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Abstract

The constantly rising energy prices, decreasing fossil resources and the consequent environmental problems, have led to an increased
interest towards alternative energy resources. It is both eco-friendly and cheaper when compared to other energy resources, therefore
biogas energy is among the top alternative energy resources to be chosen. Biogas is highly important in rural areas, because it is being
used as an energy resource as well as a fertilizer resource. In this research, the production potential of biogas from animal waste in
Yozgat province and its districts has been defined. Biogas from animal waste has become one of the important renewable energy
resources. In addition, the production potential of biogas from animal waste in Central Anatolia Region and Turkey in general has also
been determined and comparisons have been made. When 2012 data are taken into account, the province of Yozgat has a potential of
45.070 million m® biogas potential from animal waste. With 6.546 million m* biogas, the Central district is placed first, while with 6.521
million m*, Akdagmadeni district is in second, and with 5.166 million m?, Sorgun district is in third place. Yozgat’s animal waste biogas
energy potential makes up 7.024% of Central Anatolia Region, and 1.266% of Turkey.
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Tirkiye Hayvansal Atik Kaynakh Biyogaz Potansiyelinin
Belirlenmesi: Yozgat Ili icin Ornek Calisma

Ozet

Stirekli artan enerji fiyatlari, azalan fosil kaynaklar ve bunlarin gerceklestirdigi cevresel sorunlar nedeniyle diinyada alternatif enerji
kaynaklarma olan ilgi her gegen giin artmaktadir. Biyogaz enerjisi hem ¢evreci hem de diger enerji kaynaklarina gore daha ucuz olmasi
nedeniyle tercih edilmesi gereken alternatif enerji kaynaklari arasindadir. Kirsal alanlarda biyogaz, hem enerji kaynagi hem de giibre
kaynagi olarak kullanimindan dolay1 6nem tasimaktadir. Bu ¢alismada giiniimiizde 6nemli yenilenebilir enerji kaynaklarindan biri olan
hayvansal atik kaynakli biyogazin Yozgat ili ve ilgelerindeki iiretim potansiyeli belirlenmistir. Ayrica; i¢ Anadolu Bolgesi ve Tiirkiye
genelindeki hayvansal atik kaynakli biyogaz iiretim potansiyeli de belirlenerek karsilastirmalar yapilmigtir. 2012 verileri dikkate
alindiginda Yozgat ili 45.070 milyon m* degerinde hayvansal atik kaynakli biyogaz potansiyeline sahiptir. 6.546 milyon m® biyogaz ile
Merkez ilge ilk siray1 alirken 6.521 milyon m® ile Akdagmadeni ilgesi ikinci, 5,166 milyon m® ile Sorgun ilgesi {igiincii siray1 almaktadir.
Yozgat ilinin hayvansal atik kaynakli biyogaz enerjisi potansiyeli i¢ Anadolu bdlgesinin %7.024 iinii, Tiirkiye nin ise %1.266’sm1
olusturmaktadir.

Key Words: Biyogaz, i¢ Anadolu Bolgesi, Yozgat, Tiirkiye.

wastes in an airless (anaerobic) environment. Biogas is a color-
free, odorless, and lighter than air gas with a density rate of 0.83

1. Introduction

With the world population growing fast, the existing
resources are constantly decreasing. Most of these resources are
limited, and in order to keep them at the service of humanity for
a longer period of time, these need to be used appropriately,
renewed, or replaced by new resources [1]. In recent years, the
usage of hydraulic, solar, geo-thermal and wind based energy
production became common and energy production by direct
burning from bio-mass has become widespread [2, 3]. However,
resources biogas production in an oxygen-free environment from
vegetative and animal resources, which are defined as bio-mass
renewable energy, is almost non-existent [2]. Biogas is methane
gas which is formed after fermentation of energy plants, organic
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against air and has an octane rating of 110. It burns with a bright
blue colored flame, and consists of 40-70% methane (CHy), 30-
60% carbon-dioxide (CO;), 0-3% hydrogen sulphur and low
amounts of nitrogen and hydrogen [3-5]. Being an eco-friendly
gas, biogas can replace natural gas, one of the fossil fuels,
contributes to the reduction of greenhouse gas in atmosphere. In
Table 1, natural gas and biogas compounds have been given. As it
can be understood from Table 1, methane and carbon-dioxide are
the main components of biogas. Methane content within natural
gas is 92% in volume, while in biogas; it is 55-70%. However,
carbon-dioxide amount within natural gas is 0.61% in volume
(almost non-existent), but within biogas, it is about 35-45% [6].
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Tablel. Composition of natural gas and biogas [6]

Parameters Units Natural-gas Biogas
Methane % in vol. 92 55-70
Ethane " 5.1 0
Propane " 1.8 0
Butane " 0.9 0
Pentane " 0.3 0
CO, " 0.61 35-45
Nitrogen gas " 0.32 0-2
H,S mg m 1 0-15.000
NH; " 0 0-450
Water dew point °C Dew point at -5 Saturated
Net Comb. Heat MIJ kg'! 48.4 20.2
Density kg Nm 0.809 1.16
Rel. Density ) 0.625 0.863
Wobbe Index (W) MJ Nm3 54.8 27.3

As it is known, being released to the atmosphere by the
burning of fossil fuels, CO> is one of the most important elements
effecting global warming (global climate change). Producing
biogas also releases CO> into the atmosphere. However, this
amount is only as much as the CO, amount absorbed by the plants
from the atmosphere [7, 8]. The remaining products following
biogas production are named fertilizers. Nitrogen, phosphorus
and potassium, which are found within organic matters and
needed by plants, are preserved inside the fertilizer and this
product can be used as agricultural fertilizer [9]. When the
remaining organic matters, following biogas production are used
as fertilizer, serious increases will be observed in product fertility,
thus, biogas production must be considered not only for energy
value, but also for its contribution to the environment. During this
production, many harmful microorganisms are terminated by
fermentation, and also, the fertilizer odor is also eliminated [10].

In this study, the production potential of biogas from animal
waste in Yozgat province and districts has been defined, as this
form of energy has become one of the important renewable energy
resources. In addition; the production potential of biogas from
animal waste in Central Anatolia Region and in Turkey in general
has also been defined and comparisons have been made.
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2. Materials and Methods

Within the scope of this study, Turkish Statistical Institute’s
(TUIK) [11] 2012 animal statistic data has been used as material.
The amount of fertilizer acquired from the animals can vary,
depending on the type of the animal. In order to determine the
animal waste potential, 3.6 ton/year has been taken as a basis for
abovine, 0.7 ton/year for an ovine and 0.022 ton/year for a poultry
animal [1, 12]. The biogas amount produced from a ton of usable
fertilizer is deemed to be 33 m> for bovine, 58 m> for ovine and
78 m® for poultry [1, 13, 14]. In addition to these, the heat amount
produced by 1 m* of biogas is equal to 0.63 liter of gas oil, 3.47
kg wood, 0.43 kg LPG, 4.7 kWh electric and 0.8 liter gasoline
[15].

The land area of Yozgat is 1412300 hectares and in terms of
land size, the province is ranked 15" in Turkey. Yozgat covers
1.82% of the total land area of Turkey [16]. Looking at Table 2,
we see that in the province of Yozgat, there are a total of 1361535
animals. These animals consist of 57% poultry, 25% ovine and the
remaining 18% is bovine animal. When we look at it on the basis
of districts, the total animal existence is distributed by 24% in
Sorgun district, 20% in Central district and 14% in Akdagmadeni
(Figure 1).
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Table 2.Yozgat province and districts’ animal existence (Pcs) [11]

Districts Bovine Ovine Poultry Total
Central 35468 49420 190180 275068
Akdagmadeni 45912 21180 120950 188042
Aydincik 8000 6510 8060 22570
Bogazliyan 10785 87100 37256 135141
Candir 1148 5744 2323 9215
Cayrralan 9070 14540 6079 29689
Cekerek 35155 17898 4200 57253
Kadisehri 19843 10918 19280 50041
Saraykent 13797 4910 15523 34230
Sarikaya 19840 21214 20020 61074
Sorgun 32662 20316 269122 322100
Sefaatli 8008 21290 12096 41394
Yenifakili 2965 14680 10162 27807
Yerkoy 10264 41724 55923 107911
Total 252917 337444 771174 1361535
Yenifakili
Sefaatli 2

3%
8%

Sarikaya
4%

Kadisehri
4%

Saraykent
2%

. Yerkoy

Cekerek  Cayiralan

|
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4% 2%

Figure 1.Animal existence distribution per district

Taking the animal existence amounts into
consideration, Yozgat’s animal waste potential and
producible biogas amount have been given in Table 3.
As it can also be seen in Table 3, animal waste potential
in Yozgat is 1.163 million ton/year, and the total biogas

www.ejosat.com ISSN:2148-2683

amount that can be produced is 45.070 million m? /
year. If we were to evaluate it per district, the Central
district is first with 15%, Akdagmadeni is second with
14%, and Bogazliyan, Cekerek and Sorgun are third
with 11%.

108



European Journal of Science and Technology

Table 3.Animal waste potential and producible biogas amounts in Yozgat province and districts [11]

Districts Animal Waste Potential (ton/year) Biogas Production Amount (m?)
Central 166462 6546399
Akdagmadeni 182770 6521803
Aydincik 33534 1228536
Bogazliyan 100615 4881449
Candir 8204 373575
Cayiralan 42963 1678271
Cekerek 139179 4910280
Kadisehri 79501 2833703
Saraykent 53447 1865067
Sarikaya 86714 3252634
Sorgun 137725 5166888
Sefaatli 43997 1836481
Yenifakili 21173 965687
Yerkoy 67387 3009321
Total 1163677 45070100
Yenifakili
Sefaatli 2%

4%

Aydincik

Saraykent
4%

Bogazliyan
11%

Ceke(:)rek Cayiralan Candir
11% 4% 1%

Figure 2.Biogas Production Potential per District in Yozgat Province

In the province of Yozgat, it is possible to produce an annual ~ million kWh electricity energy. The comparison of the potential
total of 45.070 million m* biogas energy, and the equivalent of  biogas in Yozgat province compared to other fuels has been given
this amount in other energy resources has been given in Table 3.  in Table 4.

As it can be seen from this table, biogas production potential from
animal waste in Yozgat in total are approximately equal to 36.056
million litre gasolines, 19.38 million kilogram LPG, and 211.829
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Table 4.The equivalent of the producible biogas in Yozgat to other fuels [11]

Districts Gas oil (L) Wood (Ton) LPG (Kg) Gasoline (L) Electricity (kWh)
Central 4124231 22176005 2814951 5237119 30768076
Akdagmadeni 4108736 22630659 2804375 5217443 30652477
Aydincik 773978 4263023 528270 982829 5774123
Bogazliyan 3075313 16938629 2099023 3905159 22942811
Candir 235352 1296305 160637 298860 1755802
Cayiralan 1057311 5823602 721656 1342617 7887876
Cekerek 3093476 17038671 2111420 3928224 23078316
Kadisehri 1785233 9832951 1218492 2266962 13318407
Saraykent 1174992 6471782 801978 1492053 8765815
Sarikaya 2049159 11286642 1398632 2602107 15287383
Sorgun 3255139 17929103 2221762 4133510 24284376
Sefaatli 1156983 6372589 789686 1469184 8631461
Yenifakili 608383 3350937 415245 772550 4538733
Yerkoy 1895872 10442345 1294008 2407457 14143810
Total 28394163 156393249 19380143 36056080 211829472

The animal waste biogas production potential of Yozgat  Region, while the province of Yozgat has a share of 1.266%.
Province covers 7.024% of Central Anatolia Region.  Central Anatolia Region’s biogas production potential from
Approximately 18.022% of the production potential of biogas  animal waste has been given in Table 5.
from animal waste in Turkey is covered by the Central Anatolia

Table 5.Animal waste biogas production potential of central Anatolia region [11]

Bovine Ovine Poultry Total Animal Biogas %
Ankara 275805 895906 8323864 9495575 1803157 83423168 2-343
Konya 646816 1918662 10662482 13227960 3906175 173036237 4-860
Kirikkale 65762 146467 743121 955350 355618 15034281 0422
Kayseri 277546 510040 4288270 5075856 1450535 61038760 1714
Sivas 339843 486575 437855 1264273 1573670 60879652 1710
Karaman 52127 485035 1280875 1818037 555360 28083090  0-789
Aksaray 172715 379554 329024 881293 894700 36493039 1:025
Nigde 124475 501065 621511 1247051 812528 36197381 1017
Nevschir 70347 98869 780905 950121 339637 1371337 0-385
Kirschir 101642 109957 420485 632084 452131 17260876 ~ 0-485
Eskisehir 118881 603963 5621913 6344757 974427 48291163 1-356
Cankiri 134283 110196 1579760 1824239 595310 23137646 0-650
Yozgat 252917 337444 771174 1361535 1163677 45070100 1.266
Central 2633159 6583733 35861239 45078131 14876932 641656735 18.022
Turkey 14022347 35782519 257505341 307310207 81193330 3560504260 100
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3. Conclusion

