is one of the fields that require such application, according to the 

need to compensate for the expensive and time-consuming sensory analysis of the quality of 

the olive oil, in order to recognize the procedure required to process each type of the olive oil. 

Classification techniques have been used for this application but have suffered limited 

performance, according to the high dimensionality of the data and the relatively high noise in 

their values.  

In this study, the influence of two feature reduction methods is evaluated, one supervised and 

one unsupervised. The aim of the proposed method is to reduce the dimensionality of the 

dataset, to reduce the complexity of the classifier required to process these data, and reduce the 

effect of the noise on the performance of the classifier. Hence, the performance of the classifier 

is improved by improving the quality of the predictions collected from it and reducing the time 

required to process the inputs. The results show that the use of the LDA method to reduce the 

dimensionality of the input data has achieved better improvement, whereas the ANN classifier 

has achieved the best overall performance, despite the limited reduction in execution time. This 

limited reduction is according to the ability of the neural network to parallelize computations 

using the computer’s GPU, so that, a larger number of computations can be executed in the 

same interval. The use of the LDA method has improved the performance of all three classifiers, 

in terms of quality of predictions, which is measured using the accuracy, sensitivity and 
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specificity, in addition to reduce the execution time, compared to the use of the entire dataset 

or use the same number of features extracted using the PCA method. 
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