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Phase Change Material Passive Cooling of a Concentrated Photovoltaic System

Aminu Yusuf!

Abstract

Photovoltaic cells (PV) convert solar energy into electrical energy without releasing carbon
emissions. And by concentrating the solar energy onto the PV, the high electrical output power
can be generated. But concentrating the solar energy causes an increase in the surface
temperature of the PV, which will lead to a reduction in the output power. To maintain a high
output power of the PV, both active and passive cooling methods have been studied by many
researchers. In this study, a passive cooling method using a suitable phase change material
(PCM) is used to improve the output performance of the PV. This PCM is chosen because of
its good thermo-physical properties and it is relatively low cost. Using built-in mathematical
equations in COMSOL Multiphysics, numerical analysis is conducted for both standalone PV
(with free air convection cooling) and PV-PCM systems. The results reveal that, at the highest
concentration ratio, the surface temperature of the PV is reduced by 29 °C when the PCM
(RT28HC) is incorporated in comparison with a standalone PV system. Likewise, the maximum
output power and its corresponding energy conversion efficiency are enhanced by 36% and
35.7%, respectively. It is concluded that an effective cooling system should always be provided

for concentrated photovoltaic systems.

Keywords: Energy, cooling, phase change material, photovoltaic.

Discipline: Energy Engineering

! Department of Electrical and Electronics Engineering, Istanbul University—Cerrahpasa, Avcilar,
Istanbul, 34320, Turkey. basinunwala@gmail.com
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Introduction

Photons released by the sun can be converted into electrical energy through a photovoltaic
system (PV). The PV can only convert the photons that have the same energy as its band gap
energy (eV), while the photons with energy less than the energy of the band gap of the
semiconductor pass through the semiconductor as if it were a transparent layer. Finally, the
photons with energy greater than the band gap energy of the PV are converted into thermal
energy and heat up the PV cell. The heating up of the PV causes an increase in the surface
temperature of the PV and that can cause a performance reduction of the PV. By concentrating
energy from the sun, a large number of photons with the energy higher than the band gap energy
of the semiconductor used in the PV can be created. Thus, it is imperative to provide cooling to
the PV to avoid overheating the surface of the PV. One of the most effective ways of lowering
the temperature of the PV is through the use of a phase change material (PCM) [1]-[3], other
methods of cooling the PV are through the use of a thermoelectric generator [4], [5], water
cooling [6], wick cooling [7], and air cooling [8], [9]. A good PCM should have high latent
heat, and high thermal conductivity should be non-corrosive, odour free, stable, reusable, cheap
and abundant, and non-toxic [10]. Increasing the volume of the PCM can further enhance the
cooling, but that will add to the existing weight of the PV. Optimisation is often carried out to
determine the optimum volume where a trade-off between the performance enhancement and
cost/weight increase of the entire system. There are about three different types of PCMs namely
organic, inorganic and eutectic. Organic and eutectic PCMs have low thermal conductivities,
while inorganic PCMs are highly corrosive and their cyclic/reusability is lower than the other
two PCMs. Organic PCMs being inexpensive and highly abundant are generally most preferred
PCMs in the PV systems. The heat transfer problem between the back surface of the PV to the
PCM which is a result of the low thermal conductivity of the organic PCM can be addressed by

introducing fins into the PCM container.

In this study, the solar energy is concentrated and the performance of the PV with natural air
cooling and PCM cooling are numerically analysed. The effect of the PCM on the performance

of the PV operating under highly concentrated solar energy is discussed.

Description of the Models
Two PV models Figure 1a) standalone PV and Figure 1b) PV-PCM have been modelled and
analysed in COMSOL Multiphysics. Modelling of energy converters such as PV and

www.internationalstudentsymposium.com
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thermoelectric modules have been accurately conducted using the COMSOL Multiphysics [11],
[12].The properties of the PV are given in Table 1,where the reference efficiency of the PV is
15.6%, solar irradiance is 1000 Wm and efficiency temperature coefficient is 0.0045 K! [13]
are used. An aluminium PCM container is attached to the back side of the PV where the PCM
is RT28HC. In each case, the solar energy is assumed to be concentrated before reaching the
glass cover of the PV. Likewise, clear sky and sun-tracking systems are assumed to be
incorporated in the PV systems. The solar energy passes through the glass and EVA to reach
the PV cell. Thus, both the glass cover and the EVA should have high transmissivity and very
low reflectivity to allow the passage of solar energy. While since the conversion of solar energy
into electrical energy occurs by absorbing the photons with energy equal to the band gap energy

of the solar cell, the PV cell is expected to have a high absorptivity.

a) —Glass
——— EVA
E—
PV cell EVA
— Tedlar
— Aluminium sheet ]’PCM container
Figure 1: Proposed systems a) standalone PV, b) PV-PCM.
Table 1: Material properties of the PV cell [13], (Area 3x10°° m?).
T a &
pd Cp t k
Material (kg m?) J kg! K (m) (W m! K?)
Glass cover 3000 500 3x107 095 |18 0.05 0.95
PV cell 2330 677 3x10* 0.09 | 148 0.9 0.9
EVA 960 2090 3.8x10% | 094 | 035 0.027 |~
Tedlar 1200 1250 1.7x10"* 092 | 55 0.04 | -
Aluminium 2700 900 1.2x103% | - 237 | 0.02

The three dimensional heat energy equation in solid that is used to model the proposed systems

is given as [14]:

oT
pCy |50+ W VT|+ V- (q + q,) = —0T:

+0Q (1)

www.internationalstudentsymposium.com
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where p is the density, C, is the specific heat capacity at constant stress, 7 is the absolute
temperature, ¢- is the heat flux by radiation, u, is the velocity vector of translational motion, ¢
is the heat flux by conduction, Q is the additional heat source, w is the coefficient of thermal

expansion, S; is the second Piola-Kirchhoff stress tensor, Qe is the thermoelastic damping.

Electrical output power and energy conversion efficiency of the PV are given as [15]:
Py = CGA,,Tyn, (1 — Byo(Tpy — 298)) )

Mow = Tgy (1= Byo(Tpy — 298)) 3)

RT28HC PCM used in this study has solid and liquid densities of 800 Kg m™ and 700 Kg m™,
respectively. The PCM also has a latent heat of 250 kJ kg!, the thermal conductivity of 0.2 W
m™! K1, the specific heat capacity of 2000 J kg'! K*!, and melts in the range of 27 — 29 C.
Melting of the PCM occurs in the temperature range 7. + 0.547,,. Smooth function () has
values of 1 and becomes 0 just before and after the transformation. The specific enthalpy (H)

of the PCM is expressed as [14]:

H= %(9P1H1 + (1 - 6)p;H;) “)
Apparent heat capacity is:

Cp =5 OpyHy + (1= 0)psHy) + (H, = H) 57 (5)

where the subscripts 1 and 2 represent phases 1 and 2, while the mass fraction of the PCM is:

_ (1-8)p,—6p;
=, (6)

The latent heat distribution is defined as:

d d
CL(T) = (Hy — H) - = L= (7)

During the phase transformation, C; (7) is approximated such that the total heat released per

unit volume is the same as the latent heat (L):

prC+0.SATm
Tpc—0.54Tp,

Tpe+0.54T, d
C,(T)dT =L prpC osar ﬁdT =1L (8)

Density and the effective thermal conductivity and the of the PCM can be defined as:

www.internationalstudentsymposium.com
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p==0p +(1—-0)p, 9)
k =0k, + (1 —60)k, (10)

Results and Discussions

As given in Egs. (2) and (3), both the output power and the energy efficiency of the PV strongly
depend on the value of the temperature of the PV. Figure 2 shows the variation of the
temperature with concentrated solar energy for both standalone PV and PV-PCM systems. in
each case, the temperature of the PV increases with an increase in the concentrated energy and
the difference between the temperature of the PV for the two systems also increases with an

increase in the concentrated energy. This shows that the cooling provided by the PCM is more

effective at high concentrated solar energy.

550

= Standalone-PV -
e PV-PCM a
¢ 500 ™ . °
~— u °
> ] [ ]
o n [ ]
Y -
o 450 n . [}
o "
2 -
© 400 .
o .
£ °
() u
j— 350 o
u
°
300 T T T T T T T T T T T
0 50 100 150 200 250 300

Concentrated energy (kW m'2)

Figure 2: Plot of the temperature of the PV.
In Figure 3, the output powers for the PV operating in standalone PV and PV-PCM systems are
presented. At very low solar energy, the two-output power have very similar values, but with
an increase in the concentrated solar energy, the output power of the PV-PCM system out-
performed the output power of the standalone PV system; this is due to the cooling provided by
the PCM. At concentrated solar energy of about 220 kW m2, the output power of the standalone
PV system becomes negative, indicating that the standalone PV system should not be operated

up to that energy, otherwise it will burn. One can also see that there is an optimum concentrated

www.internationalstudentsymposium.com
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solar energy for each PV system.

0.025
° . m  Standalone-PV
. ¢ .l ® PV-PCM
0.020
e m ¢ )
—~~ u " L
< 0.015 - °
N :
5 . ’
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o [ ] L
o
+ 0.005
>
= .
>
o 0.000 - -
-0.005 |
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Figure 3: Plot of the output power of the PV.

Energy efficiencies of the standalone PV and PV-PCM systems decrease with an increase in
the concentrated solar energy as shown in Figure 4, this is due to the increase in the temperature
of the PV. It can be recalled that the energy efficiency is reduced by a certain factor, as the
temperature of the PV increases beyond the standard temperature test condition which is 25 °C.
Due to the cooling provided by the PCM, one can see that the energy efficiency of the PV-PCM

system is superior to the energy efficiency of the standalone PV system.

14 ®  Standalone-PV
- e PV-PCM
/\12_ [ ]
X =
;10— °
o " .
5 8-
— u [ ]
) |
£ 6 (I
() °
> | " °
o 47 - .
—
[0 g | ] [ ]
C 24 n b
w ] | | ° [ ]
0 -
4 u
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Concentrated energy (kW m'2)
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Figure 4: Plot of the energy efficiency of the PV.
In order to visualise the phase transformation of the PCM during the operation, Figure 5 is
presented. Here, one can see that at about 8 sec of the operation, the PCM is completely in solid
form. As the time in seconds progresses further say 15 sec of the operation, the PCM starts to
melt, and the melting starts from the wall of the PCM container which is aluminium. Meaning
that the heat absorption of the PCM is from the side walls. At 22 sec, the phase transformation
is just about to be completed. It should be noted that during the phase transformation, high
thermal energy is being absorbed by the PCM, and thus, enhanced cooling performance is

observed during this period.

8 sec 15 sec 22 sec

Figure 5: 2-D plot of phase transformation of phase change material from solid (0) to liquid (1) for the
PV-PCM model.

Conclusions

Standalone PV and PV-PCM systems are modelled and analysed in COMSOL Multiphysics.
The standalone PV system is cooled by natural air convection while the PV-PCM system is
cooled by RT28HC PCM. Results have shown that the PCM can enhance the performance of a
PV, where the difference between the temperatures of the standalone PV and the PV-PCM
systems can reach up to 29 °C. This causes the output power and its corresponding energy
conversion efficiency to be increased by 36% and 35.7%, respectively in comparison to the
standalone PV system. The energy absorbed by the PCM during the operation of the PV-PCM

system can be used for thermal application. The performance of the PV can be increased further

www.internationalstudentsymposium.com
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by increasing the latent heat and the thermal conductivity of the PCM.
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Polimer ve Hiimik Asit Uygulamalarinin Toprakta Hacimsel Biiziilme Parametresinin
Gelisimi Uzerine Etkileri

Hachim Igassiml
Nutullah Ozdemir?

Ozet

Toprakta biiziilme ve sisme kapasitesi ilizerinde etkili olan bilesenlerin katki ya da etki
derecelerinin bilinmesi uygun bir bitki gelisim ortaminin olusturulmasi, su kayiplarmin
azaltilmasi, erozyonun kontrolii ve arazi ydnetim planlarinin se¢imi agisindan oldukga
onemlidir. Bu ¢alisma, polivinil alkol (PVA), poliakrilamid (PAM) ve hiimik asit (HA)
uygulamalarinin baz1 toprak 6zellikleri ile hacimsel biiziilme parametresinin gelisimi iizerine
etkilerini belirlemek amaciyla sera kosullarinda yiiriitilmustiir. Arastirmada ti¢ farkli tekstiire
sahip yiizey toprak (kil, tin ve kumlu tin) 6rnekleri kullanilmistir. Serada, toprak érneklerine
PVA, PAM ve HA sirastyla 500, 100 ve 500 ppm dozlarinda uygulanmis ve dort farkli periyotta
(0, 15, 30 ve 45 giin) inkiibasyona tabi tutulmustur. inkiibasyon sirasinda topraklardaki elverisli
nemin %50’si tiikenince sulama yapilmustir. Inkiibasyonun tamamlanmasindan sonra
topraklarda yapilan analiz ve degerlendirmeler sonucunda, PVA, PAM ve HA uygulamalarinin
hacimsel biiziilme degerini diislirdiigii goriilmiistiir. Uygulanan diizenleyicilerin etkinlikleri
toprak tekstiir siniflarina, diizenleyici 6zelliklerine ve periyot siiresine bagli olmustur. PVA’nin

diger diizenleyicilere gore daha etkili oldugu saptanmistir.

Anahtar kelimeler: Polimer, hiimik asit, hacimsel biiziilme, toprak tekstiirii.

Disiplin: Toprak Bilimi ve Bitki Besleme Boliimii

! Ondokuz Mayis I:Jniversitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme Boliimii
2 Ondokuz May1s Universitesi Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme Boliimii
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Giris

Topragin kalitesi temel olarak insan niifusunun artmasi, ekilebilir arazilerin yogun ydnetimi,
kentlesme ve toprak bozulmasi nedeniyle tehdit altindadir. Tarim sistemlerinde uygun olmayan
ve siirdiiriilemez {iretim tekniklerinin yaygin kullanimi, toprak kalitesinin 6nemli Olgiide
bozulmasina ve toprak organik madde iceriginde ve mahsul iiretiminde azalmaya neden
olmaktadir [1, 2]. Topragin korunmas1 geleneksel olarak, tarimsal iiretim i¢in topragin yerinde
tutulmasiyla ilgili siiregleri vurgulamaktadir [3]. Tarimsal uygulamalarin gelistirilmesi ve
toprak kaynaklarinin yonetimi, arazi kullanim modellerini, yetistirme uygulamalarini (erozyon

kontrolii dahil) ve ¢evre iizerindeki sonuglar1 hesaba katmalidir [4].

Topraklar mekaniksel bilesim, kil igerigi, kil tipi, organik madde kapsami gibi temel
ozelliklerine bagl olarak birbirini izleyen kuruma ve 1slanma stireclerine bagli olarak biiziilme
ve genigleme siireglerine maruz kalirlar. Sigsme ve biiziilme olaylarina bagl olarak ortaya ¢ikan
catlamalar; bitki koklerinin ve geng fidelerin zarar gormesine, topragin su ve hava dengesinin
negatif etkilenmesine, nem kaybinin artmasina, sulama suyunun etkinliginin diigmesine ve
toprakta striiktiir bozulmasina yol agabilir [5, 6]. Bu nedenle topraklarin sisme ve biiziilme
potansiyellerinin ortaya konulmasi toprak yonetimine iligkin uygulamalar agisindan oldukca
onemlidir. Yiriitilen arastirmalarda topragin yapisal stabilitesini gelistirmek icin organik
polimerlerin uygulanmasinin miimkiin oldugu [7], kisa bir siire icerisinde topraklarin fiziksel
ozelliklerini gelistirmede yapay polimerlerin kullanilabilecegi tespit edilmistir [8]. Bu
dogrultuda, son yillarda polivinil alkol (PVA), poliakriamid (PAM) ve hiimik asit (HA) gibi
organik kokenli ¢esitli toprak stabilizatorleri ilizerindeki g¢aligmalar yogunlasmistir. Bu
caligmalarin ¢ogu, sentetik organik polimerlerin ¢ok diisiik konsantrasyonlarda bile toprak
ylizeyine uygulanmasinin topragin yapisal Ozellikleri ilizerinde olumlu etkileri oldugunu
gostermektedir [9, 10, 11, 12, 13]. Civelek [14] topraklarin dogrusal uzama katsayisi olan
COLE-¢ubuk ve hacimsel biiziilme degerleri lizerine bugday samani, findik ziirufu, hiimik asit
ve poliakrilamid diizenleyicilerinin etkilerini inceledigi arastirmada; diizenleyici uygulamasi
ile COLE-gubuk ve hacimsel biiziilme degerlerinin diistiigiinii, COLE-cubuk degerleri ile
organik madde arasinda istatistiksel olarak dnemli negatif iliskiler bulundugunu tespit etmistir.
Gizgin [15] ise yaptig1 caligmada, hiimik asit uygulamasinin topraklarin hacimsel biiziilme

degerlerini denetlere gore onemli dlgiide yiikselttigini belirlemistir.