In recent years, biogas technology made it possible to process
wastes which cause environmental problems, and make them
harmless, while producing energy. This technology is highly
important in terms of producing alternative energy. Even though
there is an animal waste potential to be utilized in Turkey, it is not
being benefited as well as it should be. There is an 81.2 million
tonnes of animal waste potential in Turkey. Using this potential is
likely to result in a great input in economic terms. In this study,
the animal existence figures have been taken as a basis, and an
attempt was made to define the production potential of biogas
from animal waste in the province of Yozgat, Central Anatolia
Region, and Turkey. Within the province of Yozgat, the total
amount of animals is 1.361 million, and the total biogas amount
that can be produced from the excrement of these animals is
45.070 million m®. Looking at the districts, we see that the central
district is first with 6.546 million m3. The central district is
followed by 6.521 million m? in Akdagmadeni, and 5.166 million
m® in Sorgun districts. In addition, Central Anatolia Region’s
biogas production amount from animal waste makes up 18.22%
of Turkey. Yozgat on the other hand, makes up 7.024% of Central
Anatolia Region, and 1.266% of Turkey. When we evaluate these
rates, we can see that Yozgat’s animal waste sourced biogas
production potential is an issue worth examining. The possible
amount of biogas that can be produced in Yozgat is approximately
equal to 28.394 million liter gas oil, 156393249 kg wood,
19380143 kg LPG, 36056080 liter gasolines and 211829472 kWh
electric energy. These values show that biogas is an alternative
resource of energy resource which can meet the energy needs of
the region and the province of Yozgat, but it is not being used.
Another important benefit to be provided by the biogas production
in Yozgat province and districts is the positive effect of biogas
production on the environment and the fertilizer which is brought
into a usable form. The province of Yozgat and the surrounding
towns have an economy dependent on agriculture, and this
production will meet the fertilizer needs of the region. All these
findings need to be analyzed and before it is too late, biogas
potential from animal waste in Yozgat province and districts needs
to be benefited from.
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Abstract

Instant messaging applications has already taken the place of traditional Short Messaging Service (SMS) and Multimedia Messaging
Service (MMS) due to their popularity and usage easement they provide. Users of instant messaging applications are able to send both
text and audio messages, different types of attachments such as photos, videos, and contact information to their contacts in real time.
Because of instant messaging applications use internet instead of Short Message Service Technical Realization (GSM), they are free to
use and they only require internet connection which is the most common way of communication today. The critical point here is
providing privacy of these messages in order to prevent any vulnerable points for hackers and cyber criminals. According to the latest
research by PricewaterhouseCoopers, percentage of global cyber attacks is increased to 48% with 42.8 million detected incidents.
Another report that is published by security company Postini indicates that 90% of instant messaging targeted threats are highly
destructive worms. In this study, instant messaging applications encryption methods are comparatively presented. Instant messaging
applications are investigated considering three different target platforms: (1) Desktop clients, (2) web clients, and (3) mobile phone
clients. Instant messaging applications are compared through the critical criteria that most research studies emphasize: (1) Text
conversation over internet, (2) text conversation after encryption, and (3) text conversation after enabling Secure Sockets Layer (SSL).
Finally, authors highlight key requirements of a secure instant messaging application should provide.

Keywords: Instant messaging, digital forensics, message encryption, mobile security

Ozet

Anlik mesajlasma uygulamalari, kolay kullanimlar1 ve popiilaritelerinden dolay1 geleneksel Kisa Mesajlasma Servisi (SMS) ve Coklu
Medya Mesajlasma Servisi (MMS)'in yerini aldi. Anlik mesajlasma uygulama kullanicilari, bu uygulamalar araciligiyla metin, ses
mesajlari, fotograf, video, kisi bilgisi gibi ¢esitli tiirlerdeki ekleri arkadaslariyla gergek zamanli olarak paylasabilmektedir. Anlik
mesajlagsma uygulamalar1 Kisa Mesaj Servisi Teknik Gerceklemesi (GSM) yerine sadece giliniimiizde en ¢ok kullanilan iletisim arac1
olan internete ihtiya¢ duydugundan dolay1 ticretsizdir. Buradaki kritik nokta, siber saldirganlarina ve bilgisayar korsanlarina karsi
herhangi agik nokta birakmamak i¢in bu mesajlarin giivenliginin saglanmasidir. PricewaterhouseCoopers tarafindan yapilan son rapora
gore, 2014 yilinda tespit edilen uluslararas: siber saldirilar sayisi 42.8 milyona ¢ikarak %48'e yiikselmistir. Postini giivenlik sirketi
tarafindan yayinlanan bagka bir rapor ise anlik mesajlasmay1 hedefleyen tehditlerin %90'min oldukga yikict soluncanlar oldugunu
belirtmektedir. Bu g¢alismada, anlik mesajlasma uygulamalarmin sifreleme yontemleri karsilastirmali olarak sunulmustur. Anlik
mesajlasma uygulamalari ii¢ farkli platform géz 6niine alinarak incelenmistir: (1) Masaiistii istemcileri, (2) web istemcileri ve (3) mobil
telefon istemcileri. Anlik mesajlasma uygulamalari, bircok aragtirmada en g¢ok iizerinde durulan kritik kriterler olan (1) internet
iizerinden metin doniisiimil, (2) sifreleme sonras1 metin doniisiimii ve (3) Giivenli Girig Katmani (SSL) kullanildiktan sonra yapilan
metin doniisiimiine gore karsilastirilmistir. Son olarak yazarlar, giivenli bir mesajlasma uygulamasinda bulunmasi gereken kritik
gereksinimleri vurgulamustir.

Anahtar Kelimeler: Anlik mesajlasma, adli bilisim, mesaj sifreleme, mobil giivenlik

. internet connection, (2) there is no restriction on the length or the
1. Introduction number of messages, (3) they automatically import contacts on
mobile phone or another service they support, and (4) they
provide users to create richer profiles. Instant messaging
applications always top download lists for different platforms. For
example, WhatsApp! —a cross-platform instant messaging
application acquired by Facebook? - is currently (January 2015)
the most popular third application on Google Play Store® — the

Instant messaging applications let users to send both text and
audio messages, different types of attachments such as photos,
videos and contact information in real time. Most of instant
messaging applications provide two types of communication: (1)
peer-to-peer, (2) group chat. Advantages of instant messaging
applications can be listed as: (1) They are free and just require

*  Abdullah Talha Kabakus, E-posta: talha.kabakus@ibu.edu.tr, Tel.: 0374 254 10 00 / 1807, Fax: 0374 253 45 26
L http://www.whatsapp.com
https://www.facebook.com
https://play.google.com/store
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official application market for Android. According to the recent
report of Technoduce*, WhatsApp is the most popular instant
messaging application with 450 million active monthly users
(“Infographic Top 10 Most Popular Instant Messaging Apps In
The World,” 2014). Similarly, Facebook Messenger — official
messenger application of Facebook - is the most popular second
application on Google Play Store with more than 500 million
downloads as January 2015. The key reason behind this
popularity is that instant messaging applications use internet
instead of Short Message Service Technical Realization (GSM),
they are free to use and they only require internet connection
which is the most common way of communication today.
According to the latest research by PricewaterhouseCoopers
(“Global Information Security Survey: 2015 Results by Industry,”
2015), average of global cyber attacks is increased to 48% with
42.8 million detected incidents. According to a recent report by
security company Postini® (“Instant messaging targeted for
malicious worm attack,” 2006), instant messaging threats are
increased by 1700% in 2005 and 90% of these threats are highly
destructive worms. According to Sanchez J. (Sanchez, 2014),
most of these highly-popular instant messaging applications
including WhatsApp have some known vulnerabilities.

Yusof and Abidin (Yusof and Abidin, 2011) propose a secure
model for instant messaging by adding additional “secure model”
and apply a hash algorithm to encrypt the path between
transceiver and routing modules as it is shown in Fig. 1.

_CHAT MODULE

SHA (gnm ption & Decryption)

TRANSCEIVER MODULE

Recipient

SECUREMODULE

Destination
(Based on IP address)

ROUTING MODULE

Fig. 1. Proposed instant messaging secure model by Yusof and
Abidin (Yusof and Abidin, 2011)

Bodriagov and Buchegger (Bodriagov and Buchegger, 2011)
propose a new approach that combines asymmetric and
symmetric cryptography methods to encrypt the communication
channel. The proposed method does not have sufficient efficiency
and functionality for peer-to-peer social networks.

The paper is structured as follows: In section 2, encryption
tools that are used by different encryption methods are presented.
In section 3, instant messaging applications encryption methods
are presented. Section 4 presents results and discussion. Finally,
section 5 concludes the paper.

2. Encryption Tools

In this section, encryption tools such as Simp, DB Browser
for SQLite that are commonly used by different encryption
methods are presented.

4
5
6

http://www.technoduce.com
http://postini-solutions.com
https://www.secway. fr
www.ejosat.com ISSN:2148-2683

2.1. Simp

Simp® secures popular instant messengers such as Google
Talk, Yahoo, ICQ, AIM, MSN Messenger by encrypting text
messages and file transfers (“Secway,” n.d.). Simp can also
encrypt instant messages before they leave the client (“Secway,”
n.d.). Simp's configuration wizard user interface to select instant
messaging applications is presented in Fig. 2. Symmetrical
algorithms provided by Simp to encrypt messages can be listed as
(Barghuthi and Said, 2013):

AES (128 bits)

3DES (Triple DES, 128 bits)
CAST (128 bits)

Twofish (128 bits)

Serpent (128 bits)

Simp provides asymmetrical algorithms for authentication
and key agreement such as (Barghuthi and Said, 2013):

RSA (2048 or 4096 bits)
Diffie-Hellman
ElGamal/DSA

Elliptic curves

Fig. 2. Simp's configuration wizard user interface

Simp encrypts private keys with a password and a
symmetrical algorithm. Hence, the private key is not accessible
even the data is stolen (“Secway,” n.d.).

2.2. DB Browser for SQLite

DB Browser for SQLite” is an open-source cross-platform
tool to create, design and edit database files compatible with
SQLite® (“DB Browser for SQLite,” n.d.). SQLite is a powerful,
embedded relational database management system in a compact
C library (Owens, 2003). SQLite databases are commonly used
by mobile applications to store their artifacts such as message
content, contact list (Anglano, 2014; Mahajan et al., 2013). DB
Browser for SQLite graphical user interface is shown in Fig. 3.

http://sqlitebrowser.org

8 http://www.sqlite.org
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Fig. 3. DB Browser for SQLite graphical user interface (“DB Browser for SQLite,” n.d).

2.3. Wireshark

Wireshark® is a multi-platform, open-source network protocol
analyzer that captures, analyzes, and filters network traffic
(Kendall, 2007). Wireshark provides a graphical user interface to
start-stop packet capturing and analyze captured packets as it is
shown in Fig. 4. Barghuthi and Said (Barghuthi and Said, 2013)
used Wireshark to analyze instant message encryptions of several
instant messengers.

3. Instant Messaging Encryption Tools &
Methods

In this section, commonly used instant messaging encryption
tools and methods such as secure socket layers, off-the-record
messaging and private browsing are described.

3.1. Secure Sockets Layer (SSL)

Secure Sockets Layer (SSL) is the most widely deployed and
used security protocol on the internet that offers encryption,
source authentication and integrity protection for data exchanged
over insecure, public networks (Gupta et al., 2002). SSL has the
flexibility to accommodate different cryptographic algorithms for
key agreement, encryption and hashing (Gupta et al., 2002). SSL
has two main components:

e Handshake protocol provides negotiation between SSL
client and server in order to authenticate each other and
establish a shared master secret using public-key
cryptographic algorithms (Gupta et al., 2002).

e Record layer formats application protocol messages with
providing a header for each message and a hash that is
generated from Message Authentication Code (MAC)

®  https://www.wireshark.org

www.ejosat.com ISSN:2148-2683

(McKinley, 2003).

SSL handshake process is shown in Fig. 5 and its steps can be
listed as (“The good-to-know’s of SSL and SSL Certificates,”
2009):

e Browser requests a secure session from web server.

e Web server responses this request by sending its
certificate that contains information about the site and
the established connection such as certificate authority,
connection protocol version, and key exchange
mechanism.

e Ifthe browser verifies the certificate, it sends a one-time
session key that is encrypted with server's public key.

e Server decrypts this one-time session key using its
private key.
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Fig. 4. Wireshark graphical user interface

Browser requests a secure session from web
server

=

Web server responses the request by sending server
< .
¥ the browser verifies the cerfificate, & sends a one-
time sessionkey that i encrypled with server's

[ >
Server decrypts this one-time session key using its
private key

< )

Fig. 5. SSL handshake process

3.2. Off-the-Record (OTR) Messaging

Off-the-record (OTR) messaging is a software that provides
private conversations over instant messaging with providing
encryption, authentication, perfect forward secrecy, deniability
and integrity (Bonneau and Morrison, n.d.; Goldberg, 2006). OTR
uses a combination of AES symmetric-key algorithm with 128
bits key length, the Diffie-Hellman key exchange with 1536 bits
group size, and the SHA-1 hash function (“Off-the-Record
Messsaging,” 2014).