Sentetik polimerler, hidrolik iletkenligi ve gozenekliligi artirmada, su tutma kapasitesini
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gelistirmede [16], ve erozyona kars1 direnci artirmada etkilidir [17]. Erozyon parsellerine (1x1
m) 20 kg ha! PAM, 0.3 kg ha'! amonyum lauryl siilfat (ALS), 5 ton ha™! sivilagtirilmig hiimik
madde ve 5 ton ha'! alg1 tasi uygulanarak yiiriitiilen bir arastirmada, sivilastirilmis hiimik
maddenin ylizey akisin1 %51 ve toprak kayiplarint %37 oraninda azalttigr bildirilmistir [18].
Benzer bir arastirma yliriiten Yonter [19] ise laboratuvar kosullarinda polivinilalkol (PVA) ve
poliakrilamid (PAM) uygulamasinin yilizey akis ve sicramanin neden oldugu erozyon
izerindeki etkilerini incelemistir. Arastirmanin sonuglari, artan PVA ve PAM dozlariin yiizey
akis miktar1, yiizey akis ve sicramayla olusan toprak erozyonunu dnemli 6l¢iide diisiirdiiglini

gostermistir.

Kassim ve Ozdemir [20] yaptiklar galismada, PVA, PAM ve HA uygulamalarinin topragin
dogrusal uzama katsayisi (COLE-¢ubuk) ve erozyon orani tizerindeki etkilerini incelemislerdir.
Arastirma sonucunda, diizenleyiciler COLE-gubuk ve erozyon orani degerlerini 6nemli
diizeyde diisiirdiigii tespit edilmistir. Yilmaz ve Uysal [21] yaptiklari ¢calismada, polivinilalkol
(PVA) ve poliakrilamid (PAM) uygulamalarinin yiizey akis ve toprak kayb1 iizerine etkilerini
incelemislerdir. Arastiricilar PVA ve PAM soliisyonu kumlu tin tekstiire sahip 3 adet toprak
ornegine uygulamiglardir. Arastirma sonucunda, adi1 gegen polimerlerin yiizey akis ve toprak

kaybini1 6nemli 6l¢iide azalttigi, ancak PVA’nin PAM’dan daha etkili oldugu saptanmustir.

Bir arastirma yiiriten Piccolo vd. [22] topraga 0.05 g kg! oraninda hiimik asit (HA)
uygulamasinin toprak kaybini %36 oraninda azalttigini, agregat stabilitesini ve su tutma
kapasitesini artirdigini bildirmislerdir. Piccolo ve Mbagwu [23] ise hiimik maddelerin (100 ve
200 kg ha!) toprak kayiplarini %40 oraninda azalttigini ifade etmisleredir. Sinkpehoun ve
Yonter [24] yaptiklar1 arastirmada simiile yagis (40 mm h') kosullarinda olusturulan sigrama
erozyonu tavalarina (30x30 cm) yerlestirilen tinli toprak orneklerine sivilastirilmig hiimik
maddeler (0, 5,10, 20 ve 40 mL L") uygulamislardir. Arastirmacilar, hiimik maddelerin yiizey
akisini (%24-45), akis (%7-97) ve sigrama (%3-37) ile toprak kayiplarin1 6nemli derecede

azalttigin1 bildirmislerdir.

Toprakta sisme ve biliziilme potansiyeli iizerinde etkili olan bilesenlerin etki ya da katki
derecelerinin ortaya konulmasi, uygun bir bitki gelisim ortaminin olusturulmasi, su kayiplarin
azaltilmasi, erozyonun kontrolii ve uygun bir arazi yonetiminin planlanmas1 agisindan oldukga
onemlidir. Bu ¢alisma, polivinil alkol (PVA), poliakrilamid (PAM) ve hiimik asit (HA)

uygulamalarinin  kil, tin ve kumlu tin tekstlire sahip topraklarda hacimsel biiziilme
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parametresinin gelisimi lizerine olan etkilerini belirlemek amaciyla yiiriitilmiistiir.

Materyal ve Yontem

Materyal
Bu arastirma Ondokuz Mayis Universitesi Ziraat Fakiiltesi deneme alam (41°36°-36°18") ile
Ondokuz Mayis Universitesi Bafra uygulama arazisinden (41°55°-35°86°; 41°50°-35°82")

alinan yiizey toprak drnekleri lizerinde yiiriitiilmiistiir.

Sera denemesinde, hiimik asit (HA), polivinilalkol (PVA) ve poliakrilamid (PAM) olmak iizere
tic farkli toprak diizenleyici kullanilmigtir. Hiimik asit olarak piyasada ticari olarak satilan,
icerisinde %15 hiimik madde igeren materyal kullanilmistir. PVA olarak organik ¢oziiciilerde
coziinmeyen ve Ozellikle sicak suda c¢oOziinebilen, Fluka etiketli PVA kullanilmistir.
Poliakrilamid olarak suda ¢oziiniir yapida olan ve ACROS firmasindan temin edilen PAM

kullanilmistir.

Yontem

Denemenin Kurulmasi ve Yiiriitiilmesi

Araziden alinan yiizey (0-20 cm) toprak ornekleri gélgede kurutulduktan sonra 4,75 mm’lik
elekten gecirilerek denemede kullanilmistir. Toprak ornekleri firin kurusu agirliklart esas
alinarak tartilip 1 kg’lik saksilara aktarilmigtir. Etiketlenen saksilara PVA, PAM ve HA
strastyla 500, 100 ve 500 ppm dozlarinda [25, 26, 27] olmak iizere, PAM ve HA saf su ile
karistirilarak, PVA ise saf suda 80 °‘C’de ¢dzelti haline getirildikten sonra uygulanmislardir.
Dort farkli periyodun (0, 15, 30, ve 45 giin) esas alindig1 ¢alisma, Toprak Bilimi ve Bitki
Besleme Boliimii’ne ait serada 30 Eylil 2020 tarihinde kurulmustur. Deneme siiresince
topraktaki elverisli nemin %50’si (0.33 atm) tiikenince sulama yapilmistir. Her periyodun
bitiminden sonra toprak ornekleri havada kurutularak elle ufalanmis ve analize hazir hale

getirilmislerdir.
Laboratuvar Analizleri

Toprak tekstiiri Bouyoucos hidrometre yontemi [28]; toprak reaksiyonu (pH) 1:2,5’luk toprak-
su karisiminda pH metre ile [29]; elektriksel iletkenlik degeri toprak-su karisiminda cam

elektrotlu elektriksel iletkenlik aleti ile [29]; topraklarin kire¢ kapsamlar1 Scheibler kalsimetre
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yontemi [29]; toprak organik maddesi Walkley-Black yontemi [29]; tarla kapasitesi [28];

katyon degisim kapasitesi Bower metodu [29] kullanilarak belirlenmislerdir.

Topraklarin hacimsel biiziilme degerleri (VS); toprak orneklerinin baslangic nem igerigi,
biiziilme sinir1 ve biiziilme orani degerlerinden faydalanarak asagidaki formiil yardimiyla
belirlenmistir [30].

VS = (W1 -—55)SR (1)

Burada; W1: Toprak macununun baslangictaki yiizde nem igerigi, SS: Biiziilme sinir1, SR:

Biiziilme orani.

Arastirma sonucunda elde edilen verilerin istatistiksel olarak degerlendirilmesi SPSS bilgisayar
paket programi kullanilarak yapilmistir. Coklu karsilastirmalarda Duncan testinden

yararlanilmistir (IBM SPSS statistics 21.0).

Arastirma Bulgulari ve Tartisma
Toprak Ozellikleri

Sera kosullarinda yiiriitiilen bu ¢alismada kullanilan topraklarin deneme 6ncesi bazi fiziksel ve

kimyasal 6zellikleri Tablo 1°de verilmistir.

Tablol: Arastirmada kullanilan topraklarin bazi fiziksel ve kimyasal ozellikleri ile hacimsel biiziilme

parametresi
Toprak ozellikleri
Toprak . . .. Caco
No*: Kum  Silt Kil Tekstiir pH EC 3 OM KDK
’ siifi
% (1:2.5) dSm' % % me/100g
1 3170  23.14 45.16 C 6.97 0.1497 222 1.54 65.48
2 36.18  41.57 2225 L 7.40 0.4924 8.47 3.02 38.26
3 5891  29.34 11.75 SL 7.92 0.1173 826  0.77 31.66
mekaniksel parametre

VS, %
1 68.26
2 18.59
3 11.60

1, Ondokuz May1s Universitesi Ziraat Fakiiltesi deneme alani; 2, Ondokuz Mayis Universitesi Bafra Uygulama
arazisi; 3, Ondokuz Mayis Universitesi Bafra Uygulama arazisi; OM, organik madde; KDK, katyon degisim
kapasitesi; VS, hacimsel biiziilme.

Bu tablonun incelenmesinden de goriilecegi iizere Ondokuz May1s Universitesi Ziraat Fakiiltesi

deneme alanindan alinan (1 nolu 6rnek) kil biinyeli, notr reaksiyonlu, az kirecli, organik madde
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icerigi orta; Ondokuz Mayis Universitesi Bafra Uygulama arazisinden alinan (2 nolu 6rnek),
tin biinyeli, hafif alkalin reaksiyonlu, orta kire¢li, organik madde igerigi fazla; Ondokuz May1s
Universitesi Bafra Uygulama arazisinden alinan (3 nolu rnek) kumlu tin biinyeli, orta derecede
alkalin reaksiyonlu, orta kirecli, organik madde icerigi az olan topraklardir. Topraklarin pH

degerleri 8.5’in altinda olup topraklarda alkalilik sorunu bulunmamaktadir [31].

Arastirma konusu topraklarin deneme Oncesi belirlenen hacimsel biiziilme parametresi
irdelendiginde (Tablo 3.1) adi gegen parametre degerlerinin %68,26 ile %11,60 arasinda
degismekte oldugu, en yiiksek degerin kil tekstiir sinifinda bulunan 1 nolu 6rnekte, en diisiik

deger ise kumlu tin tekstiir sinifina sahip 3 nolu 6rnekte oldugu belirlenmistir.

Hacimsel Biiziilme

Deneme konusu topraklarin, polivinil alkol, poliakrilamid ve hiimik asit karigtirtlarak dort farkls
periyotta inkiibasyona tabi tutulmasi sonrasinda belirlenen hacimsel biiziilme degerlerine iliskin
Varyans analiz sonuglar1 Tablo 3.2°de, hacimsel biiziilme degerlerindeki ortalama degisimler
(¢ degerin ortalamasi) ile coklu karsilastirma (Duncan) testi sonuclar1 ise Tablo 3.3’te
verilmigstir. Tablo 3.2°deki Varyans analiz sonuglarinin incelenmesinden de goriilecegi gibi,
deneme topraklarinin hacimsel biiziilme degerlerine iligkin kareler ortalamasi (p<0.01) 6nemli
cikmistir. Bagka bir ifadeyle, topraklar deneme sonundaki hacimsel biiziilme degerleri

bakimindan farklilik gostermislerdir.

Tablo 2: Topraklarin hacimsel biiziilme degerlerine iliskin varyans analizi sonuglari.

Kaynaklar Serbestlik Kareler Kareler F degeri Onem
derecesi toplam ortalamasi diizeyi
Topraklar (A) 2 59947.627 29973.813 10456.011 .000
Diizenleyiciler 2 179.778 89.889 31.357 .000
(B)
Peryotlar (C) 3 709.151 236.384 82.460 .000
A*B 4 81.362 20.340 7.096 .000
A*C 6 494.028 82.338 28.723 .000
B*C 6 200.196 33.366 11.639 .000
A*B*C 12 361.255 30.105 10.502 .000
Hata 72 206.399 2.867
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Yine aym tablodan diizenleyicilerin ve uygulanan periyotlarin kareler ortalamasinin da
(p<0.01) onemli oldugu goriilmektedir. Bu sonug, denemede kullanilan polivinil alkol,
poliakrilamid ve hiimik asit gibi diizenleyiciler ile uygulanan periyotlarin hacimsel biiziilme
tizerindeki etkilerinin farkli oldugunu tespit etmektedir. Varyans analiz sonuglarindan toprak x
diizenleyici, toprak x periyot, diizenleyici x periyot ve toprak x diizenleyici x periyot

interaksiyonunun da 6nemli oldugu saptanmustir.

Tablo 3: Topraklarmn hacimsel biiziilme degerleri (ortalama) ile Duncan ¢oklu karsilagtirma testi

sonuclart
Topraklar Diizenleyiciler Periyotlar Toprak
1 2 3 4 ortalamalan
PVA 64.19 57.5 65.98 78.52
1 PAM 65.90 64.05 71.41 73.5 66,06a
HA 54.79 55.9 61.51 71.97
PVA 18.10 18.11 18.11 23.55
2 PAM 18.50 21.62 23.68 27.15 21.39
HA 15.15 20.54 22.5 26.17
PVA 8.57 9.84 14.56 12.49
3 PAM 11.59 14.9 14.92 15.30 12.08c
HA 11.53 12.2 12.70 13.60
Periyot ortalamalari 30.15d 31.88c  33.60b  37.08a
. . PVA 32.21c
e, AN
HA 32.32bc

(Ayri harflerle gosterilen ortalamalar Duncan ¢oklu karsilastirma testine gore farkhdirlar)

Kontrollere gore her li¢ diizenleyici de uygulama periyotlarina bagli olarak topraklarin hacimsel
biiziilme degerlerinde degisimlere neden olmustur (Tablo 3.3). S6z konusu ii¢ diizenleyici
de 1 nolu topragin hacimsel biiziilme degerlerinde ilk 2 periyotta belirgin diisiisler saglamistir.
Diizenleyicilerin 2 ve 3 nolu topraklardaki hacimsel biiziilme degerini diisiiriicli etkileri 1

periyotla siirli kalmis olup periyot siiresi uzadikca diizenleyicilerin etkinlikleri azalmistir.

Deneme topraklarinin, uygulanan diizenleyicilerin ve uygulama periyotlarinin deneme
sonundaki hacimsel biiziilme degeri ortalamalarina gore karsilastirllmasi igin verilere
uygulanan Duncan’in ¢oklu karsilagtirma testi sonuglari (Tablo 3.3) irdelendiginde topraklarin,
uygulanan diizenleyicilerin ve uygulama periyotlarinin deneme sonundaki hacimsel biiziilme

degeri ortalamalarinda olusturduklart etki bakimindan farklilik gdsterdikleri (siralandiklar)
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tespit edilmistir. Bu gruplandirmada topraklar ve periyotlar arasindaki farklar (p<0.01) 6nemli

bulunmustur (Ayr1 harflerle gosterilen degerler adi gecen teste gore %1 diizeyinde 6nemlidir).

Hacimsel biizilme degerinde kontrollere gore meydana gelen ortalama degisimler (%) Sekil
3.1’de verilmistir. Bu verilerden de goriilecegi iizere kil tekstiir sinifina sahip olan 1 nolu
toprakta hiimik asit ile elde edilen diisiisler cok daha yiiksek diizeyde gerceklesmistir. Iki nolu
toprakta her ii¢ diizenleyici de hacimsel biiziilme degerlerini yiikseltmisken 3 nolu toprakta ise

sadece polivinil alkol diisiis saglamistir.

Diizenleyiciler

20 mPVA
m PAM
HA

Ortalama Degisimler (%)
(9]

—
o

1

—_

()]
P
<

Topraklar

Sekil 1: Hacimsel biiziilme degerlerinde diizenleyicilere gore belirlenen ortalama degisimler (%)

Polivinil alkol, poliakrilamid ve hiimik asit uygulamalar1 topraklarin hacimsel biiziilmede
neden oldugu ortalama degisimler (%), ad1 gecen diizenleyiciler arasinda énemli farkliliklar
gostermigtir. Bu ii¢ diizenleyiciye iligkin periyotlarin topraklarin hacimsel biiziilme ortaya
cikardigi degisimler (%) Sekil 3.2°de sunulmustur. Bu verilerden de anlasilacagi iizere periyot

stiresi uzadikca diizenleyicilerin etkinlikleri diigmektedir.
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Sekil 2: Hacimsel biiziilme degerlerinde kontrollere gére periyotlarda belirlenen ortalama degisimler
(%)

Uygulanan diizenleyicilerin ve uygulama periyotlarinin etkileri grafik verileri dikkate alinarak
irdelendiginde hacimsel biiziilme degerlerinin uygulanan diizenleyici tiirlerinden
(PVA>HA>PAM) ve uygulama periyotlarindan (1>2>3>4) seklinde etkilendikleri sdylenebilir
(Tablo 3.3). Baska bir deyisle, PVA hacimsel biiziilme degerini en ¢ok azaltan diizenleyici

olurken bu bakimdan PAM son sirada bulunmustur.

Civelek (2021) topraklarin hacimsel biiziilme degeri lizerine bugday samani, findik ziirufu,
humik asit ve PAM diizenleyicilerinin etkilerini inceledigi aragtirmada diizenleyici uygulamasi
ile hacimsel biiziilme degerinin diistiiiinii ifade etmistir. Gizgin [15] yaptig1 ¢alismada, hiimik
asit uygulamasimin topraklarin hacimsel biiziilme degerlerini denetlere gére 6nemli Olciide

yiikselttigini belirlemistir.

Ozdemir vd., [32] yaptiklar1 bir calismada asit, nétr ve alkalin reaksiyona sahip topraklara
uygulanan ¢op kompostu, tiitiin isleme atigi ve celtik kavuzu kompostunun mekaniksel
ozellikleri iyilestirdigini ve COLE-gubuk degerlerini diistirdiiglinii saptamislardir. Civelek [14]
ise topraklarin dogrusal uzama katsayis1 COLE-¢ubuk degerleri tizerine bugday samani, findik
zlirufu, humik asit ve PAM diizenleyicilerinin etkilerini inceledigi aragtirmada; diizenleyici
uygulamasi ile COLE-¢ubuk degerlerinin diistiiglinii ve COLE-gubuk degerleri ile organik

madde igerigi arasinda istatistiksel olarak 6nemli negatif iligkiler bulundugunu vurgulamistir.

Sonuc ve Oneriler

Polivinil alkol, poliakrilamid ve hiimik asit uygulamalarmin toprakta hacimsel biiziilme
parametresinin gelisimi lizerine etkilerini belirlemek amaciyla sera kosullarinda yiiriitiilen bu
calisgma sonucunda; denemede kullanilan Polivinil alkol, poliakrilamid ve hiimik asit
uygulamalar1 topraklarin hacimsel biiziilme degerlerinde degisimler sagladig: tespit edilmistir.
Her ii¢ diizenleyici de 1 nolu topragin hacimsel biiziilme degerlerinde belirgin azalislar
gerceklemistir. Diizenleyicilerin 2 ve 3 nolu topraklardaki hacimsel biiziilme degerini diisiirticii
etkileri 1. periyotla smirli kalmis olup periyot siiresi uzadik¢a diizenleyicilerin etkinlikleri
azalmistir. Sonug olarak, Polivinilalkol, poliakrilamid ve hiimik asit uygulamalarinin toprakta
hacimsel biiziilme gelisimi tizerine ad1 gegen diizenleyicilerin kendi 6zelliklerine, toprak tekstiir

smifina ve periyot siiresine bagli olarak olumlu yonde etkili oldugu saptanmistir. Uygulamada
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bu hususa dikkat edilmesinde fayda vardir.
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Statistical Modeling of Fine-Grained Soils for Geotechnical Efficacy using Artificial
Neural Network and Minitab
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Abstract

The diverse geographical and chronological nature of soil qualities as it emerges naturally is
beyond the designer's control. The engineers often interacted with the clayey soil (A-6) during
the execution of the project. Transport of stiffer soils like A-2 and A-4 may increase the cost of
the project. The use of the site-situated clayey soil (A-6) with some improvements is a necessity
of the time. Geotechnical engineers typically effort to establish empirical equations for a
particular area and soil type. However, these empirical equations are usually dependable on the
nature of the soil from which the correlation is derived. Therefore, it is essential to design
empirical equations that are best suited to the local area and easily accessible. Consequently,
this study involves testing clayey soil (A-6) with filler using two testing procedures. The
research was carried out to assess the effect of locally available and cheap modifiers on the
California Bearing Ratio (CBR) of the clayey soil. The modifier used during the study includes
stone dust. The soil was undergone to Triaxial testing for the estimation of shear strength
parameters and CBR test to find out the CBR values of the soil. According to the study, stone
dust proved to be the influencing modifier as it lowered the cohesion values and improved the
CBR of weak soil. The statistical relationship between the CBR and the variables involved in
the testing procedure was determined using Minitab software and Artificial Neural Network
using SPSS. The comparison of both relationships was quite accurate based on its statistical

parameters and the results clearly show that the neural networks, when trained with sufficient
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data and appropriate inputs can better anticipate output data.

Keywords: Flexible Pavements, CBR, Subgrade, Modifier, ANN, Minitab

Discipline: Engineering Geology (Science and Engineering)

Introduction

A pavement structure is composed of different layers of engineered materials. The stiffness,
potential strength, and performance of the pavement structure depend upon the composition of
these layers. The layers are often composed of soils and aggregates. The major problem
associated with pavements in Pakistan is premature failure of the pavements. The most common
of these failures have been rutting, fatigue cracking, and raveling due to low density. The failure
can be due to many reasons like failure of the subgrade, poor compaction, inappropriate mix
design, and heavy traffic. Historically, the pavements in Pakistan have failed due to subgrade
failure and heavy trucking traffic. Therefore, the need to address this issue is of vital
importance. Keeping this in mind, this study is carried out to study the effect of a modifier like
stone dust for subgrade improvement. The modifier used in this study is locally available and
cheap material. This material is abundantly available in Pakistan and can be used with great

c€asc.

Sub-grade properties are the most important parameter for pavement’s probable service
performance. A well-compacted, stiff, and reliable resilient modulus subgrade is a prerequisite
for the pavement’s performance up to the desired value. Normally, A-1, A-2, and A-4 soils
classified by AASHTO are considered to be having all the desired properties for a reliable
subgrade. A-6 soils are present at most of the sites in Pakistan but they are not reliable as
subgrade as they comprise soft clays. It is a common practice to transport the stiffer material
i.e. A-1, A-2, and A-4 soils from distant places for the execution of the project increasing the

project cost.

This study is focused on the improvement of AASHTO soil group A-6 for pavement subgrade.
The study aims to find a nominal percentage of modifier i.e. stone dust to be used in soil (A-6)

to make it useful as the subgrade. It will result in the development of a California Bearing Ratio
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(CBR) database for pavement design applications. CBR value is a measure of the strength of
subgrade soil and is frequently considered for the design of flexible pavements. The standard
soaked CBR test method is both costly and time consuming. To address this problem, simple
soil parameters such as the Plastic Index (P.I), Maximum Dry Density (MDD), Optimum
Moisture Content (OMC), and Angle of Internal Friction and Cohesion can be used to determine
the CBR value of subgrade soil [1]. This study intends to develop regression-based models for

determining soaked CBR values in fine-grained subgrade soils.

The key objectives of this study are:

1. To investigate the effect of the addition of stone dust on engineering properties of weak

soils.

2. To find the most economical and practical methods of improving the engineering

properties of soil.

3. To assess the relationships and to develop statistical models between CBR with the

amount of stabilizer and modification of geotechnical variables.

4. Proposing the most suitable statistical optimization in soil stabilization.

Experimental Program

The study work comprised estimating and ameliorating the index properties and potential
strength of subgrade by adding stone dust as modifier. The experimental program starts with
the selection of material and finding out their properties. After selection of soil and modifier,
the modifier is added to soil in different percentages, and the samples prepared were subjected
to different tests to determine their physical properties, compaction characteristics, shear
strength parameters, and CBR. Laboratory tests were conducted according to the authoritative

procedures of “ASTM” and “AASHTO”. The experimental program is shown in Figure 1:
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EXPERIMENTAL PROGRAM

[ SELECTION OF SOIL | [ SELECTION OF FILLER MATERIAL |

[ SIEVE ANALYSIS TEST | [ ATTERBERGLIMITS | ATTERBERG LIMITS | [ SIEVEANALYSISTEST |

| SOIL HAVING PLASTICITY INDEX > 12 | | STONE DUST HAVING ZERO PLASTICITY INDEX |
I

SAMPLE PREPARATION

SOIL WITH STONE DUST (0% , 6%, 12%, 18%, 21%, 24%, 27%,
30%, 33% & 36%)

STRENGTH EVALUATION TESTS

MODIFIED PROCTOR SAMPLES

| |

[ UU-TRIAXIAL TEST | CBRTEST (SOAKED) |  DIRECT SHEARTEST |

RESULTS TRENDS

| Data Modeling |

[
[ Minitab | | ANN |

_ Conclusion

Figure 1. Flowchart of the study

Selection of Material

Appropriate data are required to carry out the necessary analyses in order to meet the study's
objectives. In order to have sufficient and reliable data for the target analysis as defined in the
methodology, soil samples were collected from Heavy Mechanical Complex, Residential
Colony. Most of the samples collected were from undergoing construction areas during the
excavation stage. The location map from where samples were collected is shown in Figure 2.

The samples of stone dust were collected from 111 Pulley, Sargodha.
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Figure 2. Soil sampling location map

Material Properties of Soil

After the collection of soil, it was tested for different soil index properties. Table 1 shows the

summary of test results.

Table 1. Summary of Soil Index Properties

Sr. No. Description Results
1 Liquid Limit 355
2 Plastic Limit 22.62
3 Plasticity Index 12.88
4 Moisture Content (%) 15
5 Dry Unit Weight (Ib/ft’) 110
6 Specific Gravity 2.6

Soil Sieve Analysis:

The test was performed on collected samples according to the ASTM C-136, AASHTO T-87,

and AASHTO T-88 [2], [3]. A graphical representation of sieve analysis test results is shown

In Figure 3.
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Figure 3. Soil Sieve Analysis
Soil Atterberg Limits

The next test performed for the classification was Atterberg limits. Atterberg limits include the
Liquid Limit (L.L) and Plastic Limit (P.L). The liquid limit test was performed by adopting the
procedure described in AASHTO T-89 and ASTM D-4318 (ASTM, 2017; AASHTO, 2011). It
was found to be 35.5 (Figure 4).

50

M.C (%)

1 10 100
Number of Blows (N)

Figure 4. Soil Liquid Limit Test Results
The plastic limit calculation was the next step in characterization of the soil. The plastic limit
test was performed by adopting the procedure described in AASHTO T-90 and ASTM D-4318
[4], [5]. It was found to be 22.62.

The plasticity index (P.I) value was determined by using the following relation:
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It was found to be 12.88.

The tests performed for the characterization showed that the soil samples collected from the

site were pure A-6 soils and that the research could be carried out on the samples.
Material Properties of Stone Dust

After the collection of stone dust as a modifier, it was tested for different index properties i.e.
sieve analysis, Atterberg limits, plasticity index, hydrometer analysis, proctor test, and specific

gravity (Table 2).

Table 2. Summary of Stone Dust Index Properties

Sr. No. Description Results
1 Plasticity Index 0
2 Specific Gravity 2.73

Stone Dust Sieve Analysis

The test was performed on collected samples of modifier according to the ASTM C-136 and
AASHTO T-87 and T-88 [2], [5]. Figure 5 shows the graphical representation of sieve analysis

test results.
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Figure 5. Stone Dust Sieve Analysis Test Results

The value of the coefficient of uniformity is 6.25 and the coefficient of curvature is 2.62. The
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tests performed for the characterization showed that the stone dust sample collected was well-

graded sand and that the research could be carried out on the sample as modifier.

Percentages of Stone Dust as Modifier

After the selection of soil and stone dust, samples were prepared by adding stone dust as
modifier. The percentages added were 0%, 6%, 12%, 18%, 21%, 24%, 27%, 30%, 33% and
36%.

Testing Conditions & Techniques for CBR Test

The testing program starts with the preparation of specimens for the CBR test in accordance
with ASTM D-1883 [6]. In the current study, the soil sample was remolded using one density
and moisture content calculated from modified proctor test. A total number of 90 samples were
prepared. Subsequent to the penetration test, the soil sample was remoulded in laboratory at an
appropriate moisture content and density as per ASTM D-1557 [7]. The remoulded sample was
soaked for 96 hours with a surcharge load. Swell readings were recorded during this period at
random designated times. At the end of the soaking period, the penetration test was conducted
at a rate of 1.27 mm/min. The force or load needed to create the penetration was measured in
relation to the standard penetration depths at every 0.5 mm penetration, including the load
values at 2.54 mm and 5.08 mm, till the total penetration reached 12.7 mm [8], [9]. The
penetration resistance load was then plotted over the penetration depth, and the load-penetration

curve was corrected.

The bearing ratio was determined by dividing the adjusted load by the associated standard load,
multiplied by 100, using the adjusted value from the load curve for 2.54 mm and 5.08 mm
penetration. If the bearing ratio of 2.54 mm is larger than that of 5.08 mm, the bearing ratio
recorded for the soil is generally the one at 2.54 mm penetration. The test is completely
redesigned on a new sample if the ratio at 5.08 mm penetration is larger. If the recurrent finding
of 5.08 mm is again higher, the designed bearing ratio is 5.08 mm otherwise, if the bearing ratio

of 2.54 mm is higher, the designed bearing ratio is 2.54 mm penetration.

Testing Conditions & Techniques for Direct Shear Test

Direct Shear Test covers the determination of shear strength parameters using a box shaped
specimen of either undisturbed or remolded soil in accordance with ASTM D-3080 [10]. A total

number of 30 samples were prepared. The testing program for the direct shear test was started
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with the preparation of a box-shaped specimen having a minimum size of 6cm X 6¢cm square
and thickness of 2 cm. The soil specimen was placed in a square type shear box. A precise (and
consistent) magnitude normal load and shear load were applied. The specific normal and shear
loads that caused shear failure were recorded. After removing the soil specimen from the shear
box, another sample of the same soil sample was placed in the shear box. After removing the
soil specimen from the shear box and discarding it, another specimen of a similar soil sample
was inserted in the shear box. A normal load different from the previous test was applied to the
second sample, and a shearing force large enough to cause shear failure was applied once more.
For the second test, the normal shear load that caused shear failure was measured. The obtained
results of the two tests were graphed along the abscissa. The same scale was used along both
the abscissa and the ordinate. A straight line was drawn connecting two plotted points was
extended to intersect the ordinate. The point where the line intersects the ordinate is the

cohesion “C”.

Testing Conditions and Techniques for Unconsolidated Undrained Triaxial Test

The testing program for UU-Triaxial Test was started by placing the membrane on the
membrane stretcher. The rubber membrane was placed around the specimen and sealed at the
cap and cap with O-rings. A thin coating of silicone grease on the vertical surfaces of the cap
or base was helpful in sealing the membrane. The next step was assembling the triaxial
chamber. The chamber was positioned within the axial loading device. To avoid applying a
lateral force to the piston during testing, the axial loading device, the axial load-measuring
device, and the triaxial chamber were carefully aligned. The pressure-maintaining and
monitoring device was attached in order to fill the chamber with the confining liquid. The
pressure maintaining and measurement equipment was adjusted to the required chamber
pressure, and pressure was delivered to the chamber fluid [11]. Before exerting chamber
pressure, the piston was held in place by the axial loading device. The axial load was imposed
to generate axial strain with maximal deviator stress at 3 to 6 percent strain [11]. The elapsed
time to obtain maximal deviator stress at these rates was roughly 15 to 20 minutes. It was
continuing the up to 15% axial strain, however, the load was halted when the deviator stress
peaked and then decreased by 20% or the axial strain reached 5% beyond the strain over which
the peak in deviator stress happened. The stress-strain curve was defined by recording sufficient

load and deformation values to three prominent digits.
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Test Data & Trends

CBR Test

The CBR test was performed as per testing conditions and techniques and the results are
arranged in table 3. Figures 6-8 show the result trends with an increase in the percentage of
stone dust. When we increase the percentage of stone dust the CBR value increase (Fig. 6). The
OMC has an inverse relation (Fig. 7) whilst the Maximum Dry Unit Weight (MDUW) has a
direct relation with the CBR value of the soil (Fig. 8).

Table 3. Summary of CBR Test Results

% of OMC Maximum Dry CBR
Filler Stone %) Unit Weight (Soaked
Dust ’ (Ib/ft%) Values)
0 15.06 110.2 5
6 14.49 112.7 5.98
12 13.74 115.44 6.22
18 13.16 117.5 6.64
Stone 21 13.08 118.05 6.9
Dust 24 13.03 118.82 6.97
27 12.96 119.09 7.1
30 12.905 119.21 7.12
33 12.856 119.3 7.14
36 12.77 119.47 7.153
8
;‘74‘/‘M
6 - R*=0,8765
%
O 4
2
0 T T T T T T 1
0 6 12 18 24 30 36 42
Stone Dust (%)

Figure 6. Effect of Stone Dust (%) on CBR
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Figure 7. Effect of OMC on CBR with increase in % of Stone Dust
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Figure 8. Effect of Dry Unit Weight on CBR with increase in % of Stone Dust

Direct Shear Test

The direct shear test was performed as per testing conditions and techniques and the results are
arranged in table 4. Figures 9-11 show the result trends with an increase in the percentage of
stone dust. When we increase the percentage of stone dust the cohesion value decreases (Fig.

9). The MDUW has an inverse whilst OMC has a direct relation with cohesion (Figs. 10, 11).

Table 4. Summary of Direct Shear Test Results

Filler 9% of Maximum
S :one OMC Dry Unit Cohesion
Dust (%) Weight (Ib/ft%)
(Ib/ft)
0 15 110 696.37
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6 14.53 112.485 593.97
Stone 12 13.755 115.515 573.48
Dust
18 13.15 117.54 512.04
21 13.10 118.10 475.17
24 13 119 409.63
27 12.96 119.07 403.49
30 12.9 119.2 389.15
33 12.85 119.33 354.33
36 12.8 119.4 337.95
800
700 l\
600
500 2=0,9788
2 400
=
£ 300
S 200
Q
100
0 T T T T 1
0 6 12 18 24 36 42
Stone Dust (%)
Figure 9. Effect of Stone Dust (%) on Cohesion
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Figure 10. Effect of OMC on Cohesion with increase in % of Stone Dust
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UU-Triaxial Test

The UU-Triaxial test was performed as per testing conditions and techniques previously
described. The results are tabulated in table 5 and figures 12-14 show the result trends with an
increase in the percentage of stone dust. The cohesion of the soil decreases with the increase in

stone dust (Fig. 12). MDUW has inverse whilst OMC has a direct relation with cohesion.

Table 5. Summary of Triaxial Compression Test Result

Fill g/;)o?li OMC l\lgi);[r?;lllr? Cohesizon ?;%ﬁ;)lf
“ Dust (%) Welg?t (b5 Friction
(Ib/ft)

0 15.18 110.2 634.25 8.13
6 14.49 112.69 691.24 10.56
12 13.74 114.9 564.61 12.1
18 13.16 117.55 453.32 13.38
it: 21 13.07 118.07 434.9 14.07
D:ls 24 131 118.82 419.2 14.67
27 12.96 119.09 397.34 14.73
30 12.91 119.21 387.1 14.83
33 12.86 119.33 380.27 14.92
36 12.76 119.45 366.62 14.95
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Figure 12: Effect of Stone Dust (%) on Cohesion
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Figure 13. Effect of OMC (%) on Cohesion
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Results and Discussions
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Data Modeling

The statistical analysis was performed during this research using two different techniques. In
one analysis, CBR (Soaked) was related to the “% of Stone Dust” and “Cohesion” using
software “Minitab”. In the second analysis, CBR (Soaked) was related to the “% of Stone Dust”

and “Cohesion” by Artificial Neural Network Analysis using SPSS Software.