SHE

_HININSULLIM {9 _S3833 LieeR
Transaction ID OxbfS1lded

- Transaction ID S8x575114ed

80 Who has 10,251,196 2277 Tell 10.251.196.1
S0 Who has 19,194 143,1447 Tell 10.194.344.1

Tramaction 10 OxES60u7d

Transaction 1D 8x656d7d

Profie: Def sl

3.3. Private Browsing

Private browsing keeps the entire browsing session private by
not recording your history of pages visited, by blocking all
cookies and temporary internet files that visited websites use
(Harvell, 2013; Schneider et al., 2009; Schneider and Evans,
2012). In addition to this, private browsing blocks all installed
third-party extensions by default. All modern web browsers such
as Google Chrome, Mozilla Firefox, Apple Safari, Opera, and
Microsoft Internet Explorer support private browsing. Authors
recommend to use web-based instant messaging applications in
private browsing mode.

4. Results and Discussion

Instant messengers' encryption methods differ through
installed devices. Barghuthi and Said (Barghuthi and Said, 2013)
compares instant messaging encrypting methods for three
different platforms: (1) Personal computers (PC), (2) web clients,
(3) mobile devices. Instant messengers' encryption methods are
compared through text conversations. Table 1 presents instant
messengers' encryption methods comparisons for PC and Table 2
presents instant messengers' encryption methods comparisons for
mobile.

Table 1. Comparison of instant messengers' encryptions for PC (Barghuthi and Said, 2013)

Messenger Text conversation sent over

internet
Skype Encrypted message
Facebook Web Plain text -
Messenger
Gmail Web Messenger  Encrypted message -
Yahoo Web Messenger Encrypted message

Text conversation after
encryption

Text conversation after
enabling SSL

Encrypted message -

Encrypted message

Encrypted message

Encrypted message -

www.ejosat.com ISSN:2148-2683
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Messenger Text conversation sent over Text conversation after Text conversation after
internet encryption enabling SSL

eBuddy Web Plain text - Plain text

Messenger

Google Talk Web Plain text - Encrypted message

Messenger

Table 2. Comparison of instant messengers' encryptions for mobile (Barghuthi and Said, 2013)

Messenger Text conversation sent over
internet

Skype Encrypted message -

Facebook Web Plain text -

Messenger

Gmail Web Messenger  Plain text -

Yahoo Web Messenger Encrypted message

eBuddy Web Plain text -
Messenger
Google Talk Web Plain text -
Messenger

Text conversation after
encryption

Encrypted message

Text conversation after
enabling SSL

Encrypted message
Encrypted message

Encrypted message

5. Conclusion

Security requirements for instant messengers depend the
platform they target. For example, a web-based instant messenger
does not in need to store artifacts. But it is a critical process for
both PC and mobile instant messengers. These requirements can
be combined into a list such as:

e Messages should be sent through SSL protocol

e Web-based instant messengers should service over HTTPS

e If the browser does not support SSL protocol, Virtual Private
Network (VPN) should be used to connect a SSL proxy server

e Web-based instant messengers should be used in private
browsing mode

e Ifinstant messenger does not encrypt messages, an encryption
tool such as Simp must be used for security

References

Anglano, C., 2014. Forensic analysis of WhatsApp Messenger on
Android smartphones. Digit. Investig. 11, 201-213.
doi:10.1016/].diin.2014.04.003.

Barghuthi, N.B. Al, Said, H., 2013. Social Networks IM
Forensics: Encryption Analysis. J. Commun. 8.

Bodriagov, O., Buchegger, S., 2011. Encryption for peer-to-peer
social networks, in: Proceedings - 2011 IEEE International
Conference on Privacy, Security, Risk and Trust and IEEE
International ~ Conference on  Social  Computing,
PASSAT/SocialCom 2011. Pp- 1302-1309.
doi:10.1109/PASSAT/SocialCom.2011.158.

Bonneau, J., Morrison, A., n.d. Finite-State Security Analysis of
OTR Version 2. Analysis 2—6.

DB Browser for SQLite [WWW Document],
http://sqlitebrowser.org (accessed 27.01.15).

Global Information Security Survey: 2015 Results by Industry
[WWW Document], 2015. PricewaterhouseCoopers. URL

nd. URL

www.ejosat.com ISSN:2148-2683

http://www.pwc.com/gx/en/consulting-services/information-
security-survey/index.jhtml (accessed 27.01.15).

Goldberg, 1., 2006. Off-the-Record Messaging.

Gupta, V., Gupta, S., Chang, S., Stebila, D., 2002. Performance
analysis of elliptic curve cryptography for SSL, in: WiSE ’02:
Proceedings of the 1st ACM Workshop on Wireless Security.
pp- 87-94. doi:10.1145/570681.570691.

Harvell, B., 2013. iConnected: Use AirPlay, iCloud, Apps, and
More to Bring Your Apple Devices Together, 1st ed. Wiley.
Infographic Top 10 Most Popular Instant Messaging Apps In The

World [WWW Document], 2014. URL
http://www.infographicscreator.com/2014/08/30/infographic-
top-10-most-popular-instant-messaging-apps-in-the-world/
(accessed 27.01.15).

Instant messaging targeted for malicious worm attack [WWW
Document], 2006. Computer Weekly. URL
http://www.computerweekly.com/feature/Instant-messaging-
targeted-for-malicious-worm-attack (accessed 27.01.15).

Kendall, K., 2007. Practical Malware Analysis, Black Hat
Conference, USA. doi:10.1016/S1353-4858(12)70109-5.

Mahajan, A., Dahiya, M., Sanghvi, H., 2013. Forensic Analysis of
Instant Messenger Applications on Android Devices. Int. J.
Comput. Appl. 68, 38—44. doi:10.5120/11602-6965.

McKinley, H.L., 2003. SSL and TLS: A Beginners Guide,
Information Security.

Off-the-Record Messsaging [WWW Document], 2014. .
Wikipedia. URL  http://en.wikipedia.org/wiki/Off-the-
Record Messaging (accessed 27.01.15).

Owens, M., 2003. Embedding an SQL database with SQLite.
Linux J. 2003, 2.

Sanchez, J., 2014. Malicious Threats, Vulnerabilities and
Defenses in WhatsApp and Mobile Instant Messaging
Platforms.

Schneider, G., Evans, J., Pinard, K.T., 2009. The Internet -
Illustrated, 6th ed. Cengage Learning.

Schneider, G.P., Evans, J., 2012. New Perspectives on the
Internet: Comprehensive, 9th ed. Cengage Learning.

Secway [WWW Document], n.d. URL https://www.secway.fr
(accessed 27.01.15).

116



European Journal of Science and Technology

The good-to-know’s of SSL and SSL Certificates [WWW
Document], 2009. doteasy. URL
http://blog.doteasy.com/2009/06/15/the-good-to-knows-of-
ssl-and-ssl-certificates/ (accessed 27.01.15).

Yusof, M.K., Abidin, A.F.A., 2011. A secure private instant
messenger, in: 17th  Asia-Pacific = Conference on
Communications, APCC 2011. pp- 821-825.
doi:10.1109/APCC.2011.6152921.

www.ejosat.com ISSN:2148-2683

117



European Journal of Science and Technology
Vol. 2, No. 4, pp. 118-122, June 2015
Copyright © 2014 EJOSAT

Research Article

Avrupa Bilim ve Teknoloji Dergisi
Cilt. 2, No. 4, S. 118-122, Haziran 2015
© Telif haklka EJOSAT a aittir

Arastirma Makalesi

R
¥ . 4
www.ejosat.com ISSN:2148-2683

Bir Kirectas1 Ocaginda Sev Stabilitesi Durum Calismalarinin
Degerlendirilmesi
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Ozet

Tagonii (Arakli-Trabzon) kiregtagi ocagi 2005-2007 yillar1 arasinda ii¢ biiyiik dlgekli diizlemsel kaymaya maruz kalmistir. Yenilmelerin
killi tabakalar iizerinde gergeklestigi anlasilmistir. Ocaktaki sevlerin egim agisi ve yliksekliklerinin fazla olmasi, kontrolsiiz
patlatmalarin yapilmasi ve asirt yagis gibi faktorlerin yenilmelere neden oldugu 2004-2015 yillar1 arasinda yapilan ¢aligmalarda
arastirmacilar tarafindan belirtilmistir. Bu makale, kirectasi ocagna yonelik yapilan arastirmalarin degerlendirmesini yaparak gelecek
caligmalara yon vermeyi amaclamaktadir. Bu amaca yonelik olarak farkli arastirmacilarin yaptigi calismalar konularmma gore
simiflandirilmig ve elde edilen bulgular tartigilmigtir. Sonu¢ olarak heyelan sahasinda yeni galigmalara ihtiyag duyuldugu ortaya
¢ikmustir.

Anahtar kelimeler: Sev durayliligi, Diizlemsel kayma, Patlatma, Kil diizlemi

A Review of Slope Stability Case Studies in a Limestone Quarry

Abstract

Tagonil (Arakli-Trabzon) limestone quarry has been exposed to three large-scale planar failures between 2005 and 2007 years. It is
figured out that the failures occurred on clay layers. The factors such as high slope angle and bench height in the quarry, uncontrolled
blasting operations and intense rainfall have been reported to cause failures by studies carried out between 2004 and 2015 years. This
paper is intended to help the scientists for future works by making the assessment of limestone quarry. For this purpose, the studies
performed by different researchers were classified according to their topics, and the results were discussed. Resultantly, it seems that
further studies may be implemented in the landslide area.

Key Words: Slope stability, Planar failure, Blasting, Clay layer

(biyomikritik kiregtasi, killi/kumlu kirectasi, karstik bosluklu ve

1.Giris

Arakli Tagonii kiregtagt ocagi, Tiirkiye ekonomisine dnemli
katkilar saglayan Askale Cimento Fabrikasmnin hammadde
ihtiyacinin yaklasik % 80’ini karsilamaktadir. S6z konusu ocak
sahasinda 2005-2007 yillar1 arasinda, yogun yagistan sonra 3 ayri
diizlemsel kayma/heyelan meydana gelmistir. Olusan kaymanin
sev disina egimli bir kil dolgu {izerinde diizlemsel kayma seklinde
gerceklestigi ve bunun nedenleri olarak ocaktaki iiretim
aynalarmin diizensiz, yiiksekliklerinin ve egiminin bilyiik olmasi,
kontrolsiiz patlatmalarin yapilmasi ve bolgenin asir1 miktarda
yagis almasi gosterilmistir (Ercikd: ve ark., 2006).

Sahada diizlemsel kaymalardan sonra olusan sevlerde
gerilme catlaklar1 meydana gelmistir. Olusan gerilme catlaklari ile
heyelan alani arasinda kalan kaya kiitlesinin de s6z konusu killi
seviye boyunca kayma olasilig1 bulundugundan iiretim agisindan
sevlerin risk i¢erdigi goriilmiistiir. Bu nedenle, ocakta iiretim 2009
yilindan itibaren heyelan sahasinin giiney ve giiney-dogusunda
devam etmistir. Uretim sahasmin yatay uzunlugu yaklasik 400
metre civarinda, diisey derinligi ise 10—70 metre arasinda
degismektedir. Ocakta Kirechane Formasyonuna ait kiregtaslari

www.ejosat.com

makro fosilli kiregtast vb.) bulunmaktadir. Kirectast ocagnda
biiytik 6lgekli diizlemsel kaymalarin meydana gelmesi, birgok
aragtirmacmin caligma alani olarak bu sahayi se¢mesine yol
acmustir (Ergikd1 ve ark., 2004; Cihangir ve ark., 2005; Kesimal
ve ark., 2008; Ceryan ve ark., 2009a; Karaman ve ark., 2013;
Aliyazicioglu ve ark., 2015). Bu ¢aligmanin amaci Arakli Tagonii
kiregtasi ocaginda gegmisten giiniimiize kadar farkli konularda
yapilan ¢alismalar1 degerlendirmek ve ocakta gelecekte yapilacak
caligmalara yon vermektir. Bu amaca yonelik olarak kiregtasi
sahasindaki c¢alismalar farkli smiflara ayrilarak asagida
sunulmustur.