Correlation Using Minitab
The software “Minitab” developed the following correlation of CBR (Soaked) with “% Stone
Dust” and “Cohesion” [12].

CBR = 8.9899 + 0.0107 (% SD) — 11.4674 (C) (1)

Where; C = Cohesion (kg/cm?) and % SD = Percentage of Stone Dust Used

Eq. 1 shows the dependency of CBR (Soaked) values on “% of Stone Dust” and “Cohesion”. It
is quite clear that CBR (Soaked) is related to the “% of Stone Dust” and “Cohesion”. Further,
the CBR (Soaked) values were then calculated based on Eq. 1 and compared with the CBR
values measured in the laboratory. The comparison showed excellent results. The computed

CBR (Soaked) values are shown in Table 6.

The laboratory measured CBR (Soaked) values and computed CBR (Soaked) values were then
compared in a graphical manner and magnificent results were observed. Fig. 15 illustrates the
comparison showing R?=0.9106, which determines the relationship established is good and can

be used to predict the CBR (Soaked) values.

Table 6. Measured CBR Values & Computed CBR Values

% of Stone CBR (Soaked) CBR (Soaked)

PIC U Dust caleulared inLab - ((ORPEC O
0 4.99 5.44

Stone 6 5.98 5.74

Dust 12 6.22 5.96
18 6.44 6.44
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21 6.89 6.78
24 6.97 6.99
27 7.1 7.05
30 7.11 7.14
33 7.14 7.21
36 7.15 7.32

R2=0,9106 /'/
" of

‘/

Computed CBR (Minitab)
S = N WA TSN ®

T T T T T T T 1

3 5 6 7 8
CBR Measured (In Lab)

[—}
[
N

Figure 15. Measured CBR (In Lab) versus Computed CBR (Using Minitab)
The significance of a relationship can be checked by evaluating the “p (probability)” values.
The “p” calculation is used to determine if the results are caused by chance or not. The lower
the p-value, the results are more trustable. In this particular case, table 7 shows the p-values for

different types of variables.

Table 7. p-values for various variables

Variable p-value
% of Stone Dust 0.466
Cohesion 0.0034

Based on the p-values of the variables, it is very clear that Cohesion is the variable affecting
the CBR most of all. Some other statistical graphs were also developed by the Minitab software
and are shown in the figs. 16-19, all of the graphs support the accuracy of the relationship shown
in Eq. 1.
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Figure 18. Residual Histogram Figure 19. Residuals vs Order

The next relationship was then developed between CBR (Soaked) with “% of Stone Dust” and
“Cohesion” by Artificial Neural Network Analysis using SPSS Software.

Artificial Neural Network Analysis Using SPSS

Artificial Neural networks (ANN) distinguish separated relevant information processing
systems which are made of various small components called neurons [13]. In this study, the
back-propagation (BP) technique is applied. It is the most frequently used network training
learning rule consisting of two training process stages [14]. The first stage is to feed the data
into the network's input layers and these layers were then evaluated by the network to produce
the output layer. A comparison of the output data with the observed data is performed. In the
second stage, the error is decreased by back-propagating the estimated error via the network.
During this process, the error from each layer is measured and distributed backward, and then

the weights are adjusted to lower the error. The data training procedure is regarded as complete
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when the error is decreased to an acceptable standard [15]. After the training procedure is
completed, a neural network utilizes the training data, acquires the capacity for generalization,

and is ready to predict unseen data trends. The results obtained are shown in table 8 and the

result comparison is shown in Figs. 20, 21.

Table 8. Model Summar

Traini Sum of Squares Error .007
ng
Relative Error .001
Stopping Rule Used 1 successive step(s) with no
change in error®
Training Time 0:00:00.02
Testin  Sum of Squares Error 6.077E-7
g
0.044
o
0.024 o

o P

= (=]
0.0000 o o
2 o :
o o] o o ~ o o o
o °O

«0.04 o

-0.06
4'.‘: !-'O 5'5 6'0 6"; T'O 7'&

Predicted Value

Figure 20. Residual Vs Predicted Value

www.internationalstudentsymposium.com




SEMPOZYUMU

International Student Symposium

" . ULUSLARARASI
8. Uluslararas1 Ogrenci Sempozyumu 6é REN ci
s 3

7.5

707 IS sl

OO
o

6.5
3
§ >
3 oo °
s o©
-l
@
@
a

5.5

5.0 4

4.5

T T T T T T T
as 5.0 ss 6.0 6.5 7.0 75
CBR

Figure 21. Predicted Value Vs Measured Value
To undertake controlled training, it is required to evaluate how well an ANN can function.
There is a means to verify the output error caused between the actual and produced data [13],
[15]. The two models are then compared by using Root Mean Squared Error (RMSE) and

Coefficient of Determination (R?).

The RMSE of a model prediction regarding the predicted parameters Xwmodel is defined as the

square root of the mean squared error:

RMSE — \/Zrl (Xobsi - Xn’lodel,i )2
n (2)

Where Xops is observed values and Xmodel is modelled values at time/place i.

The coefficient of determination, designated as R? is a quantity in statistics that specifies the
proportion of the change of the dependent parameters that is expected from the independent

parameters and is given by the formula below

R?>=1— (Z; (Xobs,i - Xlnodel,i)z)
n 2
(Zizl (Xobs,i Xmodel,i ) ) (3)

The data obtained from the analysis were utilized by using Eq. 2, and 3, and the results obtained

are shown in table &.
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Table 8. Comparison of Models

Type of Analysis RMSE R?
Linear Regression 0.040 0.911
ANN 0.000049 0.999

The table shows a summary of the results obtained for the statistical and neural network analysis
for the production of the CBR. The forecasting ability of the two models is obtained by using
Root Mean Square Error (RMSE) and Coefficient of Determination R2. The results clearly show
that the neural networks, when trained with sufficient data and proper inputs can better

prediction of output data.

Conclusions & Recommendations
Extensive laboratory testing was carried out on expansive soil with stone dust as a modifier to

evaluate its potential use as good subgrade material.
Based on the results of the study, the conclusions are as follows:

1. The addition of stone dust in fine soil increases the value of the dry unit weight and

decreases the value of optimum moisture content.

2. The modifier used significantly lowered the cohesion values and improved the CBR

value of weak soil.

3. Strong correlation of CBR with cohesion obtained from Triaxial Testing and % of stone
dust exists having R? values greater than 0.9 (Statistical Analysis using Minitab & ANN
Technique using SPSS)

4. The results obtained from statistical analysis seem to be acceptable in the assessment of

the soaked CBR value of fine-grained soils.

5. The findings clearly illustrate that when prepared with appropriate data and inputs,

neural networks can better anticipate output data.

The difficulties encountered when attempting to perform the current study have identified areas
where additional attempts may be made in the future. The recommendations regarding the

subject study are as follows.
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I. Improved soil can be compared with A-2 and A-4 soils according to the AASHTO

classification to check the improvement caused by the modifier.
2. In future outcomes of this study can be strengthened by adding more experimental work.
3. Models developed in this study can be validated on real-scale data.

4. More range of high plastic soils should be stabilized under the methodology of the

current study.

5. It would be interesting to evaluate the impact of compaction and moisture content on
the values of CBR for coarse-grained materials under varied density and moisture

conditions.
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Tuzlu-Alkali ve Alkali Topraklarin Islahinda Organik Materyallerin Kullanilmasi

Mohammed Alshabbani’

Ozet

Toprak tuzlulugu ve alkaliligi, toprak kalitesini ve topragin bitkisel iiretim potansiyelini
olumsuz yonde etkileyen arazi bozunma siiregleridir. Toprak tuzlulugu, kok bolgesinde
ozmotik stresin olugsmasina yol acan yiiksek tuz icerigi nedeniyle bitki biiylimesini kisitlar.
Tuzlu alkali ve alkali topraklarin 1slahi, tiretimin siirdiiriilebilirliginde 6nemlidir. Tuzlu alkali
ve alkali topraklarin geri kazaniminda organik materyallerin (yesil biyokiitle, bitki artiklari,
ciftlik giibresi, atik tesislerinin kat1 ve siv1 ¢iktilar1 vb.) toprak iizerindeki olumlu etkilerinden

faydalanilabilmektedir.

Farkli organik 1slah maddelerinin topraga ilave edilen optimum oranlari, fiziksel (toprak
striiktiir, su gegirgenligi, su tutma kapasitesi, vb.), kimyasal (pH, katyon degistirme kapasitesi,
vb.) ve biyolojik, (faydali mikroorganizma popiilasyonu, C/N orani degesi, vb.) toprak
ozelliklerini gelistirebilir, bitki gelisimini ve toprak biyogesitliligini ¢cevre i¢in herhangi bir risk

olmaksizin destekleyebilir.

Topraga organik materyal uygulamasi, toprak ortaminda karbondioksit ve organik asitlerin
iceriginin artmasi nedeniyle gelisen mineral ¢dziinmesinin bir sonucu olarak tuzlarin toprak
cozeltisine gecisini ve yikanmasini arttirir. Ayrica, toprak organik maddesinin mineralizasyonu
ve bu siirecte ortama kazandirilan organik asitler, toprak pH'sinin diismesine neden olur. Siireg
icerisinde kalsiyum karbonatin ¢oziiniirliigiiniin artmasi; toprak kolloidlerindeki degisim
kompleksinde Na“’un yerine Ca*? konsantrasyonunun artmasina neden olarak, degisebilir

sodyum yiizdesinde (ESP) azalma saglar.

Ancak organik atiklarin tarimda kullanilmasindan 6nce igeriginin karakterize edilmesi ve
yonetiminin planlanmasi, arazi bozulmasinin Onlenmesinde ve siirdiiriilebilirliginin
saglanmasinda Onemlidir. Farkli organik materyallerin topraga ilavesi, toprak organik

maddesinin  korunmasinda, karbon igeriginin stoklanmasinda ve iklim degisiminin

! Atatiirk Universitesi Toprak Bilimi ve Bitki Besleme Yiiksek Lisans Ogrencisi
mohammed.alshabbani20@ogr.atauni.edu.tr
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dengelenmesinde etkin bir rol oynayabilir.

Anahtar Kelimeler: Organik Islah, Alkali Toprak, Tuzlu Toprak, Organik Materyallerin

Giris
Diinyanin kara kiitlesi yaklasik %46's1 kurak ve yar1 kurak iklim bolgelerinden olugsmaktadir.
Bu iklim bdlgelerindeki sulanan arazilerin yaklasik %50'sinde degisen siddette tuzluluk

sorunlar1 vardir.

Diinya Toprak Haritasi verilerine gore, diinya ¢apinda 954 milyon hektar tuzdan etkilenen ve

iiretkenligi kisith arazi var (FAO, 1988; Szabolcs 1991).

Bu topraklarin 80,5 milyon hektar1 Afrika'da, 50,8 milyon hektar1 Avrupa'da, 357,3 milyon
hektar1 Avustralya'da, 146,9 milyon hektar1 Amerika'da ve 319,3 milyon hektar1 Asya'da
bulunmaktadir (S6nmez, 2003).

Tuzluluk sorunu diinya genelinde her yil 10 milyon hektarlik arazinin kaybedilmesine ve bu

alanlarin kullanilamaz hale gelmesine neden olmaktadir (Akgiil, 2003).

Ulkemizde topraklarin %]1,7'sinde (1.518.746 hektar) ve tarim arazilerinin %3.8'inde (837.405
hektar) tuzluluk sorunu bulunmaktadir. Yani ¢orak arazi, lilkemin arazi alaninin %?2'sine denk
geliyor ve ekili arazinin %5,48'in1 (27.699.003 hektar) olusturuyor. Corak arazinin %74'" tuzlu
toprak, %25.5'1 tuzlu toprak ve %0.5'1 alkali (sodyum) topraktan olugsmaktadir (Anonim 1980).

Organik madde eksikliginden kaynaklanan fiziksel, kimyasal ve biyolojik sorunlar, tuzlu
ve/veya sodyumlu topraklarda, su ve besin maddelerini tutma yeteneginin azalmasi, zayif
toprak agregasyonu, diisiik katyon degistirme yetenegi ve Ozellikle mikrobiyal aktivitenin

azalmasi dahil olmak {izere siklikla goriiliir (Xi 1998; Liang vd, 2003).

Organik maddeyi korumak ve toprak verimliligini korumak veya iyilestirmek i¢in topraga
organik madde eklemek, toprak yenilenmesinin en 6nemli yontemlerinden biridir. Tuzlu
ve/veya sodyumlu topraklar1 eski haline getirmek ve siirdiiriilebilir bir tarimsal ekosistem

olusturmak icin organik giibreler ve toprak 1slah maddelerinin (giibreler, yem endiistrilerinden
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gelen yan {iriinler, kompost, vb.) kullanilmasi ve mahsul artiklarinin yonetilmesi miimkiin
olabilir. Toprak organik maddesi korunabilir ve farkli organik maddeleri topraga dahil ederek
karbon tutulmasina ve kiiresel 1sinmanin azaltilmasina aktif olarak katilabilir (Mahmoodabadi

ve Heydarpour 2014).

Organik malzemeler dogada dinamik bir dongiiye, toprak ekosisteminin siirekli yenilenmesine
ve fiziksel ve kimyasal 6zelliklerinden dolay1 toprak kalitesinde iyilesmeye olanak saglar.
Organik madde artik saglikli toprak ve uzun vadeli toprak yonetiminin 6nemli bir bileseni
olarak kabul edilmektedir. Alkali toprak 1slahinda kullanilan farkli organik madde tiirlerinin
toprak yapist iizerinde farkli etkileri olmasina ragmen, hepsi toprak tanelerini birbirine

yaklastirmaya meyillidir (Nelson ve Oades, 1998).

Tuzlu ve/veya sodyumlu topraklara organik maddelerin uygulanmasi, bu topraklarin 1slahinin

yant sira, topraga ilave besinlerin kazandirilmasi bakimindan énemlidir.

Hayvansal ve bitkisel kaynakli organik maddeler toprak drenajin1 ve su tutma kapasitelerini
arttirtr, toprak erozyonu ve topragin fiziksel bozulmasi gibi sorunlar1 dnlemede rol oynar.
Toprak bozulmasi sorunlari, sinirlt arazi kaynaklarindan beklenilen siirdiirtilebilir tiretkenligi
olumsuz etkilemektedir. Ayrica giderek azalan arazi kaynaklari lizerinde niifus artis1, iklim
degisikligi, arazi kullanimindaki degisiklikler ve c¢evre kirliligi gibi faktorler baskiy1

artirmaktadir.

Arazi kaynaklarn tizerindeki artan baskilar farkli bozulma tiirlerine yol agmaktadir. Bu
kapsamda tuzdan etkilenen topraklar diinya dl¢eginde yaklasik 1000 milyon hektarlik alan
olusturmakta dolayisiyla gliniimiizde tuzdan etkilenen topraklar tek basina 6nemli bir kiiresel

boyut kazanmistir.

Tuzdan etkilenen topraklarin islahinda jips kullanimi 6nemli bir uygulamadir. Ancak bu
yontemin uygulanmasinda ihtiya¢ duyulan jipsin maliyeti ve bunun saglanmasindaki gii¢liikler
jips kullanmasini engelleyen ciddi sorunlardan bazilaridir. Organik materyal uygulamasi, bu

topraklarin yonetiminde basit, etkili ve ucuz bir teknolojidir.

Alkali topraklarin yiiksek pH, degisebilir Na ve diisiik organik madde igerigi ile olumsuz
fiziksel Ozellikleri, dogal ve uygulanan besin maddelerinin etkinligini ve kullanilabilirligini
olumsuz etkiler. Sonug olarak bu topraklarda yetistirilen bitkilerin gelisimi zayif ¢cimlenme ve

beslenme bozukluklarindan dolay1 beklenilenden ¢ok diisiiktiir.
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Humik maddeler, toprak mikroorganizmalarinin biyolojik aktivitelerine dayanan bitki ve
hayvan kalmtilarinin biyolojik ve kimyasal déniisiimii ile olusturulur. Ug¢ ana gruba
ayrilabilirler: hiimik asit, fulvik asit ve huminler. Huminler hem bazlarda hem de asitlerde
coziinmezken, fulvik ve hiimik asitler ¢oziiniir. Asitlerde ¢oziinmez, hiimik asitler bazlarda
cozlinilir. Toprak ve bitki biiyiimesi i¢in gerekli olan karmasik organik molekiiller, hiimik ve
fulvik asitleri icerir. Kompostlanmais bir atik tirtindeki hiimik madde miktar1, olgunlugu i¢in bir
ol¢li olarak kullanilabilir (Fukushima vd 2009). Organik giibre uygulamasi, toprak pH'sini
onemli 6l¢iide azaltarak, topragin fiziksel ve kimyasal 6zelliklerini iyilestirerek tuzlu ve sodik
topraklarin 1slahin1 gelistirir (Ansari and Ansari 2008). Bitki artiklarinin topraga karistirilmasi
agregasyonu, havalanmay1 ve su tansiyonlarinda tutulabilen su icerigini artirir (Amoakwah et

al. 2017)

Corak bolgeleri restore etmek ¢ok pahali ve zordur. Bu nedenle, topraga organik ve inorganik
kokenli maddelerin eklenmesi, kurakligin azaltilmasi veya kurak alanlarin en akilci sekilde
kullanilmas: i¢in yapilabileceklerden biridir. Topragin fiziksel, kimyasal ve biyolojik
ozellikleri, organik veya inorganik bilesikler eklenerek iyilestirilir. Bu, topragin su tutma
kapasitesini artirir, tuzun toprak tizerindeki etkisini azaltir, toprak verimliligini ve tiretkenligini
artirir (Gumuzzio vd 1985, Fitch vd 1989, Dehgan vd 1994, Uysal ve Taysun 1995, Baran vd
1998, Nemati ve 2000, Ozbek 2002, Abd El-Rehim vd, 2004).