2. Kirectas1 Ocaginda Yapilan Calismalar

2.1. Patlatma kaynakh parametrelerin (ivme, hava
soku vb.) yapilara ve sev durayhlig: iizerine etkisi
Ercikdi ve ark., (2004a) Arakli-Tasonii kalker ocaginda

patlatmadan kaynaklanan yer titresimlerinin ¢evre yapilara olan
etkilerini aragtwrmustir (Sekil 1). Yazarlar, yapilarda olusan
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catlaklarin bilyiikk bir kismmm ocakta daha 6nceden yapilan
kontrolsiiz biiyliik atimlardan; bir kisminin, insa yonteminden
dolay1 atmosferik olaylardan (yagmur ve kar sularmm iyi drene
edilememesi); bir kisminmn ise, yapmmn zamanla tasiyici
ozelliklerini kaybetmesinden dolay1 olustugunu ifade etmislerdir.
Bu baglamda 2003 yilinda kirectasi ocaginda yapilan 31 adet
atimin yersarsintist unsurlart Olgiilerek elde edilen veriler
degerlendirilmistir. Yapilan istatistiksel analizler sonucunda,
maksimum par¢acik hizi (PPV) ile 6lgekli mesafe (SD) arasinda
PPV = 7236.7 SD2%!6 esitligi 0.68 kararhlik katsayisi ile
bulunmustur. Elde edilen genel esitlik kullanilarak bundan sonra
bu bdlgede yapilacak patlatmalar i¢in bir kilavuz gérevi gorecek
bir oOlgekli mesafe tablosu olusturulmus ve patlatmadan
kaynaklanan g¢evresel etkilerin en aza indirilmesi ile patlatma
kosullarinin iyilestirilmesi amaglanmigti. Tim hava soku
kayitlary, giiriiltiden rahatsiz olma seviyesi olan 140 dB
degerinden diisiik ¢ikmistir. Bununla beraber, 31 adet Slgiim
sonuglart sonrasinda, 17 atimmn yer degistirme degerinin,
agtlmamast gercken degerden (0.1 mm) yiksek oldugu
goriilmiistiir. Yazarlar hasar riskini azaltmak icin c¢alisma
sahasinda kontrollii patlatma islemlerinin gergeklestirilmesi
gerektigini ifade etmislerdir.

Kapmus st koge bonuunds
obesys cadak

I dremlarda (dugan gatlak ve
wrvaads wrvy delnibneleni

Halkoeds wva Kopross ve disey
viode ol sarkk

r=a

Sekil 1. Cevredeki yapilarda onceki atimlar sonucu olustugu
diigtiniilen ¢atlaklar (Er¢ikd ve ark., 2004a)

Ergikdi ve ark., (2004b) yer sarsintisi, hava soku ve kaya
firlamas1 gibi baslica ¢evresel sorunlar1 en aza indirmek admna
patlatma kaynakli yer sarsintismin tahminine yonelik yaptiklari
calismada, 2003-2004 yillar1 arasinda yapilan toplam 38 adet
attmin Olglim sonuglarini degerlendirmislerdir. PPV ile SD
arasinda PPV(mm/sn)=13225SD2>5"8 bagmtis1 R?=0.71 kararlihk
katsayisi ile hesaplanmistir (Sekil 2). Maksimum pargacik hizinin
artmastyla birlikte ivme ve yer degistirme degerleri de paralel
olarak artig gostermistir. Yazarlar bazi atimlarin yer degistirme
degerinin asilmamasi gereken degerden (0.1 mm) yiiksek oldugu
ve diistik frekanslarin yer degistirme degerini artirict yonde etki
ettigini belirtmislerdir. Ayrica yazarlara gére maksimum pargacik
hizi uzaklik arttikca diismiis ve gecikme basina kullanilan
patlayict miktarinin azaltilmasi titresimlerin diistiriilmesinde
olumlu sonug vermistir.

100 —
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£
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Sekil 2. Parcacik hizi ve dlgekli mesafe arasindaki iligki (Er¢ikd
ve ark., 2004b)

Cihangir ve ark., (2005) yer sarsintisi, hava soku, kaya
firlamasi, toz ve zehirli gazlar gibi agik ocak patlatmalarinda
ortaya ¢ikan ¢evresel sorunlar1 irdeleme adina yaptiklari
calismada, 2003-2004 yillar1 arasinda yapilan 49 farkli atim
6lgiim sonuglarmi degerlendirmiglerdir. Calisma sonucunda PPV
ve SD degerleri arasmdaki iliski PPV=4104.4xSD*!4% (.62
kararlilik katsayisi ile bulunmustur. Hava soklar1 kayitlar1 en
yiiksek 132.4 dB, en diisiikk 104.9 dB degerlerinde olmustur. Bu
degerler standartlardaki giirtiltiiden rahatsiz olma seviyesi olan
140 dB degerinden diisiiktiir. Dolayisiyla ¢evresel rahatsizlik
olusturmayacagi anlasilmigtir.  Yazarlar, titresim Ol¢iimii
kaydedilen atimlarin ilk 25’ine herhangi bir miidahalede
bulunmamis, 26-31 arasindaki 6 atimda degisik tasarimlar
uygulamis ve elde edilen degerlere gore geri kalan 18 atimu,
gelistirtirdikleri ~ optimum  patlatma  tasarirmma  gore
gerceklestirmiglerdir.

Er¢ikdr ve ark., (2006) Tasgonii kiregtagi ocaginda meydana
gelen heyelan sonrasi geride kalan nihai sevin uzun dénemli
durabilitesini degerlendirmek ve alinmasi gereken tedbirleri
belirlemek icin sev durabilite analizleri yapmiglardir (Sekil 3).
Yazarlar tarafindan yerinde yaptiklar1 incelemeler sonucunda,
olusan kaymanin diizlemsel kayma seklinde gergeklestigini ve
ocaktaki tiretim aynalarmm diizensiz ve dike yakin olmasi,
kontrolsiiz atimlarin  yapilmasi, yeralti suyu seviyesinin

yiiksekligi ve bolgenin asir1 miktarda yagis almast bu kaymanin
nedenleri olarak gdsterilmistir. Kayma sonucu sev gerisinde
olusan gerilme catlaklarmin (Sekil 4) da dikkate alindig:
calismada yazarlar, heyelan sonrasi olusan sevlerin giivenlik
katsayisinin 1.2 limit seviyesinin altinda oldugunu ve bu nedenle
yeni

bolgede olast
koymuslardir.

heyelanlarin  olusabilecegini ortaya

Deikesmsed

Sekil 3. Sevlerin kayma olustuktan sonraki (a) ve yakindan
goriintimii (b) (Ergikdi ve ark., 20006)

F,;‘Tf-r-;h

Sekil 4. Kayma sonucu sev gerisinde olusan gerilme ¢atlaklar
(Er¢ikdi ve ark., 2006)

Kesimal ve ark., (2008) ¢alisma sahasinda patlatma kaynakli
ivmelerin sev durayliligina etkisini limit denge analizleri ile
aragtirmiglardir. Diizlemsel kayma sonrasinda olusan gerilme
catlaklarinin kuru ve suya doygun oldugu durumu patlatma
ivmeleriyle birlikte degerlendirmislerdir. Yazarlar limit denge
analizlerine gore disiik patlatma ivmelerinin sev duraylihigi
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iizerinde pozitif etki yaptigini ifade etmislerdir (Sekil 5). Patlatma
ivmesi 0.2g degerinin iizerinde oldugunda ise sevlerde
yenilmelerin oldugunu ve giivenli sevler i¢in s6z konusu ivmenin
0.1g ve altinda olmasi gerektigini vurgulamislardir. Calisma
sahasinim genel olarak yagisl bir iklime sahip olmasindan dolayi,

bunun sev  durayliligimi  olumsuz olarak etkiledigini

belirtmiglerdir.
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Sekil 5. Giivenlik faktérlerinin kuru (a) ve yagisl durum igin
degisimi (Kesimal ve ark., 2008)

2.2. Kayma diizlemindeki kil
ozelliklerinin arastirilmasi

tabakasinin

Ceryan ve ark.,, (2009a) yaptigi calismada, diizlemsel
yenilmelerin olugtugu kil tabakasinin (15 cm kalinligindaki)
mithendislik 6zelliklerini irdelemistir. Yazarlar, killi tabakalardan
aldiklar1 6rneklerin agirlikca kil yilizdelerini, killerin tiirlerini,
makaslama dayanimlarimni, aktivitelerini, sisme potansiyelini, likit
ve plastik limit degerlerini ve zemin siniflamasini belirlemislerdir.

Ceryan ve ark., (2009b) benzer bir calismada, kirectasi
ocagmmda gelisen 3 farkli diizlemsel kayma tipi yenilmeyi
kolaylagtiran kil igeren tabakanin jeomekanik ve jeofizik
ozelliklerini  aragtrmislardir.  Caligma  sonucunda  killi
seviyelerden alinan Orneklerin yiiksek plastisiteli kil (CH)
grubuna girdigi, ayrica kil igindeki metal kirlilik oranlar1 da
irdelenerek demir oksit orani (%3.6-6.8) degisimine bagli olarak
kil cesitliligi ortaya konulmustur. Yazarlar XRD analizleri
sonucunda s6z konusu kimizi renkli killi seviyeden aldiklari
orneklerdeki kil minerallerinin biiyiik ¢ogunlukla (% 85-90°1)
montmorillonit az miktarda (%10-15’1) illit tiiriinde olduklarimni
belirlenmistir. Tabaka diizlemlerine ait kil dolgulardaki killer ise
kaolinit olarak yazarlar tarafindan belirlenmistir. Kirmiz1 renkli
killi seviyeden alinan 6rnekler “yiiksek plastisiteli kil”, tabaka
diizlemlerindeki kil dolgularindan alinan 6rnekler ise “diisiik
plastisiteli kil” grubuna dahil olmustur. Yazarlar, killi seviyeler ve
dolgu malzemesi i¢in elde edilen indeks ve makaslama dayanim
degerlerini ocaktaki agilacak kaz1 sevlerinin durayliliginin
aragtirilmasinda kullanilabilecegini ifade etmislerdir.

2.3. Kaya malzemesi iizerine yapilan deneysel
calismalar

Karaman ve ark., (2010) kiregtasi ocagindan alinan silindirik
killi kiregtagi numunelerinde ultrasonik P dalga hizi degerlerinin
karot uzunluguna ve su igerigine gore degisimlerini irdelemistir.
Caligmada kullanilan NX (54.7 mm) ¢apli karot 6rneklerinin boy
(L)/cap (D) oranlar1 0.46, 0.91, 1.37, 1.83 ve 2.29 seklinde
olmustur. Yazarlar, kirectast 6rneklerinde numune boyutu arttikca
suya doygun halde kil igeriginden dolay1 drneklerde yumusama
gerceklesebildigini ifade etmiglerdir. Buna bagli olarak suya
doygun durumda 6rnek boyutunun artmasiyla ultrasonik P dalga
hizinin azaldig1 gozlenmistir. Calismada ayrica killi kiregtast
ornekleri i¢in en uygun L/D oram araliginin 1.1<L/D<2 olmasi
gerektigini tavsiye etmislerdir.
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Karaman ve ark., (2011) yaptig1 calismada kirectaslarini i¢sel
ozellikleri, renkleri ve fiziko-mekanik deney sonuglarini dikkate
alarak 4 farkli bélgeye aymrmuslardir. Orneklerin schmidt sertlik,
ultrasonik dalga hizi ve agirlikga su emme yiizde degerlerini
sahanin ayrigma durumunu degerlendirmek i¢in belirlemislerdir.
Bu degerler neticesinde kirectaglarnin ayrigma durumunu
yansitabilen agilik¢a su emme yilizdesine gore bir ayrigma sinifi
ortaya koymuslardir. Kiregtaglarinin ana minerali olan kalsitin
erime proseslerinin de tartisildig1 calismada, kimyasal analizler ve
paleontolojik ince kesitler ile erime ve ayrigma durumlari da
tartigtlmistir. Ayrisma sonucunda kil ve kuvars minerallerinin
arttigt vurgulanmustir. Yapilan deney ve analizler sonucunda
calisilan kayaclar genel olarak taze, az ayrismig ve orta ayrigmis
siiflarina dahil olmustur (Tablo 1).

Tablo 1. Kayaglarin ayrisma durumlar: (Karaman ve ark., 2011)

Schmidt P-dalga hizi Agirlikca su
Zonlar  sertligi (m/s) emme ylizdesi
Zon—1 Az ayrismis Az ayrismig Az ayrismis
Zon—2  Ayrismamis Az ayrismis  Ayrigmamis (taze)
(taze)
Zon—3 Orta derece Orta Orta ayrigmis
ayrismis ayrismis
Zon—4 Az ayrismis Az ayrismig Az ayrigmig

Ceryan ve ark., (2012) kiregtasi ocagma ait kayaglarin tek
eksenli basing dayanimini (UCS) tahmin etmede genellestirilmis
regresyon sinir ag1 (GRSA) modelinin gelistirilmesini
amaclamiglardir. Bu kapsamda, kayaclarm toplam ve efektif
porozitesi, suda dagilma dayanim indeksi ve P dalga hizi
parametreleri kullanilmistir. Farkli lineer regresyon analizlerin
combinasyonu neticesinde bir tahmin modeli gelistirilerek, GRSA
olusturulmustur. Calismada yazarlar UCS tahmininde alternatif
bir yapay sinir ag1 kullanmislardir. Ceryan ve ark., (2013) ise
yukaridaki g¢alismaya ilave olarak mineralojik 6zellikleri de
modele katarak UCS degerlerini tahmin etmeye ¢alismiglardir.

2.4. Yeni iiretim sahasi ile ilgili yapilan calismalar

Diizlemsel kaymalar sonrasinda olusan sevlerin arkasinda
gerilme catlaklarinin olmasi, kil diizlemlerinin mevcudiyetini
korumasi gibi nedenlerle heyalan sahasinda iiretim yapilamaz
duruma gelmigstir (Sekil 6). Bu nedenle heyelan sahasmin giiney
ve glineydogusunda iiretim baslamistir. Karaman ve ark., (2013)
heyelan sahasinin karsisinda 2009 yilinda {iretime baslayan yeni
sahadaki sevlerin durayliligi ve kayaglarin kazilabilirligi
konusunda ¢alisma yapmuglardir (Sekil 7). Yazarlar sahadaki
sevleri siireksizlik ve jeolojik 6zelliklerinden yararlanarak iig
farkli bolgeye ayirmig ve detayli arazi ve laboratuvar caligmalari
yapmiglardir. Sev durayliliklart 6nce kinematik analizler ile
degerlendirilmis, daha sonra Sev Durayliligi Olasilik Smiflama
(SSPC) sistemi ve Sev Kiitle Puanlamasina (SMR) gore
degerlendirilmistir. Calismada ayrica sahadaki kayaglarin
kazilabilirligi ile kazici tilirliniin (patlatma ve makinal) sev
durayliligt tizerindeki etkisi arastirilmistir. Kinematik analiz
sonuglar1 yeni sahada diizlemsel, kama tipi ve devrilme tiirii
yenilmelerin olmayacagmi gdstermistir. SSPC siireksizliklerin
yonelimine bagli duraylilik analizleri sev-2’nin egim agis1
66’dan  biiyiilk olmast durumunda kayma yenilmesi
gergeklesebilecegini  ortaya ¢ikarmistir.  Yonelime bagimli
duraylilik analizleri ayrica yeni sahadaki stireksizliklerin (1.
siireksizlik takimi) goriiniir egim agismin sev icine dogru
oldugundan duraylilign artirdigmi  gostermistir.  Heyelan
sahasindaki siireksizliklerin ise sev disina egimli olmasindan
dolay1 heyelan sahasindaki sevlerin durayliligmin olumsuz yonde
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etkilenecegini belirtmiglerdir. Kayaglar kazilabilirlik agisindan
kolay styrilabilir sinifina dahil olmustur. Kayag kazisi patlatma ile
yapilmasi durumunda sevlerin durayliliginin olumsuz etkilendigi
gorilmiistiir (Sekil 8). Yazarlar kinematik, SSPC ve SMR
analizleri sonuglarina gore giivenli sev egimlerinin sev-1, sev-2

ve sev-3 i¢in sirastyla 70°, 66° ve 75°, sev yiiksekliklerinin ise 8
metre olmasi gerektigini vurgulamiglardir.

Sekil 6. Heyelanlarin uzaktan (a) ve yakindan (b) goriiniimii (Karaman ve ark., 2013)
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Sekil 7. Heyelan ve yeni saha i¢in jeolojik en kesit (Karaman ve
ark., 2013)
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Sekil 8. Kazici tiiriintin sev durayliligi iizerine etkisi (Karaman
ve ark., 2013)
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2.5. Heyelan sahasinin modellenmesi

Aliyazicioglu ve ark., (2015) kil tabakasmm mevcut
durumunu gozlemlemek ve potansiyel yenilme zonlarmni
aragtirmak amaciyla yapilan 5 adet arastrma sondajimi (toplam
193 metre) degerlendirmislerdir. Sondaj bulgular kil tabakasina
ilave olarak ¢aligma sahasinda olas1 bir yenilme diizleminin de
olabilecegini gostermistir. Olast yenilme diizleminin egim agilar
ile arazi gozlemleri degerlendirilerek yenilmenin boyutlar1 ve
icerdigi riskler ortaya konulmustur. Sondaj verileri ile arazi
modeli 3 boyutlu (3D) olarak Gemcom Surpac 6.2 programinda
olusturulmustur (Sekil 9). Heyelan sahasina ait aragtirma sondaj
noktalari, heyelanlar sonrasi kayan bloklar, sev gerisindeki
gerilme catlaklar1 ve muhtemel yenilme diizleminin yiizey
konumu Sekil 9°da goriinmektedir. Yazarlar bu ¢aligma ile olasi
yenilmenin mevcut gerilme c¢atlagmin gerisine kadar
uzanabilecegini gostermislerdir. Aliyazicioglu ve ark., (2015)
heyelan sahasindaki arastirma sondajlarindan elde ettikleri
mevcut durumu yansitan verileri degerlendirmislerdir. Ancak
heyelan sahasindaki sevlerin uzun doénemde durayliliklarinin
saglanmasi adma ilave ¢aligmalarin (tasarim ve modellemeler,
sayisal analiz ve bulanik yontemler vb.) yapilmasi gerektigi
anlagilmaktadir.

Sekil 9. Olast kayma diizlemine ait yiizey konumunun 3D
goriiniimii (Aliyazicioglu ve ark., 2015)
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3. Sonuc ve Oneriler

Bu caligma kapsaminda Tasonii (Arakli-Trabzon) kiregtagi
ocagmda 2004-2015 yillar1 arasinda yapilan bilimsel ¢alismalarin
sonuglart degerlendirilmigstir. Caligmalar genel olarak 5 grup
altinda (patlatmanin sev durayliligina etkisi, heyelana neden olan
kil malzemesinin 6zellikleri, kaya malzemesi {izerine yapilan
caligmalar, yeni {liretim sahasinin degerlendirilmesi ve heyelan
sahasim modellenmesi) toplanmistir.

Patlatma ile ilgili yapilan calismalarda genel olarak farkli
sayida atim sonuclar1 degerlendirilerek patlatma kaynakli
cevresel sorunlari en aza indirme adma Olclim sonuglari
degerlendirilmis ve kiregtas1 ocaginda yapilacak patlatmalar i¢in
maksimum pargacik hizi, 6lgekli mesafe hesaplanmus, giiriilti
degerleri analiz edilerek ¢evresel sorunlar ile ¢éziim Onerileri
ortaya konulmustur.

Killer {iizerine yapilan caligmada, diizlemsel yenilmelerin
iizerinde olustugu kil tabakasmnin miihendislik 6zellikleri
(agrrlikca kil yiizdeleri, killerin tiirleri, makaslama dayanimlari,
aktiviteleri, sisme potansiyeli, likit ve plastik limit degerleri ve
zemin smiflamasi) belirlenmistir. Yazarlar, killi seviyeler ve dolgu
malzemesi i¢in elde edilen indeks ve makaslama dayanim
degerlerinin ocaktaki acilacak kazi sevlerinin durayliliginin
arastirilmasinda kullanilabilecegini ifade etmislerdir.

Kaya malzemesi lizerine yapilan ¢aligmalarda ilk olarak karot
orneklerinin su igerigi ve uzunluk degisimine bagli olarak
ultrasonik P dalga hizindaki degisimler arastirilmistir. Suyun killi
orneklerde kaya sertligini bozarak yumusamaya neden oldugu ve
karot uzunlugunun artisina paralel olarak P dalga hizinda azalma
meydana geldigi vurgulanmistir. Bir diger ¢aligma ise sahadaki
kayaclarm ayrigsma durumunun degerlendirilmesi olmustur.
Yazarlar 4 farkli bolgeye ayirdiklar1 kayaglarm ayrigma
durumlarm belirlemis ve pratik olmasi agisindan agirlikca su
emme yiizdesine gore caliyma sahasi i¢in yeni bir ayrigma
siniflamas1  6nermislerdir. Bir diger ¢alismada da kaya
malzemesinin UCS parametresinin pratik yoldan tahminine
yonelik genellestirilmis regresyon sinir ag1 modeli kullanilmistir.

Heyelan sahasinim kargisindaki iiretim sevlerinin durayliligt
ve kayac kazilabilirligi aragtirilmigtir. Bu kapsamda yeni sahanin
patlatma gerektirmedigi belirlenmistir. Ayrica optimum sev
yiiksekligi ve sev acilar1 da yapilan analizler sonucunda
Onerilmistir. Heyelan sahasinin modellenmesi g¢alismasinda ise
arastirma sondajlarinin 6nemli oldugu vurgulanmistir. Arazi
gozlemleri ile elde edilemeyen muhtemel yenilme zonlarinin
aragtirma sondajlar1 ile tespit edilmesi ve ii¢c boyutlu olarak
modellenmesi ile yenilmenin hangi alanlarda etkili olacagi genis
bir agidan ele alimustir.

Sahada yapilan bilimsel ¢aligmalarmm her biri kendi
alanlarinda literatiire 6nemli katkilar sunmustur. Bu sahadan elde
edilen teknik bilgi ve tecriibelerin benzer dzellikteki ocaklara
uygulanmasi Onerilmektedir. Ayrica arastrma sondajlarinin
onemli oldugu agiktir. Uretim dncesinde arastirma sondajlart ile
muhtemel yenilme zonlar1 tespit edilmelidir. Kayag kazilabilirligi
aragtiritlmali eger patlatma gerekiyor ise bunun kontrolli bir
sekilde yapilmast gerekmektedir. Ayrica muhtemel sev
yenilmelerini en aza indirmek i¢in optimum sev agisi ve
yiiksekliginin tasarimi, maden ve tas ocaklar1 i¢in biiylik nem arz
etmektedir.
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Abstract

Benzimidazole is an important pharmacophore in modern drug discovery. Many benzimidazole derivatives have been synthesized by
organic chemists to obtain new drug candidates. In this work, seven new benzimidazole derivatives containing imine function have
been synthesized by using microwave irradiation and conventional heating procedure. The results showed that microwave heating has
many advantages on classical heating procedure on yields, purity of product and reduced times.

Keywords: Benzimidazole, Schiff base, Microwave irradiation, Imine function

Imin Fonksiyonu iceren Baz1 Benzimidazol Tiirevlerinin Mikrodalga
Destekli Sentezi

Ozet

Benzimidazol modern ilag kesfinde 6nemli bir farmakofordur. Birgok benzimidazole tiirevi yeni ilag aday1 bilesikler elde etmek
amaciyla organik kimyacilar tarafindan sentezlenmektedir. Bu c¢alismada, imin fonksiyonu igeren yedi yeni benzimidazol tiirevi
bilesik mikrodalga 1s1ma ve geleneksel yontemle sentezlenmistir. Elde edilen sonuglara gére mikrodalga isitmanin geleneksel 1sitmaya
gore verim, iiriindeki saflik ve zaman yoniinde avantajlar1 oldugu gorilmiistiir.

Anahtar Kelimeler: Benzimidazol, Schiff bazi, Mikrodalga Isima, imin fonksiyonu

1. Introduction

Benzimidazoles are heterocyclic aromatic  organic
compounds. These compounds are bicyclic in nature which
consists benzene and imidazole (Barker et al. 1960). The use of
benzimidazole dates many years back (Patil et al. 2008). In 1990
various benzimidazole derivatives were synthesized with
substitution of florine, propylene and tetrahydroquinoline .
These new compounds resulted in increased stability, biological
activity and bioavailabity (Kubo et al. 1990; Uchida et al. 1990).
So, some benzimidazole drugs used in both human and
veterinary medicine (Velik et al. 2004) such as anti-
inflammatory (Kulkarni et al. 2013), analgesic (Achar et al.
2010), antimicrobial (Soni et al. 2012), antitumor (Gowda et al.
2009), anticancer (Rashid et al. 2012), antibacterial (Tuncbilek
et al. 2009), antihypertensive (Wang et al. 2012), protein kinase
inhibitory (Sarno et al. 2011), antitubercular activity (Kumar et
al. 2011), lipase inhibition (Mentese et al. 2014), anti urease
(Bekircan et al. 2014). Because of these biological and
pharmalogical activities, nowadays there has been an increasing
interest in the chemistry of imidazole fused benzimidazole
(Chen et al. 2011). There are some ways to synthesis of
benzimidazoles. In recent years synthetic methods have been
used but because of poor yields, use of expensive reagents and
long reaction time need more economical and environmental
conditions (Dawood et al. 2011; Varma 2012). The use of
microwave irradiation for synthesis; the reaction rates, the yields
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of products can be increased (Kappe 2004). Because of these
reasons many benzimidazole derivatives have been synthesised
with microwave irradiation (Yilmaz et al. 2013).

In this work, we have synthesized some benzimidazole
derivatives containing imine function by using microwave
irradiation and conventional heating procedure. The yields of
these two methods were compared.

2. Result and Discussion

In this study, we have synthesized some benzimidazole
derivatives containing imine function by using microwave
heating and conventional procedures. Firstly, compound 1,
ethylimido-p-bromophenylacetate hydrochloride, was prepared
according to the literature (Kahveci 2005). Then, this compound
(1) was treated with o-phenylenediamine in methanol to
synthesize  2-(4-bromobenzyl)-1H-benzimidazole (2). The
compound 2 was treated with ethyl bromoacetate in acetone with
dry KyCOs to synthesize ethyl [2-(4-bromobenzyl)-1H-
benzimidazol-1-yl]acetate (3). Ethoxy group is an easy leaving
group. Treatment of compound 3 with hydrazine monohydrate in
ethanol gave 2-[2-(4-bromobenzyl)-1H-benzimidazol-1-
yl]acetohydrazide (4) (Scheme 1.) (Mentese et al. 2015).
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After the synthesis of compound 4, this compound was
treated with 7 different aromatic aldehyde to synthesize

benzimidazole  derivatives  containing  imine  function,
compounds 5a-g.
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Scheme 2. Synthesis of compounds 5a-g

The structure of these compounds were identified by
Infirared (IR) and Proton Nuclear Magnetic Resonance (*H-
NMR) spectroscopy data. IR spectra of these compounds gave
NH band between 3109-3204 cm?, C=0O band between 1687-
1709 cm? and C=N band between 1602-1660 cm®. 'H-NMR
spectra of compounds 5a-g gave the correct signals with
proposed structures. NH signals were shown at about 11.50 ppm,
N=CH signals were shown between 8.00-9.00 ppm and NCH.
signals were shown between 5.00-5.50 ppm. When 'H-NMR
spectra of these compounds have been compared, it has been
seen that some of the protons have 2 sets of signal at different
ppm. This is because of the compounds, which have arylene-
hydrazide structure, exist as E/Z geometrical isomer from C=N
double bond and cis/trans amide conformer at the CO-NH single
bond. According to the literature (Kahveci et al. 2014),
compounds which have C=N double bond prefers E geometrical
isomer in DMSO-ds and Z isomers can be preferred in less polar
solvents. N-CH, and N-H signals were observed 2 sets of signals
because of cis/trans conformer. The ratio in each case has been
calculated by using *H-NMR data. E/Z and cis/trans geometrical
isomer of compounds 5a-g and selected *H-NMR spectrum has
been given in scheme 3 and figure 1.