Topraktaki hiimik maddeler bitki biiylimesi ilizerinde dolayli ve dogrudan etkiye sahiptir.
Hiimik maddelerin bitki biiyiimesi {izerindeki dogrudan ve dolayl etkileri, kok gelisimini ve
bitkiler tarafindan alinan besinlerin metabolizmasini icerir. Ek olarak, metalik iyonlar, selatlar
ve hidroksitler gibi bu elementlerin cogunun suda ¢dziiniir formlarinin olusumunun yani sira su
tutma, drenaj ve iyilestirilmis havalandirmay: dolayli olarak etkiler (Soziidogru vd 1996,

Schnitzer ve Khan 1972).

Topragin tuzlulugunun ve sodikliginin ¢ogunlugu dogal siire¢lerden kaynaklansa da, sulama ve
arazi temizligi son zamanlarda ekili tarim arazilerinin 6nemli bir bdliimiiniin tuzlu ve/veya

sodik hale gelmesine neden olmustur (Munns 2005).
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Tuzluluk
Tuzlu Topraklar

Elektriksel iletkenlik (EC) 4 dS.m"den yiiksek, toprak pH'1 8,5'ten diisiik veya degistirilebilir
sodyum igerigi %15'ten az. Hem tuzlu hem de alkali olan topraklar i¢in tuzlu-alkali (sodik)
terimi kullanilir. Tuzlu-alkali topraklar, ozellikleri bakimindan tuzlu ve alkali topraklar
arasindadir. Bunlar, elektriksel iletkenligi (EC) 4 dS.m™!"den biiyiik, pH degeri en az 8,5 veya
degisebilir sodyum ylizdesi 15'ten biiyiik olan topraklardir. Alkali toprak, pH degeri 8,5'ten
bilyiik veya 15'ten biiyiik degistirilebilir sodyum yiizdesi veya her iki kosul. 4 dS.m™""den daha
diisiik bir elektriksel iletkenlige (EC) sahiptir (Tablo 1). Genel olarak, acik renkli, huysuz
topraklar alkali topraklarla iligkilidir. Bu, tuzdan etkilenen topraklarin ytiksek diizeyde iyonlara,
ozellikle de sodyum iyonlarina sahip oldugunu diisiindiiriir. "Alkali toprak" terimi, pH degeri

7'den biiyiik olan topraklari ifade eder. (Richards, 1954)

Tablo 1, Tuzluluktan etkilenen topraklarin siiflandirilmasi

Tuzluluk Smiflar1 EC (dS m™) pH SAR ESP (%)
Tuzsuz <4 <8.5 <12 <15
Tuz >4 <8.5 <12 <15
Tuzlu-Alkali >4 >8.5 >12 >15
Alkali <4 >8.5 >12 > 15

Calismalara gore topragin tuzlulugu, bitki biiylime ve verim potansiyelini 6nemli 6l¢giide azaltir.
Topragin EC degerindeki artisa bagli olarak farkli bitkilerde yasanan iirlin kayiplarinin
arastirildigi bir ¢alismada, domates bitkisi icin, topragin tuz konsantrasyonun 2.5 dS.m-1'den
3.5 dS m-1'e yiikselmesi durumunda iiriinde %10'luk bir kayip, 5 dS m-1'ye yiikseldiginde
iiriinde %25'lik bir azalma ve 7.6 dS.m-1'e yiikseldiginde iirtinde %50'lik bir azalma oldugu
kaydedilmistir (Kotuby-Amacher vd ., 2007). Tablo 2’te baz1 sebzeler i¢in EC siir degerleri

verilmistir.
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Tablo 2, Bazi meyve ve sebzelerde topragin tuzluluguna (EC) bagh olarak yasanan iiriin kaybi
(Kotuby-Amacher vd .,2007)

Bitki Esik Degeri Farkh EC (dS m™) Degerlerindeki Uriin Kaybi

l (EC, dS m™) %10 %25 %S0
Domates 2.5 35 5 7.6
Biber 1.3 2.2 33 5.1
Ispanak 3.7 5.5 7 8
Marul 1.3 2.1 3.2 52
Havug 1 1.7 2.8 4.6
Patates 1.7 2.5 3.8 5.9
Elma 1.7 23 33 4.8
Cilek 1 1.3 1.8 2.5

Alkali

Kolloidler, yiiksek konsantrasyonda sodyum tuzlarinin bulundugu ortamlarda degisebilir
sodyum ile doyuruldugunda, sodikasyon (alkalizasyon) olay1 gergeklesir. Kalsiyum (Ca*?) ve
magnezyum (Mg*?) tuzlarinin (CaCO3, MgCO3 ve CaSO4) ¢oztiniirliik limitleri asildiginda bu

tuzlarin bagka bir ortamda ¢okelmesi ile ortamdaki orantili sodyum miktari artar.

Bir topragin sodyum igerigi arttiginda, toprak kolloidlerindeki diger degisebilir katyonlar
degistirilir. Richards tarafindan saglanan bir formiil veya nomogram kullanilarak, bu ikame
miktar1 doygunluk ekstraktinki sodyum, kalsiyum ve magnezyum igeriginden hesaplanabilir

(Richards 1954)

Tiirkiye topraklar ile ilgili iki dnemli sorun olan tuzluluk ve sodiklik, 6zellikle sulu tarimin
biliylimesiyle es zamanli olarak drenaj sorunlar1 ve sulama suyu kalitesinin diisiik olmasi
nedeniyle son zamanlarda artmaktadir. Tiirkiye'nin 12,5 milyon hektarlik ekilebilir arazisinin
yaklasik 1,5 milyon hektarinda veya diinyadaki tarimsal {iretim alanlarinin yaklagik {igte birinde
tuzlanma ve alkalilesme, 2,8 milyon hektarinda drenaj sorunu bulunmaktadir (DSI, 1997 ve

2001; Taban vd., 1999).

Tuzlu, tuzlu-sodik ve sorunlu alanlardaki kiregli ve kiregsiz topraklar: denemek ve iyilestirmek
icin cok sayida arastirma yapilmistir. Ulkemizde yapilan calismalarin biiyiik cogunlugu
kimyasallarin kullanim1 ve yikama tekniklerine odaklanmis; sorunlarin ¢ézlimiinde bitkilerin

kullanimini inceleyen higbir ¢alismaya rastlanmamastir.
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Tuzlu Topraklarin Islah

Arastirmalarinda, Pensacola Bahia bitkisinin koklerinin, sertlesmis toprak tabakasi iginde
biliylime potansiyellerinin yiiksek oldugunu, bu durumda toprakta gelisen pulluk tabakasini
kirarak gelisebildiklerini tuzlu-sodik ve sodik topraklarin olumsuz fiziksel ozelliklerini
iyilestirilmesinde bu bitkinin kullanilabilecegini vurgulamiglardir (Cresswell and Kirkegaard

1995).

Toprak yiizeyine uygulanan bitki biyokiitlesi, toprak yilizeyinden buharlasmay1 azaltmaya

yardimct olur ve bdylece kok bolgesi profilindeki tuz konsantrasyonunu azaltir (Kharche 2016)

Agropyron elangatum bitkisinin toprak fiziksel 6zelliklerinin iyilestirmede etkili oldugunu,
toprakta makro gozeneklerin miktarin1 artirarak, gecirgenlik ve havalanma iizerine olumlu

etkilerde bulundugunu ¢alismalarinda kaydetmislerdir (Qadir ve Oster 2002).

Calismalarinda kiregli alkali toprakta (pH:10.6, EC:2.7 dS m™! ve ESP 94) piring (Oryza Sativa)
yetistirmislerdir. Topraga jips uygulamasi ve fitoremidasyon sonrasinda piring iiretimi 3,7

ton/ha dan 6,1 ton/ha’a artmistir (Kumar ve Abrol, 1984).

Deniz boriilcesi (Salicornia europaea) kullanarak kiregli tuzlu ve kiregli tuzlu-sodik 6zellikteki
iki topragin 1slah1 konusunda c¢alismislardir. Arastirma sonuglarina gore, deniz boriilcesinin,
tuzlu-sodik topragin ECe degerini 8,07 dS m-1 den 1.87 dSm-1"ye, tuzlu toprakta ise 4,31 dSm-
I’den 1,59 dSm-1’ye diisiirmistiir. Deniz boriilcesi tuzlu topraktan ise 56.52 kg/da-1 tuz
kaldirmis, tuzlu-sodik topraktan 71,57 kg/da-1 tuzu uzaklastirirken, SAR degerini 31,03 ten
20,82’ye diisiirmiistiir.(Elci ve ark.2021).

Tuzlanmanin Onlenmesi
Tuzlu topraklarin ¢cogunda yeraltt suyu seviyesi oldukc¢a yiiksektir. Uygun yerlerde agik veya

kapal1 drenaj kanallar1 agilarak yeralt1 suyu kritik derinligin altinda tutulabilir.

Su yonetiminde sulama suyunun tuz igerigi 1000 ppm'i gegmemelidir. Bu degerin {lizerindeki
tuz konsantrasyonlarinda buharlasma nedeniyle toprak yiizeyinde veya toprak icinde tuz
birikimi meydana gelebilir (Terry, 1997). Tuzlu topraklari sulamak i¢in en iyi zaman,
buharlasmanin en az oldugu zamanlardir ve damla sulama en iyi sulama teknigidir
(Kwiatowsky, 1998). Tuzlu su igeren sulama ve drenaj kanallarinda sizintinin énlenmesi, su

yonetimi ile ilgili bir diger iyilestirme projesidir. Sonug olarak, kanal ¢evresinde tuz birikmesi
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onlenebilir (Woods, 1996).

Tuzlu topraklar, kiiltiir bitkilerinin yetisme sezonlar1 dncesinde, tuz igerigi diisiik olan 500 mm
ha-1 sulama suyu ilave edilerek yikanabilir. Ancak yikama isleminin yapilacag: alanda etkili
bir drenaj sisteminin olusturulmasi beklenen sonuglar bakimindan 6nemlidir (Terry, 1997).
Tuzlu topraklarda tuza dayanikli bitkilerin yetistirilmesi, tuzlu topraklar1 kullanmanin uygun

bir yoludur.

Sonug

Tuzluluk ve alkalilikten kaynaklanan toprak degredasyonu, bitkisel iiretimi sinirlayan
ozellikleri nedeniyle arazi kaynaklarimin optimal kullanimimi engeller. Bu olumsuzlugun
giderilmesi ve bu arazilerin tarima kazandirilmasi arazi yonetimi bakimindan 6nemlidir. Cevre
stirdiiriilebilirligini de dnemseyen uygulamalarla sorunlu arazilerin geri kazanimi énemli bir
husustur. Bu uygulamalar i¢inde topraga organik materyal ilavesi toprak 1slahinin yaninda

topragin siirdiiriilebilirligi izerinde de 6nemlidir.

Topraga uygulanan organik materyaller; toprak organik maddesinin artmasinin yaninda
topragin fiziksel, kimyasal ve mikrobiyal Ozellikleri {izerinde faydali etkileri vardir.
Tuzlu/sodik topraklarda bu faydali etkiler, toprakta dogal faaliyetlerin ve bitkisel iiretimin
stirdiiriilebilirligini ve toprakta uygun bir ortamin gelismesine katkida bulunarak besin
elementlerinin elverigliligini artirmada 6nemli rol oynar. Ancak farkli organik atiklar ve yan
iriinler toprak icin 6nemli bir organik madde kaynagi olsa da, bu organik maddeler i¢in

uygulama oranlar1 ve uygulama zamani gibi en uygun yonetim stratejisini segmekte dnemlidir.
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Preparation of Ultrathin Molybdenum Oxide Film using Atomic Layer Deposition
System for UV Photonic and Optoelectronic Applications

Mohamed A. Basyooni!
Yasin Ramazan Eker’
Sule Ates’

Abstract

Molybdenum oxides (MoQOs) have gained a lot of attention as one of the transition metal oxides
because of their enormous electron affinity, broadband gap, various valence states, and layered
structure, which could be used in sensors, optics, catalysis, electronics, energy units, and bio-
systems. In this study, we prepared ultra-thin Molybdenum oxide (MoQO3) using an atomic layer
deposition (ALD) system using Bis(tbutylimido)bis(dimethylamino)molybdenum (VI) as a
Molybdenum (Mo) source. To understand the effect of depositing temperatures, we prepared
the films at 100, 150, and 250° C. The ultra-thin films were then annealed in the air for 15min
at 600° C and naturally collided. Different film thickens have been arranged from 1, 3, and 9
nm. The morphological and elemental properties were assessed using scanning transmission
electron microscopy and energy-dispersion X-ray spectroscopy. The thickness of the films is
increasing with increasing deposition temperature. Using atomic force microscopy we
discovered highly homogeneous thin films with minuscule particle sizes. The thickness films
show n-type semiconductor behavior with electron mobility of 9.80E+2 cm”2/V. These
findings were examined and interpreted in light of temperature-dependent atomic inter
diffusion, surface evaporation, and/or melting of MoOs3, shedding fresh insight into ALD
MoOs's electrical applications. This research could help to further the use of atomically thin

transition metal oxides in nonlinear photonics and electrical devices, as well as their integration.
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Introduction

Atomically thin two-dimensional (2D) metal oxides have exceptional physical and chemical
characteristics. Because of its huge electron affinity, broad bandgap, multiple valence states,
and layered structure, molybdenum oxides (MoOx) have gotten a lot of interest as a transition
metal oxide that might be employed in sensors, optics, catalysis, electronics, energy units, and
biosystems. Recently, MoOs has become a widely used high-k transition metal oxide in a range
of applications, including heterogeneous catalysis [1], super-capacitance [2], ion batteries [3],
and photovoltaic [4]. Thin films of molybdenum trioxide have been investigated in charge-
producing layers to improve the efficiency of organic light-emitting diode (OLED) devices [5],
[6]. Lithium battery cathode materials and catalytic applications are two further applications.
Meanwhile, the amorphous phase of MoO; has been shown to have electrochromic

characteristics [7] and to be a capable antibacterial material [8].

A variety of processes have been devised for the manufacture of MoOs thin films, including
chemical vapor deposition, ALD, chemical Li-intercalation, liquid phase deposition, and
mechanical exfoliation [9]-[11]. Among these, the ALD technology is a layer-by-layer surface-
controlled process based on self-limiting chemical reactions that can produce large-scale
conformal dense nano-films with precise thickness and component control at extremely low
temperatures [12]. ALD was recently established as a broad category of chemical vapor
deposition (CVD) techniques. It is thought to be a promising method for creating high-quality
metal oxide nanostructured thin films. The ALD technology has gotten a lot of attention since
it allows for sub-nanometer film synthesis control. ALD is also a film deposition process that
uses two gaseous solid half-reactions to build layers upon layers [13]. Furthermore, ALD
functions at a lower temperature than typical precursor decomposition, which can range from
below 4000 C to room temperature. ALD can also be employed for a variety of applications,
including high-refractive index optical coatings [14], dielectric layers with high permittivity for

electrical devices [15], gas sensors [16], photoelectrochemical solar cells [17], and
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photocatalytic coatings [18]. One of the most advantageous uses is microelectronic devices,
which may be produced on a variety of substrates because of the ALD method's low-
temperature growth process [19]. ALD is similar to CVD in that it is carried out in cycles, with
each cycle containing two self-limited surface contacts between gaseous precursor molecules
(steps) and the substrate surface [20]. As a result, unlike CVD and physical vapor deposition
methods, ALD film production is independent of gas flow when enough precursor and reactant
species are dosed. It was able to overcome the problems faced during the deposition of ultra-
thin oxide films [21] because of these advantages. ALD of metal oxides typically involves two
self-saturating half-reaction cycles, one involving a metal precursor such as a halide, metal-
organic, or organometallic, and the other involving the surface being exposed to an oxidant
such as hydrogen peroxide (H20>), deionized water (H20), ozone, or a combination of the two
(O3) [20]. Recently, ALD has been used to create ultrathin MoOs layers [10], [22], [23]. The
bis(tert-butylimido) bis(dimethylamido) molybdenum precursor investigated in this study
offers desirable ALD properties such as thermal stability, sufficient vapor pressure, and
reactivity at common ALD process temperatures [24]. This chemical has also been reported to
form ALD molybdenum nitride films using NH3 as a co-reactant [25]. However, it is currently

uncertain how to examine the nonlinear photonics of ultrathin MoOs films.

Materials and Methods

The metal-organic precursor (N'Bu)2(NMez):Mo (Strem Chemicals USA) was used to examine
the development of molybdenum oxide for ALD techniques. At standard ALD process
temperatures, it exhibits desirable ALD features such as thermal stability, enough vapor
pressure, and reactivity. Using NH3 as a co-reactant, this molecule was also shown to deposit

ALD molybdenum nitride films [25]

X

N
\ _-NMe,
//Mo\

N NMe2

b

Figure 1: the chemical structure of Bis(t-butylimido)bis(dimethylamino)molybdenum(VI) [26].