(o]
T
N

o

N n
Rl/\T/Y

|

cis, E cis, Z

Scheme 3. E/Z geometrical isomer and cis/trans amid
conformer of compounds 5a-g
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Figure 1. *H-NMR spectrum of compound 5a.

3. Experimental

All the chemicals were supplied from Merck, Aldrich and
Fluka. Melting points were taken on capillary tubes on a Biichi
oil heated melting point apparatus and are uncorrected. *H-NMR
spectra were recorded on a Varian-Mercury 400 MHz
spectrometer (DMSO-dg as solvent, TMS as internal standard). A
mono mode CEM-Discover Microwave was used in the standard
configuration as delivered, including proprietary software. All
experiments were carried out in microwave process vials (30
mL) with control of the temperature by infrared detection
temperature sensor. It was monitored by a computer and
maintained constant at a constant value by a discrete modulation
of delivered microwave power. After completion of the reaction,
the vial was cooled to 60 °C via air jet cooling.

Synthesis of Compounds 5a-g

Method A (Conventional): A mixture of compound 4 (0.01
mol) and corresponding aromatic aldehyde (0.01 mol) in
ethanol/acetic acid (10/1 mL) was refluxed for 5 hours. After the
reaction was completed (monitored by TLC, ethyl
acetate/hexane, 3:1), the crude product was formed. This product
was washed with hot ethanol, filtrated off and dried.

Method B (Microwave): A mixture of compound 4 (0.01
mol) and corresponding aromatic aldehyde (0.01 mol) in acetic
acid (0.5 mL) was irradiated in microwave oven for 5 min. at
130 °C and 300 watt maximum microwave power. After the
reaction was completed, above purification method was applied.
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2-[2-(4-Bromobenzyl)-1H-benzimidazol-1-yl]-N'-
[(2-hydroxyphenyl)methylidene]acetohydrazide
(5a)

Yield: % 65 (for conventional method), % 86 (for
microwave method) mp: 290-291 °C, IR (KBr) cm™: 3290 (OH),
3182 (NH), 1698 (C=0), 1621 (C=N). *H-NMR (400 MHz,
DMSO-ds): 6 4.21+4.26 (s, 2H, CHy), 5.03+5.44 (s, 2H, NCH,
trans and cis amid conformer, cis/trans ratio 59/41), 6.86-6.93
(m, 2H, Ar-H), 7.14-7.28 (m, 5H, Ar-H), 7.44-7.58 (m, 4H, Ar-
H), 7.76-7.78 (m, 1H, Ar-H), 8.36+8.45 (s, 1H, CH, E/Z
geometrical isomer, E/Z ratio 55/45), 10.05+10.88 (s, 1H, OH),
11.66+11.95 (s, 1H, NH).

2-[2-(4-Bromobenzyl)-1H-benzimidazol-1-yl]-N"-
[(4-chlorophenyl)methylidene]acetohydrazide (5b)

Yield: % 60 (for conventional method), % 82 (for
microwave method) mp: 270-271 °C, IR (KBr) cm™: 3128 (NH),
1695 (C=0), 1606 (C=N). H-NMR (400 MHz, DMSO-dg): &
4.22+4.26 (s, 2H, CHy), 5.03+5.47 (s, 2H, NCHy, trans and cis
amid conformer, cis/trans ratio 73/27), 7.16-7.28 (m, 4H, Ar-H),
7.43-7.59 (m, 6H, Ar-H), 7.70-7.78 (m, 2H, Ar-H), 8.04-8.23 (s,
1H, CH, E/Z geometrical isomer, E/Z ratio72/28), 11.81+11.88
(s, 1H, NH).

2-[2-(4-Bromobenzyl)-1H-benzimidazol-1-yl]-N"-
[(4-bromophenyl)methylidene]acetohydrazide (5c)

Yield: % 64 (for conventional method), % 84 (for
microwave method) mp: 272-273 °C, IR (KBr) cm™: 3182 (NH),
1695 (C=0), 1609 (C=N). IR (KBr) cm™®: *H-NMR (400 MHz,
DMSO-ds): & 4.22+4.25 (s, 2H, CHy), 5.01+5.46 (s, 2H, NCHb,
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trans and cis amid conformer, cis/trans ratio 71/29), 7.14-7.24
(m, 4H, Ar-H), 7.43-7.58 (m, 6H, Ar-H), 7.69-7.76 (m, 2H, Ar-
H), 8.05+8.23 (s, 1H, CH, E/Z geometrical isomer, E/Z ratio
75/25), 11.74+11.81 (s, 1H, NH).

2-[2-(4-Bromobenzyl)-1H-benzimidazol-1-yl]-N'-
{[(4-(dimethylamino)phenyl]methylidene]}
acetohydrazide (5d)

Yield: % 70 (for conventional method), % 92 (for
microwave method) mp: 275-276 °C, IR (KBr) cm™: 3204 (NH),
1687 (C=0), 1602 (C=N). *H-NMR (400 MHz, DMSO-d): &
4.23+4.27 (s, 2H, CHy), 4.98+5.42 (s, 2H, NCHy, trans and cis
amid conformer, cis/trans ratio 75/25), 6.69-6.74 (m, 2H, Ar-H),
7.15-7.29 (m, 4H, Ar-H), 7.42-7.60 (m, 6H, Ar-H), 7.95+8.11 (s,
1H, CH, E/Z geometrical isomer, E/Z ratio 69/31), 11.49+11.56
(s, 1H, NH).

2-[2-(4-Bromobenzyl)-1H-benzimidazol-1-yl]-N'-
{[(5-chloro-2-
hydroxyphenyl]methylidene]}acetohydrazide (5e)

Yield: % 70 (for conventional method), % 92 (for
microwave method) mp: 267-268 °C, IR (KBr) cm™: 3350 (OH),
3185 (NH), 1702 (C=0), 1660 (C=N). 'H-NMR (400 MHz,
DMSO-ds): & 4.21+ 4.26 (s, 2H, CHy), 5.03+5.49 (s, 2H, NCH,,
trans and cis amid conformer, cis/trans ratio 64/36), 6.92-7.83
(m, 12H, Ar-H+CH), 8.31+8.42 (s, 1H, OH), 11.73 (s, 1H, NH).

2-[2-(4-Bromobenzyl)-1H-benzimidazol-1-yl]-N'-
{[(5-bromo-2-
hydroxyphenyl]lmethylidene]}acetohydrazide (5f)

Yield: % 70 (for conventional method), % 92 (for
microwave method) mp: 272-273 °C, IR (KBr) cm™: 3380 (OH),
3171 (NH), 1702 (C=0), 1659 (C=N). H-NMR (400 MHz,
DMSO-de): 6 4.21+4.25 (s, 2H, CHy), 5.02+5.49 (s, 2H, NCH,
trans and cis amid conformer, cis/trans ratio 64/36), 6.89-7.95
(m, 12H, Ar-H+CH), 8.29+8.41 42 (s, 1H, OH), 11.73 (s, 1H,
NH).

2-[2-(4-Bromobenzyl)-1H-benzimidazol-1-yl]-N'-
{[(3-bromo-4-
chlorophenyl]methylidene]}acetohydrazide (5g)

Yield: % 70 (for conventional method), % 92 (for
microwave method) mp: 252-253 °C, IR (KBr) cm™: 3109 (NH),
1709 (C=0), 1614 (C=N). 'H-NMR (400 MHz, DMSO-ds): &
4.21+4.23 (s, 2H, CHy), 5.01+5.49 (s, 2H, NCHa, trans and cis
amid conformer, cis/trans ratio 70/30), 7.13-8.19 (m, 12H, Ar-
H+CH), 11.81+11.92 (s, 1H, NH).

4. Conclusion

It has been described an efficient method for the synthesis of
benzimidazole derivatives containing imine function using the
microwave technology. All reactions have been carried out with
conventional heating in order to compare. All compounds are
new and identified by spectral data.
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Hasta Memnuniyetine Yanit Yiizeyi Yaklasimi
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(Dergiye gonderilme tarihi: 19 Nisan 2015, kabul tarihi: 15 Haziran 2015)
Ozet

Yanit ylizeyi metodolojisi siireglerin ve iiriinlerin optimizasyonunda kullanilir ve saglik alaninda kisitli uygulama alanina sahiptir. Bu
calismada yanit yilizeyi yontemi saglik kurumlarinda hasta memnuniyetini belirlemek amaciyla kullanilmistir. Hastane hizmetlerinden
genel memnuniyet degiskenini agiklayan bagimsiz degiskenler belirlenmis ve optimal tasarim segilerek hastane hizmetlerinden genel
memnuniyet yanit degiskeni tahmin edilmistir. T.C. Saglik Bakanlig1 ikinci ve igiincii basamak saglik kurumlarinda ayaktan hasta
memnuniyet anketi verilerinden yararlanilmistir. T.C. Saglik Bakanligi’nin 2014 yili devlet hastanelerinden genel memnuniyet hedef
degeri %70’¢ ulasmay1 saglayan degisken degerleri saptanmistir. Randevu sistemi, doktor ve hastane personelinden memnuniyetin
miimkiin oldugunca arttirilmast gerekmektedir. Saglik hizmetlerinin kalitesinin belirlenmesinde 6nemli bir unsur olan hasta
memnuniyeti yanit ylizeyi yontemi ile agiklanmistir. Randevu sisteminden, doktordan, laboratuvar ve goriintiileme tetkiklerinden
memnuniyet ve hastane personelinden memnuniyet genel memnuniyete etki etmektedir. Memnuniyetin arttirtlmasi i¢in bu degiskenler
dikkate alinmalidir. Saglik hizmetlerinin kalitesinin arttirilmast hasta memnuniyetinin de artmasini saglamaktadir.

Anahtar Kelimeler: Yanit yiizeyi yontemi, yanit yiizeyi modelleri, hasta memnuniyeti

Response Surface Approach to Patient Satisfaction

Abstract

The response surface methodology that has limited applications in the health area is used for the optimization of processes and products.
In this study this methodology is used to determine patient satisfaction in health institutions. Explanatory variables identifying the
general satisfaction with hospital care variable are determined and the general satisfaction with hospital care response variable is
estimated by selecting the optimal design. Answers of 234 questionnaires from The Ministry of Health of Turkey Secondary and tertiary
health care outpatient satisfaction survey are used. The Ministry of Health the target value 70% for the overall satisfaction from public
hospitals by 2014 is assigned the variables to attain. Satisfaction from the appointment system, doctor and hospital staff should be
increased as much as possible. Patient satisfaction which is an important factor in determining the quality of health care is described
using the response surface methodology. The satisfaction from the appointment system, physician, laboratory and imaging examinations
and hospital staff affects the general satisfaction with hospital care. These variables must be evaluated in order to increase the
satisfaction. Also increasing the quality of health care services increases patient satisfaction, as well.

Keywords: Response surface methodology, response surface models, patient satisfaction

1. Yamt Yiizeyi Yontemi Y= 1f(X1, Xo,, Xpe) € (M

Yanit yiizeyi yontemi (YYY), siireglerin olusturulmasi, olarak tanimlanir. Burada:

gelistirilmesi ve optimizasyonu i¢in kullanilan matematiksel ve
istatistiksel tekniklerin birlesimidir (Myers and Montgomery,
2002). YYY siirecteki bagimsiz degiskenlerin ve birlesiminin
etkilerini arastirmaktadir. Bagimsiz degiskenlerin etkilerini analiz
etmenin yaninda, deneysel yontem ile biitiin siireci tanimlayan bir
matematiksel model olusturulur (Jurado et al., 2002; Box and
Draper, 1975; Box and Draper, 1987 ; Cook-Anderson et.al., 2009
; Montgomery, 2001).

k tane bagimsiz degiskene sahip bir yanit yiizeyi,

www.ejosat.com

Y: yanit degiskeni (bagimli degisken)

D.CTD. CHND, ¢S
degisken,

k tane kontrol altmma alinabilen bagimsiz

¢: hata terimini ifade etmektedir (e~N (0, 0%)).
Beklenen yanit E(Y) olmak iizere,

E(Y)=n=E[f (X1, X5, ..., X)) [¥E(e) = f (X1, Xz, oo, Xi) (2)
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fle gosterildiginde, 17=f X, X,,..., X,/) terimine “yanit
yiizeyi” ad1 verilir.