It's a molybdenum-based organometallic chemical that's commonly utilized as a
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semiconductor precursor. At temperatures ranging from 80 to 300 °C, molybdenum
carbonitride films were formed utilizing plasma-enhanced atomic layer deposition

procedures with (N'Bu)2(NMe:)Mo.

Using a rotating vacuum pump, the films will be deposited in a cross-flow, hot wall reactor
(AT410 ALD system (ANRIC Technologies, MA, USA). For films developed at 100, 150, and
250° C, the chamber reactor will be kept at a consistent process temperature, as shown in Table
1. The ALD technique used a carrier gas flow of 20 sccm of ultra-high purity grade, 99.999
percent Ar to pulse the Mo precursor and oxidants. Throughout the process, the temperature of
the Mo Precursor is kept at 80 degrees Celsius. Meanwhile, the dosage line and manifold are at
100 and 105 degrees Celsius, respectively. With a reactor operating pressure of 0.3 Torr, the
process flow was a standard thermal pulse/purge ALD method. During the process's exposure,
the purge flow is 10 sccm. An ATO3 ozone system (ANRIC Technology Canada) will deliver
the ozone co-reactant to the chamber, which will be filled with ultrapure oxygen. Table 1 shows
the purging times for Mo and O3 sources. The optimal number of pulses for Mo and O; sources,

respectively, is 3 and 2.

Table 1: shows the basic depositing parameters of MoOs ultrathin films.
Samp | Depositi | No. | Expositi | Precurs | Ar Mo | Ozon | Mo | Ozo | Thickne
le on of on or purg | Purg e Ex ne ss
Temp. | Puls | conditio | temp. e es Purg | p. | Exp. (nm)
(®)] es n (°C) | Flow | (ms) es tim | Time
Rate (ms) e (ms)
(scc (ms
m) )
S0 100 400 Ozone 80 20 8000 | 1000 | 100 | 1000 1
0 0
S1 150 400 Ozone 80 20 8000 | 1000 | 100 | 1000 3
0 0
S2 250 400 Ozone 80 20 8000 | 1000 | 100 | 1000 9
0 0

Characterization Techniques

A ZEISS GeminiSEM 500 field emission scanning electron microscope (FESEM) and scanning

transmission electron microscope (STEM) were used to capture the surface morphology. Using
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an Oxford Ultime extreme ZEISS, energy-dispersive X-ray spectroscopy (EDS) analysis of the
samples was performed to characterize the quantitative analyses of the samples. The SWIN
Hall 8800 Hall effect test device is used to measure carrier concentration and mobility.
OptoSence Sourcemeter was used to take electrical. Photonic, and optoelectronic
measurements. The Filmetrics F20 thin film analyzer was used to measure the film thickness.
UV-VIS-NIR Spectrophotometer UV-3600i Plus Shimadzu was used to detect optical

absorption (A) on glass substrates.

Results and Discussions

FE-SEM, STEM, And Surface Morphology

Fig. 2 shows the creation of ultrathin films at various deposition temperatures. As shown in Fig.
2 (a-c), FESEM was used to examine the surface morphology of MoO3 at deposition
temperatures of 100, 150, and 250° C. The sample surfaces are extremely homogeneous and
evenly distributed throughout a wide range. The film appears to become denser when the
deposition temperature is raised. Fig. 2 shows the ultrathin film preparation process at various
deposition temperatures. The surface morphology of MoO3 was examined by FESEM at
deposition temperatures of 100, 150, and 250 degrees Celsius, as shown in Figure 2. (a-c). The

samples' surfaces are extremely homogeneous and evenly distributed throughout a wide range

of temperatures. As the deposition temperature is raised, the film appears to become denser.

EHT= 1.00 ¢ Signal A = SE2 @ a EHT= 1.00 KV Signal A= SE2 Gl n EMT= 100KV Signal A = SE2
WD = 4.2mm Mag = 100.00 K X + WD = 4.2 mm IMag = 100.00 KX — WD = 4.2 mm Wag = 100.00K X

(a) (b) ()
Figure 2: shows the FESEM and STEM images. (a), (b), and (c) shows the FESEM images of S0,
S1, and S2, respectively.

e

Additionally, Energy Dispersive Spectroscopy (EDS) is a common method for determining and
measuring the elemental composition of sample areas when used in large-scale scanning mode.

The composition analysis of the Mo and O elements is shown in Figure 3 (a, b, and c), with the
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silicon substrate being responsible for the enormous peak. As the deposition temperature rises,

we observe a decrease in the Mo content.

S0

(a) (b)
Figure 3: shows the EDS mapping and characterizations of the samples. (a), (b), and (c) show the

sum spectrum of Mo and O of S0, S1, and S2, respectively.

Linear Optical Behavior and Bandgap

A UV-VIS spectrophotometer was used to evaluate the thin films' optical absorption (A), which
is shown in Figure 4 (a). S1 thin films have the maximum absorption, followed by SO and S2
thin films. Figure 4 (b) calculates and illustrates the optical band gap [27]. The bandgap (Eg)
calculations are obtained by extrapolating the linear component of the plot of (ahv)? vs hv to
a=0. We see that the band gaps are around 3.54, 3.66, and 3.81ev for S0, S1, and S2 thin films,

respectively.

The optical quality of the samples and their suitability for use in optical-switch applications are
assessed using the extinction coefficient (K) with wavelength. Figure 4 depicts the refractive
index's behavior (c¢). With values of 1.37, 1.25, and 1.0 for SO, S1, and S2 thin films, the general
behavior of n and K is comparable to one another. After 400 nm, however, n behaves in a nearly
constant manner with no variation. The extinction coefficient is shown as a function of
wavelength as K = /4 in Figure 4(d), with values of 0.38, 0.26, and 0.00 denoting S0, S1, and
S2 thin films, respectively. These values of both n and k are sharply increased by getting closer
to the UV region and become congruous at higher wavelength values through the visible and
near-infrared regions. Plotted in Figure 4 (e and f), respectively, are the real component (real)
and the imaginary part (imaginary) of the dielectric constant for SO, S1, and S2 thin films. When
the wavelengths are increased, the value of real decreases until it reaches coexistence at about
400 nm. The SO and S1 thin film samples have the greater value, while the S2 sample has the

largest difference.
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Figure 4: demonstrates the produced samples' linear optical performance. The optical absorbance,
band gap, refractive index (n), extinction coefficient (K), the real part of the dielectric constant,
and imaginary part of the dielectric constant of S0, S1, and S2 thin films are depicted in (a), (b),

(c), (d), (e), and (f), respectively.

Hall Effect Measurements

A Hall Effect measurement system is used to determine the semiconducting nature and
electrical characteristics. The Hall Effect describes what happens to the current running through
a conducting material, such as a metal or a semiconductor, when it is exposed to a magnetic
field B. The charge carriers in a current-carrying conductor that is in a magnetic field experience
a force that is perpendicular to the directions of the current and magnetic field. The Hall Effect,
which results in the separation of the charges, generates a measurable Hall voltage. This relates
to both the Hall coefficient and the strength of the magnetic field. The Hall coefficient and its
sign are determined by the charge carrier density and type. The measurements were made using
a four-probe measurement setup with a magnetic field B of 7210 G applied at room temperature
(300 K). Table 3 presents the findings for SO, S1, and S2 thin films. MoO3 films generally
behave as p-type semiconductors because their ultrathin, few nanometer-thick fats are placed

on thick p-type silicon substrates. For the SO to S1 thin films, we can see that the sheet carrier
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concentrations are very similar, however, for the S2 thin film, a larger divergence is seen. These
findings can be compared to the final optical performances. The bandgap calculations and Hall
Effect measurements in Figure 5 demonstrate that the SO thin film has the best conductivity (a).

Similar relationships exist between the sheet carrier concentration and carrier concentration,

both of which decrease as the deposition temperature rises; SO to S2 thin films.

Table 3: shows the surface resistance and electrical Hall Effect measurements of S0, S1, and S2
thin films. We note that when Hall voltage shows a positive (negative) value, the majority carrier of
the sample is the p (n) type. R (sheet resistance), Ry, (resistivity), Vu (Hall voltage), Ry (Hall
coefficient), Ny/P; (sheet carrier concentration), N/P (carrier concentration), and Mob (mobility).
Sheet o Hall Hall Sheet carrier Carrier .
. Resistivit . . . Mobility
Sampl | resistanc voltag | coefficien | Typ | concentratio | concentratio (emA2/V
e e ¢ chm) e t e n n )
(Q/sq) (\%) (m*3/C) (/cm”2) (/cm”3)
SO 1.62E+5 1.62E-1 2‘25E_ 1.58E-6 P 3.94E+12 3.94E+18 9.80E+0
3.21E-
S1 4.40E+4 2.20E-2 3 2.23E-6 P 1.40E+12 2.80E+18 1.01E+2
1.83E-
S2 1.62E+7 1.62E+1 ) 5.09E-4 P 1.23E+10 1.23E+16 3.13E+1
% I I I ® . 100° C- 400 Pul
o m P o cuonie T
< * A 250° C- 400 Pulse| r A 250° C-400 Pulse
§ g 02| Dark 1090V lllumination
=3 3 € ’
§ S
3 2 2 }_:- =
g ﬁ 0.2
5 ¢
g ! ! : -04
§ £ ™
¢
% 0 L S S e e
T T T T ! -0 8 6 4 -2 0 2 4 6 8 10
" NOX N v "

Figutr 5 :(a) and (b) show the carrier concentrations and current-voltage characteristic curves, respectively.

Electrical and Optoelectronic Properties
The I-V curves provide light on the characteristics of carrier transport by using particle to
particle and particle to electrode contact types. Figure 5(b) reports the electrical characteristic

behavior of the current-voltage (I-V) system. The electrical characteristics were tested in the
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air with both dark and light illumination, and the results are shown in Figure 5. (b). -4 to +4 V
is the measurement range. As can be seen, the dark current is significantly less than the
photocurrent in this area. The samples are from systems that use Schottky contact
photodetection. It appears that the current was modest around 0 voltage and began to rise as the

voltage rose.

Additionally, we see that S2 thin films suddenly increase at the beginning of the current,
followed by S2 and subsequently SO thin films. There is a sizable positive and negative
photocurrent in every sample. The fact that the samples did not exhibit a significant dark current
is very intriguing and contributes to their appeal as photodetector application materials.
Additionally, S1 thin film had the maximum observed positive photocurrent of 12.6 uA at 4V,
which was followed by S1 thin film. The largest negative photocurrent, 22.5 uA at 4V, is
provided by the S2 thin film. The bandgap and Hall Effect calculations mentioned above can
serve as confirmation for these findings. Therefore, S1 thin film is related to the best electrical

and optoelectronic film.
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(a) (b) (c)

Figure 6. (a-c) shows the On-Off photocurrent response of S0, S1, and S2 thin films under different
biases of 2, 3, 4, and 5V for both dark and light illuminations.

Additionally, as shown in Figure 6 (a-c), optoelectronically test the general performance of the
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S0, S1, and S2 thin films. Through the On-Off mode, we applied various biases of 0, 0.5, 1, 2,
3, and 5V and monitored the dark and photogenerated currents over time. To apply long-range
measuring techniques, we need to know how well the thin films' photodetectors function. The
light source was always a fixed distance from the samples during the measurements. We
observe that low bias voltages of 0, 0.5, 1, and 2 V are insufficient for the electrons to escape
for conduction roles in the SO thin film. The film exhibits greater photocurrent ranges at higher
biases of 3, 4, and 5V, but good stability with rising and falling values. However, as seen in
Figure 6 (b), S1 thin-film demonstrated improved results. S1 thin films have highly steady
performances at low bias voltages of 3V, both in the dark and with a light on. Additionally, the
best stability over extended distances was recorded at 3V. Similar to what was mentioned in
the I-V sections, this observation makes the S1 thin-film highly appealing for electrical and
optoelectronic applications. The film becomes less stable at larger biases, and the photocurrent
starts to decrease at 5V. It is encouraging to see that S1 thin films formed at 150 °C can function
for low voltage devices with low bias voltages. Compared to SO and S1 thin films, the S2 thin

film had lower film stability.

Conclusions

In this study, we used Bis(tbutylimido)bis(dimethylamino)molybdenum (VI) as a Molybdenum
(Mo) source to prepare ultra-thin Molybdenum oxide (MoQOs3) utilizing an atomic layer
deposition (ALD) technique. We prepared the films at temperatures of 100, 150, and 250 °C to
better understand the impact of depositing temperatures. The results show that these thin films

can be experimentally demonstrated for photonic and optoelectronic applications.
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A Review: Non-Newtonian Fluids, their Behavior, and Application in Technical Textiles

Md Safuan Islam’

Abstract

Non-Newtonian fluids were studied and generated great interest since their discovery in various
fields of application because of their special characteristics. Newton's law is applied to any kind
of fluid or liquid material but is not acceptable for a non-Newtonian fluid to determine its
viscosity or behavior. Non-Newtonian fluid follows more or less Hooke’s law in daily life.
Normally non-Newtonian fluids change their behaviors under the force applied and change into
the form of solid or liquid. It absorbed the applied force and change its shape according to the
surrounding condition. Technical textiles are those products that are used for functional
purposes rather than decorative purposes. Nowadays, for comfort, protection, and easy to use,
numerous materials are used in the textile sector. Non-Newtonian fluids are one of them added
recently. It draws more attention because of its unique properties like absorbing hits, releasing
the temperature, and changing shape for producing liquid body armor, sports equipment, and
personal protection equipment. Those are some of the areas, Non-Newtonian fluids are applied
to produce textile equipment for protection and daily life usage. In this review paper author is
trying to show non-Newtonian fluid’s behavior and their applications in technical textiles now

and future time.

Keywords: Non-Newtonian fluids, Characteristics, Applications, Technical textiles.

Introduction

As the days go on, the rapid development of technology needs to evaluate the needs of new
products with the combination of comfort and protection. For this reason, according to their
features and uses protective clothing which is part of technical textile has taken an important
place in the textile sector. Since technical textiles emphasize technical features, they keep user-
friendly features like comfort during production. For this reason, studies in this field are

increasing with the increasing demand for protective cloth with comfort without sacrificing
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their protective properties.

Newton's law is not applied to a non-Newtonian fluid for its viscosity and other properties.
Normally non-Newtonian fluids change their behaviors under the force in the form of a solid
or liquid state [1]. Researchers are trying to develop new goods by using those polymers which
contain such kinds of features combined with textile matrix or composite for use in protective
clothing. In this review, the main goal was to find out what work has been done on non-

Newtonian fluids and their applications in technical textiles.

Non-Newtonian Fluids

In the case of Newtonian fluids, shear stress (o) is proportional to the rate of shear (y) and the
constant of proportionality of viscosity (1)) and abides by the Newton law ( see figure 1) [2]. In
normal cases, liquids viscosity increases with pressure and decreases with temperature [3]. If
the viscosity is high, the resistance will be high for the flow of the fluids [4]. If any fluid does

not follow those Newtonian laws then those fluids would be known as non-Newtonian fluids.

Hooke’s law [5], describes solid behavior as all solids were considered to be elastic.

c=Ee (1)

Here o is extensional stress, E is Young’s modulus and ¢ is strain. If any force is applied to an
elastic solid, it will change its shape all of a sudden but if we remove that force it will return its
own position again if that solid follows Hooke’s law. In case of fading memory of the
viscoelastic material, the material will strain linearly and once the stress is removed from the

material, it will return to its original state over time (Brinson and Brinson (2008)).

Non-Newtonian Fluids’ Nature
In 1835 Weber observed that silk threads behaved neither perfectly elastic nor perfectly viscous
(Weber (1835). It behaves like viscoelastic material and follows Hooke’s law hence

viscoelasticity is followed by the time effect and is known as non-Newtonian fluid [5], [6].
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Figure 1: Diagram curves of Newtonian and non-Newtonian fluids behavior [7].

In the case of a non-Newtonian fluid, its viscosity will raise with the raising shear rate or the
viscosity will reduce by reducing the shear rate. Those are called shear thickening or shear
thinning fluids [7]. Shear stress will change the viscosity of a non-Newtonian fluid. But it will

not affect Newtonian fluid’s viscosity [8].

In general Non-Newtonian fluids are found in polymer form. Repeated units of monomers are

unified together as a long chain-like macromolecular structure to form a polymer structure.

At rest

Under shear -,

Figure 2: Schematic diagram of a Non-Newtonian polymer under shear before and after [8].

In the last 3 decades, scientists found that there were many materials that did not follow
Newtonian law in many cases. Indeed non-Newtonian fluid behavior is far more exceptional

than Newtonian fluid [4], [9].

A shear thickening fluid will behave like non-Newtonian material when its shear rate reaches a
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pick point because of increasing viscosity but it will behave like a lubricant and flows easily
during a low shear rate. The hydrodynamic forces repulsive inter particles and form hydro
clusters at a high share rate. At that time liquid will not be able to fill those inner gaps between
the particles. As a result, friction will increase rapidly which will also increase the viscosity of

the fluid [10].