Degiskenlere gore uygun bir ikinci dereceden yanit yiizeyi
modeli tahmin edildikten sonra; tahmin edilen yanit degiskenini
optimum yapan X;,X,,..,X, degiskenlerinin diizeyleri
belirlenmelidir. Yanit degiskenini optimum yapan bu nokta (eger
varsa) Xy, X,, ..., X degiskenlerine gore kismi tiirevlerin alinip
sifira egitlenmesi ile bulunmaktadir.

Y =8, +Xb+XBX 3)
Burada:
X 3 . .
SR b B2
X=| | b= ﬂ_z ve B= oz
Xy B simetrik

Hastalardan alian geri bildirimlere gore saglik hizmetlerinin
kalitesinin ve hizmetlerde memnuniyetin gittikge arttirilmasi
amaglanmaktadir.

YYY endiistri, kimya, tip, ziraat, psikoloji, ekonomi, sanayi,
egitim vb. bir¢ok alanda uygulama ve kullanim alanina sahip
olmasina ragmen saglik alaninda uygulamasi ¢ok azdir. Hasta
memnuniyetinde yanit yiizeyi yonteminin kullanimi ise bu
caligma ile bir ilk olmustur.

P12
Pacl2

ﬂkk

olarak tanimlanir (Gilmour and Draper, 2003 ; Khuri and Cornell, 1996).

Modelde yer alan ﬂo, sabit terim; b, birinci dereceden

regresyon katsayilarinin kx 1 boyutlu vektdridiir. B, ikinci
dereceden model katsayilarinin k X k boyutlu simetrik matrisidir.
Denklemin ¢oziilmesi ile duragan nokta,

~ A 1y,
Ypur=Bo + EXDur.b 4)
seklinde tahmin edilmis olur (Myers and Montgomery, 2002).

Uygulamalarda genellikle birinci ve ikinci dereceden
modeller kullanilmaktadir. Birinci dereceden modelin yetersiz
kalmasi durumunda ikinci dereceden model tercih edilmektedir.
Modellerden parametre tahminlerinin yapilabilmesi i¢in “En
Kiigiik Kareler (EKK)” tahmin yontemi kullanilmaktadir.
Ardindan uygun yiizey kullanilarak yanit yiizeyi analizi
yapilmaktadir. Eger bulunan uygun yilizey ger¢ek yanit
fonksiyonunun yeterli bir yaklasimi ise, uygun ylizeyin analizi
gerceklestirilerek uygun yiizeyin gercek yiizeye es oldugu kabul
edilmektedir. Yontemin mantiginda degiskenlerin es yiikseklik
egrilerine bakilarak optimum yaniti veren bdlgenin belirlenmesi
vardir. Ancak degisken sayisinin artmast durumunda es yiikseklik
egrileri ve yanit yiizeyi grafikleri karmasik bir hal almaktadir ve
grafiklere bakarak karar vermek zorlagmaktadir.

Hasta memnuniyeti hastalarin beklentilerini, degerlerini ve
deneyimlerini yansitan ¢ok boyutlu bir yapidir (Russell, 1990;
Naidu, 2009; Yilmaz, 2001). Hasta memnuniyeti var olan
sistemin hastanin beklentilerinin ne diizeyde karsilandig1 ortaya
koymaktadir. Hasta memnuniyeti, kisilere sunulan saglik
hizmetlerinin etkinliginin veya kalitesinin onemli
gostergelerindendir.  Saglik hizmetlerinin  olusturulmasinda,
sunulmasinda, siirdiiriilmesi ve gelistirilmesinde hasta merkezli
caligmalarin  dikkate alinmasi gerekmektedir. Hastalarin
beklentilerine ve ihtiyaglarina cevap veren bir saglik sistemi
vatandaglardan da olumlu tepkiler alir. Bu nedenle gelismis
iilkelerde saglik hizmetlerinde hasta memnuniyeti Olciilmekte ve
takip edilmektedir. Bu 6l¢iim islemi ise hastalarla yapilan anketler
vasitastyla gergeklestirilebilmektedir.

2. Hasta Memnuniyeti Analizi
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Bu ¢alismada kullanilan veriler, Saglik Bakanlig1 Hifzissihha
Mektebi Midiirliigii (simdiki Saglik Arastirmalart Genel
Miidirligi)’nden temin edilmistir. Tirkiye’de 2010 yilinda
yapilan ikinci ve liglincii basamak saglik kurumlarinda ayaktan
hizmet alan hastalar iizerinde yapilan hasta memnuniyeti
anketlerinden 234 tanesi ele alinmistir (Cronbach a =0,923).
Hastalarin hastane hizmetlerinden genel memnuniyeti (0 ile 100
arasinda) bagimli degigkenini etkileyen bagimsiz degiskenler
arastirlmistir.  Bagimsiz degiskenler birden ¢ok sorunun
birlesiminden olusmaktadir ve her bir soru besli ya da tiglii likert
seklindedir.

Y degiskeni hastane hizmetlerinden genel memnuniyet
(Genel Memnuniyet) olmak iizere bagimsiz degiskenler Tablo
1’de verilmistir. Alt1 bagimsiz degiskenin hastanin hastaneden
genel memnuniyetine etki ettigi diisliniilmektedir. Bagimsiz
degiskenlerin her biri disiik (-1), orta (0) ve yiiksek (1) olmak
iizere 3 diizeylidir. 234 anket iizerinden MINITAB’da &zel
tasarim gelistirilerek degiskenler ve diizeyleri tanimlanmis ve
yanit yilizeyi analizi yapilmigtir. Calismada kullanilan bagimsiz
degiskenler Tablo 1’de verilmistir.

Tablo 1. YYY de kullanilacak bagimsiz degiskenler

Degigken Degiskenin Ad1
X ) Randevu Sisteminden Memnuniyet (Randevu
Sistemi)
X , Doktordan Memnuniyet (Doktor)
X 5 Laboratuvar  Tetkiklerinden = Memnuniyet
(Laboratuvar Tetkikleri)
X A Gortntiileme  Tetkiklerinden ~ Memnuniyet
(Goriintilleme Tetkikleri)
X 5 Hastane Personelinden Memnuniyet (Hastane
Personeli)
X . Fiziki Sartlardan Memnuniyet (Fiziki Sartlar)

Ilk olarak birinci dereceden model denenmistir. Genel
memnuniyet yanit degiskeni i¢in kurulan birinci dereceden
regresyon modelinin istatistiksel olarak anlamli oldugu (P<0,01)
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ancak yanit yiizeyini tahmin etmek i¢in kurulan birinci dereceden
modele uyum eksikligi oldugu saptanmistir (P<0,01). Birinci
dereceden modele ait hata terimi S=14,20 bulunmustur. Dogrusal
model yanit yiizeyi tahmininde yetersiz bulundugu i¢in ikinci
dereceden model tahminine gegilmistir.

Hastane hizmetlerinden genel memnuniyet degiskeni icin
kurulan ikinci dereceden modele uyum vardir (P>0,01) ve kurulan
regresyon modelinin anlamli oldugu gorilmiistiir (P<0,01). Bu
modelde dogrusal terimler (P<0,05), etkilesim terimleri (P<0,01)
ve karesel terimler (P<0,10) istatistiksel olarak anlamh
bulunmustur (Tablo 2). Hastane hizmetlerinden genel
memnuniyetin -~ %46,2°si  bagimsiz degiskenler tarafindan
acgiklanmaktadir. Modelin hata terimi de dogrusal modele gore
daha diisik ¢ikmustir (S=13,24). Ikinci dereceden modelde
hatadan kaynaklanan degiskenlik birinci dereceden modele gore
azaltilmistir.

Kurulan regresyon modelinde randevu sistemi, goriintiileme
tetkikleri, doktorun karesel terimi, laboratuvar tetkiklerinin
karesel terimi, randevu sistemi ve gorlintiileme tetkikleri
etkilesimi, randevu sistemi ve hastane personeli etkilesimi, doktor
ve laboratuvar tetkikleri etkilesimi, doktor ve goriintiileme
tetkikleri etkilesim terimleri istatistiksel olarak anlamli
bulunmustur.

Tablo 2. Genel memnuniyet degiskeninin ikinci dereceden
modeli icin elde edilen ANOVA tablosu

Kaynak |4 | g | ortatamas: |F |”
Regresyon |27 30998 11481 6,55 0,000
Dogrusal |6  |21356 |489,7 2,79 [0,012
Karesel 1827 369,4 2,11 [0,054
Etkilesim |15 |7815 521 2,97 (0,000
Artik Hatast | 206 [36117 [ 175,3

&Z‘;ﬁigi 23 5428 236 141 |o,112
SafHata | 183 [30689 |[167,7

Toplam 233 167115
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Ikinci dereceden model denklemi,

Genel Memnuniyet = 73,709-17,043 X;- 24,61X,- 16,631X3+
31,11X,- 6,385X+12,458X, + 1,536X2+11,011X2- 9,168X2+
2,247X2+ 5,735X2-2,868X2+ 14,022X,*X, + 5,588X;*X;-
12,845X,*X,+10,197X, *X5+4,913X, *X+17,735X,* X5-
18,899X,*X,+1,624X,*X+7,782 X,*X+5,846X5*X,+5,12X5 *
X5-7,552X5 % Xg-5,01X, * Xc+2,921X, * Xo-1,914X: x Xy (5)

seklindedir.

Optimum noktay1 veren bagimsiz degisken degerleri ve sabit
terim modelde yerine konuldugunda 1, 1, 0, -1, -1, -1 i¢in duragan
nokta 173,3946 degerini almistir. Ancak modelden sabit terim
¢ikartlirsa duragan noktanin degeri 99,6856 olmaktadir.
Ozdegerlerin isaretleri hem negatif hem de pozitif deger aldig
i¢in duragan nokta bir eyer noktasi ¢ikmigtir.

Es yiikseklik egrileri ve yanit yilizeyi grafiklerinde anlamli
olan degiskenler; randevu sistemi, doktor, laboratuvar tetkikleri,
goriintiileme tetkikleri ve hastane personeli degiskenleri ele
almmustir. Grafiklerde yer almayan degiskenler orta seviyede (0)
sabit olarak alimmugtir.

Es yiikseklik egrileri ve yanit yiizeyi grafiklerinde biitliin
degiskenler i¢in yapilan tahminlerde memnuniyetin maksimum
noktaya yakin oldugu yani 100’¢ yakin oldugu alanlar tercih
edilmistir. Randevu sistemi degiskeninin diger degiskenler ile es
yiikseklik egrileri ve yanit yilizeyi grafikleri incelendiginde
laboratuvar tetkikleri ve hastane personeli degiskenlerinde
maksimum degeri veren araliklarin daha kisa oldugu goriilmiistiir.
Doktor degiskeni i¢in 80-100 araliginda, laboratuvar tetkikleri
degiskeni i¢in 90-100 araliginda, goriintiileme tetkikleri i¢in 75-
100 araliginda ve hastane personeli igin 90-100 aralifinda
maksimum degerlere ulagilabilecegi goriilmektedir (Sekil 1-2).

YYY  grafiklerinde bagimli degisken degerleri farkli
renkteki alanlarla Dbelirtilir. Optimum degeri veren alani
smirlayan bagimsiz degisken degerleri ilgili renkli alan iizerinden
degerlendirilir.
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Sekil 2. Randevu sisteminden memnuniyet degiskeninin diger degiskenlere gére yanit yiizeyi grafikleri

Doktor degiskenin diger degiskenlerle es yiikseklik egrileri ve yanit yiizeyi grafiklerine gore en kisa araligin hastane personeli ile
90-100 araliginda oldugu goriilmektedir (Sekil 1-4).
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Sekil 4. Doktordan memnuniyet degiskeninin diger degiskenlere gore yanit yiizeyi grafikleri

Laboratuvar tetkikleri degiskenin diger degiskenlerle es ytlikseklik egrileri ve yanit yiizeyi grafiklerine gore en kisa aralik randevu
sistemi ve hastane personeli ile ¢izilen grafiklerde goriilmiistiir ve maksimum degeri elde etmek i¢in 90-100 araliginin ele alinmasi
gerekmektedir (Sekil 1-2, Sekil 5-6)
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Sekil 6. Laboratuvar tetkiklerinden memnuniyet degiskeninin diger degiskenlere gore yanit yiizeyi grafikleri

Goriintiileme tetkikleri degiskeninin diger degiskenlerle es yiikseklik egrileri ve yanit yilizeyi grafiklerine gore en kisa araligin
randevu sistemi i¢in 90-100 aralifinda oldugu goriilmiistiir (Sekil 1-2, Sekil 7). Maksimum degeri verebilecek tahminler en yiiksek

degerleri veren araliklardan elde edilmektedir.
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Sekil 7. Goriintiileme tetkiklerinden memnuniyet degiskeninin hastane personelinden memnuniyet ile es yiikseklik egrisi ve yanit

yiizeyi grafigi

234 deney noktasindan olusan veri kiimesinden daha az deney
noktasindan olusan optimal tasarim D optimallik kriterine gore
secilmigtir. Yanit yiizeyi analizinde modelde; randevu sistemi,
goriintiileme tetkikleri, doktorun karesel terimi, laboratuvar
tetkiklerinin karesel terimi, randevu sistemi ve goriintiileme
tetkikleri etkilesimi, randevu sistemi ve hastane personeli
etkilesimi, doktor ve laboratuvar tetkikleri etkilesimi, doktor ve
goriintiileme tetkikleri etkilesim terimlerinin onemli oldugu
goriilmiistiir. Ana etkilerin ve bu etkilesim terimlerinin yer aldig
model icin olusturulan 12 noktalik bu optimal tasarima gore
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hastane hizmetlerinden genel memnuniyet yanit degiskenini
etkileyen degigkenlere ait son model Es. 6’de verilmistir.