Polymers with Non-Newtonian Properties

In general, non- Newtonian behavior is shown by natural and synthetic fluids [4]. In our regular
life cement paste, chocolate, greases, lubricating oils, molten polymer solutions, cosmetics, and
products like shampoos, shaving foams, and toothpaste are also shown non- Newtonian
behavior [11]. However, existing non- Newtonian fluids are nanoparticle-based (cornstarch)
suspensions or polymer-colloid composites (polyethylene oxide (PEO)/Si02) [12]. Plastics,
rubber, and fabrics like polyester and spandex are the most common synthetic polymers
including natural polymers like DNA, proteins, and starch that have properties like non-
Newtonian fluid [13]. Poly-vinyl chloride (PVC) is a perfect example of a non- Newtonian
fluid [14]. In a thin linear channel viscous fingers form which shows non-Newtonian nature
[15]. The viscosity of road bitumen varies, the harder the bitumen, the greater it will show non-
Newtonian behavior at 60°C [16]. Now an advanced class of non-Newtonian fluid has been
discovered to have switchable rheological properties being intermediate between carbon

dioxide (CO2) and nitrogen (N2) [12].

Non -Newtonian Fluid’s Effect on End-Use Properties

Non-Newtonian fluid is used to understand the liquefaction process during the earthquake
because an earthquake puts stress on certain types of solid clay which may turn into a runny
liquid. To move easily, body armor behaves like a liquid but it turns into a solid under the force
applied that could be useful for producing protective equipment for police or military personnel
[17]. Now, researchers have succeeded to create the first 3-D computer model by using Oobleck
that may forecast the mystic nature of the substances [18]. The non-Newtonian fluid is used for
QCM measurement response to monitoring mass changes due to adsorption on a surface such
as DNA, proteins, microorganisms, endothelial cells, polymers, and polyelectrolyte multilayers
[19]. Properties like heating and cooling of non-Newtonian fluids are used to operate the

chemical reactors, heat exchangers, distillers, extractors, thinners, and decanters [20].
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Nowadays a non-Newtonian fluid is applied to reduce the neck injuries effect [21]. The moving
rigid surface being coated with non-Newtonian fluids show effective slip effects causing the
phenomenon of stress-caused diffusion resulting in the flow of liquid structured [22]. To
produce a new generation of composite systems using non-Newtonian silica-based fluids that
may be able to absorb a huge amount of energy at the time of impact without causing any major
damage is the key point of developing those composites including a carbon fibers reinforced

polymer laminate [23].

Non-Newtonian Fluid Affects the Production Process

The viscosity of a non-Newtonian fluid will alter because of its mechanical pressure, shaking,
stirring, or squeezing known as shear stress. Newtonian fluid viscosity will not be affected by
shear stress. By using non-Newtonian fluids to produce several products, we need to be careful
about the adjustment of the fluids with the body parts of the product. If non-Newtonian fluids
do not attach in the proper direction or proper angle, the shear stress will be very during its uses
and it may cause harm to the users. That’s why if we use non-Newtonian fluids as a composite-
like sandwich structure, we may overcome this problem. There is another possibility to use the
non-Newtonian fluid as a small packet structure inside the composite structure. This packet
structure will be more stable than a normal sandwich structure. As the flow of non-Newtonian
fluids is different from normal fluids, the production time to produce the products will be a little
longer than normal fluids. Another problem may be if for any reason shear stress very, it may

cause damage of the product during productions.

Applications on Technical Textiles

Nowadays scientists had tried to develop various products by using non-Newtonian fluids for
many industrial applications. Researchers developed fabrics used in expandable spacecraft
which is able to withstand the penetration of hypervelocity particles in space. On the other hand,
10% of NNF in the silicone emulsion is used in the pads for producing sports equipment: such
as mouth guards to protect against dental damage, and gloves to protect the hands. It is also
used in automobiles, airplanes, and trains for protection in case of any kind of accident occurs
[24], [25].

Today non-Newtonian fluids are applied in major three fields including devices with damping and
stiffness, smart structure, and body armor [26].
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Devices Provide Damping and Stiffness
A device is filled up with functional fluids including non-Newtonian fluid for gaining stiffness
and damping of that device. Developing a viscoelastic damper using NNF to maintain the

vibration of a tank, a pipe, or a structural member [27], [28].

End closure Silicone oil Annular gap Seal  Rod

ATTLLALTLRLAS LSRR

/e 4

—)E~---‘---'-~-- it i ettt et

7 7
External 7 3

force

Cylinder  Piston  Flow direction

Figure 3: Diagram of a viscoelastic damper [29].

An earthquake or wind may cause those types of vibrations. During that time minimum reaction
force will be produced by the damper to protect the tank, the pipe, or the structural member

[30].

Smart Structures

Researchers develop a way to minimize the damage to downhole equipment by using non-

Newtonian fluid as tamping in the controlled pulse fracturing process.

Figure 4: Smart bra [32].

Researchers also developed composite structures by using NNF where two components belong
to the same structure and move to each other having their applications in sports equipment,

aeronautics, aerospace, and consumer good [25], [31].
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Figure 5: Smart helmet [33].

To produce a body limb movement limiter, shear thickening non-Newtonian fluid is used which
may help to limit the movement of a person’s joints like the shoulder, knee, elbow, and ankle
to prevent the patient from further damage to the affected area from sudden force developed

[34], [35].
Body Armor

Nowadays most prominent application of non-Newtonian fluids (NNF) is in military fields for
producing liquid body armors by absorbing a fibrous substrate or a porous media in an NNF
[36]. Recently to improve the volume and viscosity of ballistic impact of KEVLAR® fibers,
dry powders exhibiting dilatant properties were used [37].

Researchers also investigate on composite material to develop a ballistic fabric saturated with
shear thickening fluid that has a greater ballistic performance rather than traditional ballistic

fabric-based materials of same thickness [38].

Figure 6: Liquid body armor [39].
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Another important requirement for body armor is high permeability to air and moisture. Those
body armors have to be flexible as well as comfortable during wear with enough protection
against any kind of hurt. Research is ongoing to improve NNF-based liquid body armor across

the world [40], [41], [42].

Current Developments

Researchers have found that the properties of shear thickening (NNF) can be changed by
alternating properties like hydrophilic or hydrophobic, shapes of the particles, and measuring
conditions which help to develop new smart suspensions containing electro or magneto

rheological behavior [43].

IMPACT FORCE

SOFT & FLEXIBLE

OUTER FABRIC

LOCKS ON SHOCK

D30

INNER LINING

® o © RETURNS TO
= FLEXIBLE STATE

TRANSMITTED FORCE =
SHOCK ABSORPTION

Figure 7: Working principle of D30 [44].

Very recently, a new kind of non-Newtonian fluid based special gel deeth-reeoh (d30) has been
developed by UK company D30 [45]. This product is able to absorb impact energy easily which
may use in very cold to very hot temperatures, very dry to very wet humidity or any kind of
excessive conditions. Those excellent features give them grate advantages for using them as the

alternative choice of a fluid for the future applications in nanoscience [46].

Conclusions

Non-Newtonian fluids are special case among the fluid classes. They have several phenomena
and so far no general methodology could be applied for non-Newtonian fluid. Normally
application of non-Newtonian fluids (polymer) are protective fields. The shock impact

absorbing performance of non-Newtonian fluid (polymer) give positive feedback because after
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treated with non-Newtonian fluid (polymer), fabric’s flexibility has not been altered. But till
now there is not enough work have done against comfort to measure the comfortability of the
product developed by using non-Newtonian fluids. Till now in body armor systems, fabrics like
Twaron®, Kevlar® and Dyneema® have most important role. Factors that domain non-
Newtonian fluid properties are its component size, shape and distribution. Modification of
fabrics by using non-Newtonian fluid with shock absorbing properties had not been studied
enough. Since the features such as the inability to preserve the shape of non-Newtonian
materials are a problem in the production of those products, the development of textile-
supported layers like composite will prevent the problems shown during the production. In the
future, people can work to develop fabric modification by using non-Newtonian fluid as well

as the comfort of the final products.
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Bilinmeyen Kapah Bir Ortamda Otonom Hareket Edebilen insansiz Hava Araci

Ulanbek Toktogulov!

Ozet

Insansiz Hava Araglar1 (/HA) takip, gozetleme, denetim, tasimacilik, zirai ilaglama, yangin
sondiirme ve savunma gibi ¢esitli sektdrlerde verimli hizmet verebilmektedir. Giiniimiizde teror
ile miicadelede polis, jandarma ve asker gibi farkli giivenlik birimleri kapali ve bilinmeyen
ortamlarda gorev yaparken istenmedik durumlarla karsilasilabilmektedir. Bu tiir beklenmedik
durumlar yaralanma ve hayatin1 kaybetme gibi olumsuz sonuglara sebep olabilmektedir. Bu
oliimciil kazalar1 en aza indirgeyebilmek i¢in insansiz hava araglar farkli ortamlarda otonom
olarak dizayn edilmekte ve olumsuzluklarin 6niine gegilebilmektedir. Kapali alanda operasyon
sirasinda diismanlar1 tespit edebilmek amaciyla IHA’y1 otonom hareket ettirmek avantaj
saglayabilmektedir. Bu makale kapsaminda, IHA tiirii araclarla bilinmeyen kapali ortamlarin
cevresi hakkinda bilgi edinmesi ve en iyi arag rotasina karar verebilmesi i¢in uzaktaki operatore
bilgi saglayan sensorler ve kameralar kullanilma iizere arastirma edilecektir. Makalede nesne
tespiti icin YOLO tabanli ger¢ek zamanli sistem kullanilacaktir. Hedefe ulasildiginda ¢izilen
doniis yolu takip edilerek sistem otomatik doniis icin onay saglanacaktir. Boylece bastaki
koordinasyona geri doniiliir ve inis yapilir. Bu otonom hareket sonucunda bilinmeyen kapali
ortam kesfedilir ve ¢evre hakkinda bilgi iceren harita olusturulmus olur. Bu arastirmada sadece
savunma alaninda degil; ayn1 zamanda ¢esitli sektorlerde bilinmeyen ortamlarin haritasinin
cikartilmasinda, ara¢ rotalanmasinda, yangin/afet durum tespitinde, tagimacilik ve benzeri

gercek problemlerde kullanilabilecek kapasiteye sahip olacaktir.

Anahtar kelimeler: Otonom Navigasyon, YOLO, IHA, Haritalama, Yapay Zeka

Disiplin: Havacilik ve Yapay Zeka

! Lisans, Gazi Universitesi, Bilgisayar Miihendisligi.
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Giris

Giiniimiizde Insansiz Hava Araci (IHA) teknolojisi gozetleme, kesif, tasimacilik, kamera
cekimi ve zirai ilaglama alanlarinda faaliyet gostermektedir. Savunma alaninda Doner Kanatl
IHA Tiirkiye’de ve diger iilkelerde etkin sekilde kullanilsa da hala birtakim gelistirmelere
ihtiyac duymaktadir. Ozellikle otonom hareket konusunda calismalar dikkat ¢ekmektedir.
Tiirkiye yapimi ‘Kargu-2’ [1] isminde Déner Kanath IHA [2] yapay zeka teknolojisi sayesinde
canlt hedefleri komut almadan tespit edip vurduguna yer verildi. Ter6r ile miicadele eden polis,
jandarma ve askerlerimiz bilinmeyen kapali alanda gorev yaparken istenmedik zararlara
ugramaktadir. Bu beklenmeyen durumlari ve ¢atigmalar1 en aza indirebilmek i¢in giivenli bir
yerde otonom kontrol edebilir. Bilinmeyen kapali bir ortamda hareket edebilen Doner Kanatl

IHA otonom siiriisii dnerilmektedir [3].

Global Konumlandirma Sistemi (GPS) [4] acik havada otonom navigasyon i¢in aktif olarak
hizmet vermektedir. Bununla birlikte GPS’in aktif olmadig1 ya da kapali mekanlarda GPS
bilgilerinin alnamadigi  durumlarda IHA’larin  kontrol edilemedigi dezavantajlarla
karsilasilabilmektedir. Bu nedenle otonom araglarda navigasyon konusu bir¢ok zorlugu

beraberinde getirmektedir.

Son yillarda kapal1 ortamlarda otonom navigasyon i¢in bir¢ok ¢6ziim yolu ortaya konulmustur.
Bu ¢6ziimlerden biri bilinmeyen bir ortamin {i¢ boyutlu haritasini ortaya ¢ikarmaktir. Bunun
icin mesafe tanimlama (LIDAR) [5], RGB-D sensorler ve Stereo Vision cihazin hangi konumda
olduguna yardimci olur [6]. Bu siire¢ yaygin olarak literatiirde Eszamanli Yerlestirme ve
Haritalama olarak bilinir (SLAM) [7]. Ancak, bu islem hesaplama ag¢isindan maliyetli bir
siiregtir ve gercek zamanli senaryolarin ¢ogunda basarisiz olabilmektedir. Bu arastirma
makalesinde, Déner Kanatli IHA nin kapali bir ortamda ¢ok fazla hesaplama yiikii olmadan
otonom hareket edebilen bir sistem tanimlamaktayiz. Makale kapsami aracin otonom modu
oldugundan dolayr monokiiler kamera [8] ve sensorler gibi birtakim donanimlara ihtiyag
duyulmaktadir. Kapali bir ortamda IHA tamamen otonom modunda ise sadece kamera
kullanilmaktadir. Bu tiir bir modda aracin, yapay zekanin bir alt dali olan Derin Ogrenme
algoritmalarmi kullanarak otonom hareket etmesi saglanacaktir. Bu asamada rotada giivenli
ilerleme ve nesne tespiti icin Evrigimli Sinir Ag1 (CNN) mimarisi olan DenseNet-161 [9] ve

YOLO [10] gibi ger¢ek zamanli tanimlama algoritmalar1 kullanilacaktir.

www.internationalstudentsymposium.com



. ULUSLARARAS
8. Uluslararas1 Ogrenci Sempozyumu ) 'oéREN ci

N\ |
SEMPOZYUMU

International Student Symposium

Amag ve Hedef

Déner kanatli IHA bilinmeyen kapali bir ortamda otonom hareket edebilir ve savunma, itfaiye
ya da tagimacilik gibi alanlarda rahatlikla kullanilabilir. Makale kapsami; yapay zeka, makine
ogrenmesi ve goriintili isleme tabanli kontrol-kumanda uygulamalar1 icerecektir. Bu kapsamda
planlamaya yonelik ¢aligmalar yapilacaktir. Boylelikle ililkemizin Al-Robotics sektoriinde

diinyada oncelikli hale gelebilecegini diigiiniilmektedir.

Bu arastirma kapsami Doner Kanathi IHA bilinmeyen kapali bir ortamda otonom hareket
edebilen, goriintii islemede nesne tespiti ve gercek zamanli algilama teknolojisi 6zglinligi
icermektedir. Deprem sirasinda yikilmis binalarda, magara igerisinde veya belirsiz kapali
alanlarda bulunan kisiler bu projenin ¢iktisindan yararlanabilecek ve navigasyona erisilemedigi

yerlerde otonom isleviyle slire¢ tamamlanabilecektir.

Makale ¢iktisindaki aracin digerlerinden temel farki tamamen derin 6grenme algoritmalar:
icermesi, otonom hareket etmesi ve tarim, tasimacilik, afet yonetimi, yangin séndiirme gibi
farkli alanlarda kullanilabilecek 6zellikte tasarlanmasidir. Goriintii islemede ve nesne tespitinde

derin 6grenme algoritmalari iizerinde gelistirmeler ve testler gerceklestirilecektir.

Yontem

Sistemimizin amaci Doner Kanath IHA bilinmeyen kapali bir ortamda ozerk olarak
gezinmesini saglamaktir. Bu ara¢ otonom sekilde calisacagindan dolay1 otonom kisminda bir
insan pilotun makul gercek zamanl kararlar alma yeteneklerini taklit etmektedir. Goriintiiler,
[HA'ya bagli 6ne bakan bir kamera tarafindan olusturulur. Egitimli siniflandiric1 ve giivenli
navigasyon i¢in ger¢ek zamanli bir ugus kontrolii ara¢ tarafindan otonom saglanacaktir.
Siniflandirici, uzman pilot eylem secimi ile egitilir. Egitim silirecimiz, siniflandiricinin
minimum hata olasilif1 ile ¢aligmasi ve navigasyonu kontrol etmek i¢in en etkili stratejiyi
o0grenmesini saglar. Modelin egitimi i¢in son teknoloji bir CNN modeli olan DenseNet-161
kullanilabilir [11]. Modelin egitimi denetimli 6grenme yaklasimu ile yapilabilir. Bu arag fiziksel
bir labirent tarz1 kapali ortamda test edilmeden 6nce bir simiilasyonda yazilimsal olarak test
edilecektir. Model parametreleri, sentetik veri seti ile ince ayarlarla belirlenecektir. Egitilen
modele girisler, IHA'min 6niinde bulunan kameradan alinan gercek zamanli bir goriintiileri
icerecektir. Bu modelin ¢iktisy; ileri git, saga kaydir, sola kaydir ve dur gibi farkli simif

etiketlerinin olasiligini kapsayacaktir. Derin 6grenme sisteminde ¢iktinin giiven degeri diisiikse
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egitime devam etmek igin model tekrar bir sonraki kareye bakacaktir. Aksi takdirde IHA’ya

gecerli bir ucus komutu ile geri dondiiriilecektir.

Nesne Tespit Sistemi

Bilgisayarli gorii (computer vision), bilgisayarlarin dijital goriintiilerden veya videolardan nasil
bir anlam kazanabilecegiyle ilgilenen disiplinler arasi bilimsel bir alandir. Kisacas1 hedef
tanima yontemi kullanilmaktadir. Bu yontemde bilgisayar renklerin farkliligini algilar, pikseli
adlandirir ve goriintliniin tim boyutunu sunan bir sensor haline getirir. Gri tonlamal1 goriintii
Sekil 1°de yansimakta, her bir piksel rengin yogunluguna gore orantili olarak degisen sayilarda
bir degere sahiptir. Sayisal Goriintiinlin tespiti yazilim programi ile yapilir. Sayisal degerin
tanimlanmasi, piksel cinsinden bir gorilintlinlin tespiti i¢in programlanmis bir yazilim

araciligiyla yapilir [12, 13].

depth

00000
> ~OO000NR) ~ —7

width

height

Sekil 1. ConvNet, noronlart katmanlardan birinde gorsellestirildigi gibi ii¢c boyutta (genislik, yiikseklik,
derinlik) diizenler. ConvNet'in her katmani, 3B girig hacmini noronal aktivasyonlarin 3B ¢ikis hacmine

doniistiirtir.

Pikselden olusan goriintii 6zelikleri, bilgisayarli gorii ile baslayan ilk fonksiyondur. Bu
fonksiyona karakteristik 6zellikler denir. Burada farkli soyutlama seviyeleri renkler, acilar ve
bir goriintiiniin nesneleri ya da bir kisinin &zelliklerini tanimlamaktadir [14]. Bu Ozelliklerin
islevi, goriintiileri siniflandirmak icin s1g odak veya denetimsiz 6grenme gibi araglari kullanir.
Gelistirilen hedeflerin tespitinin ana odak noktasi, Birlikte Evrimsel Sinir Aglar1 (CNN)
destekli bir 6grenme algoritmasi aracilifiyla ¢alisan denetimsiz bir yaklagima dayanmaktadir

[15].
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YOLO

YOLO (You Only Look Once), canlandirict bir sekilde basittir. YOLO tam goriintiilerle
calisarak dogrudan algilama performansini optimize eder. Bu birlesik model, geleneksel nesne
algilama yontemlerine gore bircok faydaya sahiptir. ilk olarak, YOLO son derece hizlidir.
Algilamay1 bir regresyon problemi olarak cergeveledigimizden, karmasik bir boru hattina
ihtiya¢ duymamaktadir. Algilamay1 tahmin etmek i¢in sinir agini, test zamaninda yeni bir

gorlintii lizerinde ¢alistirmaktadir [16].

RetinaNet, iki asamali dedektorlerin (Hizi-RCNN gibi) performansina sahip tek asamali bir
nesne detektoriidiir (SSD ve YOLO gibi).

Mimarisi

YOLOV3 6zellik ¢ikarma islemini gerceklestirmek i¢in yeni bir ag kullanmaktadir. Yeni aglari,
YOLOvV2, Darknet-19’da kullanilan ag ile bu yeni aga baglanmistir [17]. Artik ag 6geleri
arasindaki karma bir yaklagim bulunmaktadir. Ag1 art arda 3 x 3 ve 1 x 1 evrisimli katmanlar
kullanmaktadir, ancak bazi kisa yol baglantilar1 da bulunmaktadir ve 6nemli 6l¢iide daha

biiyliktiir. Bu mimari 53 tane evrisimsel katmandan olusmaktadir. YOLOV3 {in mimarisi Sekil

2’de goziikmektedir.
Tip Filtre Boyutu Cikta
Evrisimsel 32 3x3 256 x 256
Evrisimsel 64 3x3/2 128x 128
Evrisimsel 32 1x1
1x| Evrisimsel 64 3x3
Kalinta 128 x 128
Evrisimsel 128 3x3/2 64x64
Evrisimsel 64 1x1
2x| Evrisimsel 128 3x3
Kalint: 64 x 64
Evrisimsel 256 3x3/2 32x32
Evrisimsel 128 1 x1
8x| Evrisimsel 256 3x3
Kahnt: 32 x 32
Evrisimsel 512 3x3/2 16x 16
Evrisimsel 256 1x1
8x| Evrisimsel 512 3x3
Kahnt: 16 x 16
Evrisimsel 1024 3x3/2 8x8
Evrisimsel 512 1x1
4x| Evrisimsel 1024 3 x3
 Kahnt: 8x8
OrtHavuz Kiiresel
Bash 1000
Softmax
Sekil 2. YOLOv3 mimarisi
SSD

Single Shot MultiBox Detector (SSD), hem algilama dogrulugu hem de algilama hizinda

yiiksek performansa sahiptir. Ana fikri, goriintiiniin farkl1 yerlerinde yogun ve esit bir sekilde
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orneklemektir. SSD, Faster R-CNN'deki c¢apa kavramindan yararlanir [18]. Ornekleme
sirasinda, nesne sinirlayici kutu, farkli 6lgek ve en boy oranlarina sahip 6nsel kutular tarafindan
tahmin edilir, ardindan 6znitelik CNN tarafindan ¢ikarilir ve ardindan dogrudan siiflandirilir

ve geri ¢ekilir. Tiim siire¢ sadece bir adima ihtiyag¢ duyar.

RetinaNet

Giliniimiizde kullanilan son teknoloji {irlinii nesne algilama dedektorleri Faster R- CNN
modelinin popiiler hale getirdigi iki asamali modellerdir. Bu teknolojide ilk asama seyrek bir
aday nesne konumlar kiimesi olusturur ve ikinci asama ise bu aday konumlar1 6n plan
smiflarindan ya da evrisimsel sinir ag1 kullanarak arka plan olarak siniflandirir. Bu modellerin
dogruluk orani yiiksek olmakla birlikte tek asamali dedektdrlere gore oldukca yavastir.
RetinaNet ile yeni bir kayip islevi ekleyerek Faster R-CNN ya da Mask R-CNN niishasi tagiyan
yeni bir dedektor olusturulmustur. Burada tek asamali dedektorlerin yasadigi ana sorun olan
egitim asamasindaki smif dengesizligi iki asamali dedektorlerde aday bolge Onerisiyle
giderilmektedir. Iki asamali nesne algilama dedektorleri belirli sayida aday bélge ile
ilgilenirken tek asamali dedektorler binlerce aday nesne konumunu islemelidir. YOLO ve SSD
gibi tek asamali dedektorlerde gorlintii basina ortalama 104-105 sinif aday konumu
degerlendirilirken yalnizca birkag tanesi nesne icermektedir. Bu durum hem egitimin verimsiz
olmasina hem de modelin iiretken olmamasina neden olur. RetinaNet modeli ile dogru sinifa
olan giiven arttik¢a dlgeklendirme faktoriiniin sifira diistiigii dinamik olarak 6l¢eklenmis bir
capraz entropi kaybi Onerilmistir. Bu Oneriye gore 6l¢eklendirme faktoriine kolay 6rneklerin
katkis1 azaltilirken egitim zor Orneklerin {izerine yogunlasmaktadir. ResNet-101-FPN
omurgasina inga edilen RetinaNet modeli MS COCO test setinde 39.1 dogruluk elde ederek

onceki tiim tek asamali ve iki asamal1 detektorlerden daha iyi performans gostermistir [19].

Sekil 3’de tek asamali nesne tespit dedektdrlerinden olan RetinaNet modelinin yapisi
gosterilmektedir. RetinaNet bir omurga iki alt agdan olusmaktadir. Omurga giris goriintiisiiniin
tamami lizerinde bir evrisimsel Ozellik haritast hesaplamaktan sorumludur. Birinci alt ag
omurganin ¢iktis1 iizerinde evrisimsel nesne smiflandirmasi gerceklestirir. Ikinci alt ag ise

evrisimsel sinirlayict kutu regresyonu gerceklestirir.
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Sekil 3. RetinaNet modelinin mimarisi [19].

Diger modellerle son performans degerlendirmesine gére RetinaNet modeli, %39,1 ortalama
basar1 orani elde ederken DSSD513 tek asamali nesne tespit dedektorii %33,2 ve Faster R-CNN

iki agamali nesne tespit dedektorli %36,8 ortalama basar1 oran1 elde etmistir [19].

Veri Seti

YOLOW3 veri seti olarak COCO veri kiimesini kullanmaktadir. COCO, igerikte Ortak Nesneleri
(Common Objects in Context) temsil etmektedir. Adindan da anlasildig: iizere, COCO veri
kiimesindeki goriintiiler gilinliik sahnelerden alinmaktadir ve bu sayede sahnelerde yakalanan
nesnelere “baglam” eklenebilmektedir [20]. Bunu agiklamak i¢in bir benzetme
yapilabilmektedir. Bir goriintiideki bir kisi nesnesinin tespit edilmek istendigi varsayilmistir.
Baglamsal olmayan, yalitilmig bir goriintii, bir kisinin yakin bir fotografi olmaktadir. Fotografa
bakildiginda, bunun sadece bir kisinin imaji1 oldugu sdylenebilmektedir. Bununla birlikte,
sadece kisinin degil, ayn1 zamanda stiidyonun veya g¢evredeki sahneyi de c¢eken baska

tamamlayici goriintiiler olmadan fotografin ¢ekildigi ortami tanimlamak zor olmaktadir [21].

Lidar Sistemi

Glinlimiizde maliyet olduk¢a 6nemli bir husus olarak karsimiza ¢ikmakta ve en uygun maliyetli
[HA ve goriintii algilayicilar tercih edilmektedir. Otonom sistemleri ile donatilmis teknolojik
olarak gelismis tam otomatik (otonom) IHA tiirlerinden ziyade daha basit ve temel ihtiyaclari
karsilayan yari-otomatik kontrollii araglar da fotogrametrik veriler saglamaktadir. S6z konusu
Insansiz Hava Araglarin kapali alan ¢alismalarinda kullanimi da hizla artmaktadir [22]. Bu artist
hizlandiran, LiDAR (Laser Imaging Detection and Ranging) benzeri 3B nokta bulutlarinin

iiretiminde kullanilan “Structure-from-Motion” (SfM) tekniginin etkisi biiytliktiir. Hassas 6l¢lim
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sonuglarinin elde edildigi LiDAR benzeri 3B nokta bulutu iiretilebilmekte olup farkli

caligmalarda (orman, jeoloji, arkeoloji, tarim gibi) sayisal veriler liretilmektedir.

IHA destekli SfM ile gergeklestirilen calismalardan iiretilen verilere ait dogruluklar farkli
olabilmektedir. SfM algoritmasi ile ¢aligan birgok ticari ve agik kaynak kodlu yazilimin ortaya
koydugu sonuglara ait hassasiyet ve performans ¢ok biiyiik farkliliklar géstermemektedir [23].
Ancak kullanilan hava platformu, sensor ve ugus planinin olusturulmasi farkli dogrulukta veri
iiretimine neden olmaktadir. Caligsma hassasiyetinde etkili olan tasiyici platformun 6zelligine
ek olarak ucus yiiksekligi, fotograf bindirme orani ve cevresel faktorlerde etkili olmaktadir.
Genel hatlari ile veri iiretim asamalari bilinen bir uygulama olan IHA destekli SfM ¢alismalarin

belirli bir standartta olmas1 gerekmektedir.

Tarama Eslestirme le Yerellestirme

Lokalizasyon, hibrit bir LIDAR/Atalet Odometri algoritmasi (L/I-O) ile gerceklestirilir. Bu,
ucan ara¢ pozunun, bir 2D LIDAR tarafindan saglanan iki ardisik taramanin bir tarama
eslestirme yaklasimi vasitasiyla tekrar tekrar kaydedilmesiyle elde edilen konum bilgisi ile bir
IMU'dan gelen durum bilgisinin entegre edilmesiyle izlendigi anlamina gelir. Tabii ki, odometri
kavramiyla uyumlu olmasi i¢cin MAV'nin ilk pozunun ydriingenin baslangicinda tam olarak
bilinmesi gerekir [24]. Genel olarak konusursak, 2B tarama eslestirmesi, poz arama alaninda
en uygun dondiirme ve g¢eviri, yani en iyi hizalamay1 saglayanlar i¢in bakarak iki 2B veri setini
(yani bir referans tarama ve bir gecerli tarama) kaydetme sorunudur. Bilerek tanimlanmis bir
hata fonksiyonunu en aza indirerek [25]. Tipik olarak, referans taramasi aracin hareket ettigi
ortami temsil eder ve dnceden olusturulmus bir harita veya dnceki bir tarama olabilir, mevcut

tarama ise ilgili zamanda mevcut menzil sensorii tarafindan saglanan 6l¢iim veri setidir.

L/I-O algoritmasi, konumu dogrudan bir IMU'dan yiiksek frekansta (yaklagik 90 Hz) ¢ikarirken,
konum, noktadan noktaya tarama eslestirmesine dayali bir LIDAR odometri teknigi
kullanilarak daha diisiik frekansta (36 Hz'e kadar) algoritma tahmin edilir. Bu sistem mimarisini

tanimlayan bir blok diyagram Sekil 4’te verilmistir.
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up to 36 Hz

up to 36 Hz LIDAR
LIDAR ODOMETRY

Sekil 4. Yerellestirme igin sistem mimarisini a¢iklayan blok diyagram.

Tarama eslestirme algoritmasi asagida ayrintili olarak agiklanmaktadir. tk ve tk+1, iki LIDAR
taramasinin elde edildigi iki ardigik zaman ani olsun ve PLRF(tk) ve PLRF(tk+1) LRF'de
karsilik gelen nokta bulutlari olsun. ilk olarak, bu nokta bulutlarin1 LRF'den, MAV'nin mevcut
konumunda orijin ile ENU'ya hizalanmis (ve dolayisiyla LRF orijini ile ¢akisik) yeni bir
cergeve olan Arac Referans Cercevesine (VRF) doniistiirmek icin bir koordinat doniistimii
uygulanir. Bu (1)'de gosterildigi gibi yapilir.

VRF

gl'RI’ ([k-l)z R

=VRFtoLRF

T o LRF
ilkl-‘m[_kl-' (7i:B-ay) B (1) (1)
T . LRF
(}/k-l*ﬂk-l’ak*l)l P (t.)

Burada RVRFtoLRF, VRF'ye gore LRF'nin tutumunu temsil eden rotasyon matrisidir. Tkinci
olarak, PVRF (tk+1), yani mevcut taramay1 PVRF (tk), yani referans taramaya hizalamak icin
gerekli dondiirme ve ¢evirmenin en iyi tahminini bulmak i¢in ICP algoritmasinin 6zellestirilmis
bir versiyonu uygulanir. Spesifik olarak, algoritma, ¢iktida, tk'den tk+1'e kadar olan zaman
araliginda meydana gelen iki VRF arasindaki Euler agilarinin (a,b,c) ve konum vektoriiniin (T)

varyasyonunun bir tahminini saglar.

Sonug¢

Kapal1 alanda otonom hareket edebilen IHA’da LIDAR sistemi ve Goriintii isleme algoritmalar1
kullanilacaktir. Bina igerisinde ¢ikis yolu komut almadan bulabilmektedir aksi takdirde ilk
koordinasyona geri donebilmektedir. Bu yontem i¢in YOLO kiitiiphanesinde ger¢cek zamanli
nesne tespiti yapilmaktadir. Detayli bilgiler yontemler kisminda verilmistir. Bu arastirma kapali
alanda GPS kullanmaksizin tamamen otonom hareket edebilen ve nesneyi tespit edebilen

Insansiz Hava Araci diger calismalardan farklilastiran dzgiin degere sahiptir. Bu calismanin
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ciktilarinin bilimsel degerlerinin olmasi i¢in bilimsel konferanslara gonderilmesi ve sozlii
sunumlarinin yapilmast planlanmaktadir. Ayrica sonucglar beklenen basarty1 verdigi taktirde
calismanin alaninda iyi bilimsel dergilere degerlendirilmek {izere gdnderilmesi

planlanmaktadir.

Bu makale kapsaminda yeni teknoloji uygulamalari kullanilmaktadir. Bilisim ¢aginda Insansiz
Hava Araclar1 (IHA) kullanim alanlar1 genis bir sektor haline gelmektedir. Bugiinlerde IHA
dogal afet, tarim, yangin sondiirme sektorlerinde faaliyet gostermektedir. Bu tirlinler kapali
alanda GPS navigasyonu bulunmadig1 yerde otonom hareket edebilmektedir. Deprem sonrast
arama/kesif alaninda da bu iiriin kullanilabilmektedir. Derin Ogrenme algoritmalari
kullanilarak hata oraninin en diisiik hale getirilmesi saglanabilmektedir. Bdylece nesne
tespitinde dogruluk orani yaklasik olarak %97,65 gibi yiiksek bir orana ulasabilmektedir.
Modelin siniflandirilmasina gore dogruluk orani daha fazla yiikselebilmektedir. Buna ek olarak
yangin sondiirme sektdriinde bu {iriin iyi bir rol oynamaktadir. Mal/esya/iiriin tagima, hayvan
ve insan kaynaklarinin arama kurtarma faaliyetlerinde de IHA’lar énemli roller oynamaktadir.
Kapal1 alanlarda polis ve askerler gorev basindayken karsilasilabilecek zararlarin minimize

edilebilmesi i¢in bu triinler kullanabilmektedir.

Bu arasgtirma ilgili alanda bir potansiyel baslangic adimi olusturacaktir. Sadece bilimsel
aragtirmalarla kalmayip projenin prototip ¢iktisinin da elde edilmesi saglanacaktir. Kapali
alanda yapilan bu proje siireci ayni sekilde acik alanlar i¢inde bir domino etkisi yapabilecektir.

Bunun yaninda lisans egitimi sonrasi lisansiistii egitim i¢inde bir motivasyon saglanacaktir.
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