Genel Memnuniyet =32,8125 - 4,6875X,+6,2500X,-
3,1250X+4,687X,-25,00X5+56,25X, * Xo—

15,625X5* X4+4,6875X,*X,+3,97464E-15X, *X5-12,50X, *
X3+6,25X, * X, ()

Es. 6°da verilen modele gore bagimsiz degiskenlerin farkli
kombinasyonlarindan elde edilen hastane hizmetlerinden genel
memnuniyet yanit degiskenine ait tahminler yapilmistir.

133



Avrupa Bilim ve Teknoloji Dergisi

Bu tahminlerin degiskenlerin 3 diizeyi i¢in verdigi tahminler
Tablo 3’de verilmisti. Modeldeki biitin degiskenler yiiksek
degerini aldiginda memnuniyetin alabilecegi en yiiksek degere
yani 100’e ulagilmistir. Memnuniyetin 100 olmasi istenen fakat
uygulamada saglanmasi ¢ok zor olan bir durumdur.

Tablo 3. Bagimsiz degiskenlerin yiiksek, orta ve diisiik diizeyi
icin model tahminleri

Degiskenler Yiiksek Orta Diisiik
Sabit 32,8125 32,8125 32,8125
Randevu Sistemi 1 0 -1
Doktor 1 0 -1
Laboratuvar Tetkikleri 1 0 -1
Goruntilleme Tetkikleri 1 0 -1
Hastane Personeli 1 0 -1
Doktor*Doktor 1 0 1
Laboratuvar
Tetkikleri*Laboratuvar
Tetkikleri 1 0 1
Randevu
Sistemi*Goriintiileme
Tetkikleri 1 0 1
Randevu
Sistemi*Hastane
Personeli 1 0 1
Doktor*Laboratuvar
Tetkikleri 1 0 1
Doktor*Goriintiileme
Tetkikleri 1 0 1
GENEL
MEMNUNIYET 100 32,8125 43,75

SB stratejik planinda devlet hastanelerinde saglik hizmetlerinden
memnuniyet oranimt 2014 yilinda %70 ve iizerine ¢ikarmay1
hedeflemistir. (SB, Stratejik Plan 2010-2014). %70 genel
memnuniyeti veren bagimsiz degisken noktalart igin MINITAB’
da yanmit optimumlastirma (response optimizer) secenegi
kullanilmistir. Hedef deger olarak 70 degeri, alt sinir ve st sinir
olarak da sirasiyla 0 ve 100 degerleri girilmistir. Hedef deger
%70’1 veren degisken diizeyleri Tablo 4’de verilmistir.

Tablo 4. %70 genel memnuniyeti veren tasarim noktalari

Degisken Diizey
Randevu Sistemi 1

Doktor 0,97771
Laboratuvar Tetkikleri -1
Goriintileme Tetkikleri -1
Hastane Personeli -0,08968

Tablo 4’de verilen tasarim noktalar1 modelde yerine
konuldugunda 69,9997 degerine ulagilmistir. Hedef deger %70’e;
randevu sisteminden memnuniyetin 1, doktordan memnuniyetin

0,97771, laboratuvar tetkiklerinden —memnuniyetin -1,
goriintiileme  tetkiklerinden memnuniyetin -1 ve hastane
personelinden memnuniyetin  -0,0897 olmasi durumunda

ulagilmaktadir. Hedef degere ulasilmasi igin randevu sistemi,
doktor ve hastane personelinden memnuniyetin yiiksek olmasi
gerekmektedir. Laboratuvar tetkiklerinden ve goriintiileme
tetkiklerinden memnuniyetin ise diisiik ¢ikmast durumunda da
%70 genel memnuniyete ulasilmistir.
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1. Sonug ve Tartisma

Bu c¢aligmada hastane randevu sisteminden, doktordan,
laboratuvar tetkiklerinden, goriintiileme tetkiklerinden ve hastane
personelinden memnuniyet hastane hizmetlerinden genel
memnuniyetin tahmin edilmesinde istatistiksel olarak anlamli
birer etken olarak tespit edilmistir. Saglik hizmeti sunan
personelin kisilik 6zellikleri, gosterilen nezaket, merhamet, alaka
ve anlayis, profesyonel tavirlari, bilgi ve becerilerini ifade etme
bicimleri, hasta memnuniyeti {izerinde ¢ok Onemli rol
oynamaktadir (Yilmaz, 2001). Doktorun ve diger hastane
personelinin davramisi hastane hakkindaki hasta tutumunun
belirleyicilerinin merkezindedir (Lovdal and Peerson,1989).
Hastanede sunulan biitlin hizmetlerin kalitesi hastanin genel
memnuniyetinin belirlenmesinde etkili olmaktadir. Hastanelerin
boliimlerindeki ve hizmetlerindeki memnuniyet ardindan
hastaneden genel memnuniyeti de getirmektedir.

Incelenen bagimsiz degiskenlerden hastanenin fiziki
sartlarindan memnuniyet degiskeni anlamsiz c¢ikmustir. Hasta
memnuniyeti ile ilgili literatiir incelendiginde hastanenin fiziki
sartlarnin memnuniyeti etkileyen ana unsurlardan oldugu
belirlenmistir. Bir hastanedeki temizlik, c¢evre, donanim gibi
fiziksel hizmetlerin Ozelliklerinin iyi durumda olmasi hasta
memnuniyetini arttiran bir unsurdur (Naidu, 2009) ve saglik
hizmetleri literatiiriiniin ortak bulgusu fiziksel 6zelliklerin hasta
saglik hizmetleri gelisiminin bir bileseni oldugudur. (Woodside et
al., 1989) Bu ¢aligmada ise fiziki sartlar hastane hizmetlerinden
genel memnuniyet yanit yiizeyi icin literatiirden farkli olarak
anlamsiz bulunmustur.

Hastane hizmetlerinden genel memnuniyetin tahmin edilmesi
icin anlamli olan terimler ele alinmistir. Bundan dolay1, yapilan
yanit yiizeyi analizinde anlamli ¢ikan terimler igin optimal

tasarim seg¢ilmistir. Bu optimal tasarima goére tahminler
yaptlmigtir. Biitin degigkenlerin yiliksek seviyede olmasi
durumunda hastane  hizmetlerinden genel ~memnuniyet

seviyesinde maksimum deger olan 100°e ulagilmistir.

Hastane hizmetlerinden genel memnuniyet degiskeninin
degerinin 0 ile 100 arasinda deger aldigi bilinmektedir.
Memnuniyet katsayisi en yiiksek degerini 100 olarak almaktadir.
Ancak modelde bazi bagimsiz degisken degerlerinin yerine
konulmasi durumunda 100’d asan durumlar tespit edilmistir.
Memnuniyetin en fazla %100 olacag: bilindiginden bu durumda
genel memnuniyet 100 olarak kabul edilmisti. Bu durum
¢alismanin bir kisithiligidir.

Ana etkiler ve etkilesim terimlerinden olugan optimum
tasarima ait modelden yanit optimumlagtirma segenegi
kullanilarak hedef genel memnuniyet seviyesi arastirilmigtir.
Hedef deger %70’i randevu sisteminden memnuniyetin 1,
doktordan memnuniyetin 0,97771, laboratuvar tetkiklerinden
memnuniyetin -1, goriintiileme tetkiklerinden memnuniyetin -1
ve hastane personelinden memnuniyetin -0,0897 olmasi
durumunda ulagilmigti. SB 2014 hastane hizmetlerinden genel
memnuniyet hedefi %70 oranina ulasilmasi i¢in randevu sistemi,
doktor ve hastane personelinden memnuniyetin miimkiin
oldugunca arttirilmasi gerekmektedir. Bu c¢aligma Kuyumcu
(2011) tarafindan tamamlanmis olan yiiksek lisans tezinden
tiretilmistir. Dolayisiyla hedef deger o tarihte 2014 olarak
almmustir.

Memnuniyetin arttirilmast i¢in bu degiskenler dikkate
almarak saglik hizmetlerinin kalitesi arttirilabilir. Laboratuvar
tetkiklerinden ve goriintiileme tetkiklerinden memnuniyetin
diisiik olmasina ragmen memnuniyetin yiiksek ¢ikmasinin nedeni,
hastalarin laboratuvar tetkikleri ve goriintiileme tetkiklerinden
aldiklar1 diisiik seviyedeki hizmetlere aligmis olabilmesi ile
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aciklanabilir. Laboratuvar tetkiklerinden ve goriintiileme
tetkiklerinden ~ memnuniyetin ~ diisiik  olmasmna  ragmen
memnuniyetin yiiksek ¢cikmasinin bir diger nedeni de kisilerin
hastane disinda bagka saglik kuruluglarini tercih etmesi olabilir.

Saglik  hizmetlerinde laboratuvar ve  goriintiileme
tetkiklerinde verilen hizmetlerin kalitesinin arttirilmasi ile
kisilerin tetkik hizmetlerinden memnuniyeti de arttirilabilir.
Hastane hizmetlerinden genel memnuniyetin arttirtlmasi igin
biitiin bolimlerdeki memnuniyetin de arttirilmasi gerekmektedir.

Bu calisma ile YYY ilk defa saglik kurumlar ile ilgili bir
calismada kullanilmistir ve YYY ile hasta memnuniyeti analiz
edilmistir. Hastalarin hastane hizmetlerinden genel memnuniyeti
ve genel memnuniyeti etkileyen degiskenler agiklanmaya
calisilmistir. Hastane hizmetlerinden genel memnuniyet degiskeni
icin yanit yiizeyi modeli kurularak optimum noktaya ulasilmis,
ardindan minimum sayida deney noktasi ile optimum tasarimin
belirlenmesi i¢in D optimallik kriterine goére 234 denek lizerinden
optimum nokta secim islemi yapilmistir. Bu secilen optimum
tasarima gore de model kurularak tahminler yapilmistir. Yanit
ylizeyi yonteminin hasta memnuniyeti kavramina adapte edilmesi
ile hasta memnuniyetini etkileyen degiskenler ve hedeflenen
memnuniyet degerleri elde edilebilir.
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Abstract

It is not so common in dam engineering to design and construct earthfill dams with waterproof geomembrane liners instead of using
clay cores. Since any dam failure cause catastrophic results and disasters over large areas located on the downstream side of the dams,
dam design engineers generally avoid using geomembrane liners wherein any holes on the liners may cause seepage forces within the
embankment materials. Therefore, engineers mostly prefer to use with well known traditional materials such as concrete face, clay fill,
and asphalt membrane to provide water tightness for embankment dams. However, in recent years, in the World, there is an attempt to
use geomembranes on the upstream faces of embankment dams as water barriers. There are recently some small dams with
geomembrane water barriers constructed less than 30 meter heights in Turkey and in the World. In this study, for dam design engineers,
it is shown that critical slope loading cases for dam slopes with geomembrane liners are different than those for conventional
embankment dams with clay cores. So, this study will provide a technical source and a guide for dam engineers by the way of explaining
some important criterions to analyze and design the slope of the geomembrane faced embankment dams along with Kizik dam. In
addition this study briefly discusses also some other design principles of geomembrane faced dams. Moreover, the study shows how to
optimize the outer slopes of geomembrane faced embankment dams in terms of safety and economy.

Keywords: Geomembrane liners, embankment dams, slope stability, critical loading, optimum slope design

Ozet

Baraj miihendisliginde, dolgu barajlarin gegirimsizlik perdesini kil g¢ekirdek yerine geomembran malzeme kullanarak saglamak
uygulamada ve tasarimda tercih edilen yaygim bir uygulama degildir. Ciinkii bir barajin yikilmast durumunda, barajin mansabindaki
genis alanlar boyunca ¢ok biiyiik zararlar ve kayiplar meydana gelir. Bundan dolay1 baraj mithendisleri barajlarin su gegirimsizligini
saglamakta geomembranlar1 kullanmak noktasinda geomembranlarin {izerinde olusacak bir ywtilma ve delik neticesinde baraj
dolgusunda sizma basinglar1 olusur diye ¢ekingen davranmaktadirlar. Bu sebeple, mithendisler tasarimlarinda daha ziyade geleneksel
ama miihendislik davranislari iyi bilinen beton kaplama, kil dolgu veya asfalt membran gibi malzeme ve yontemleri tercih etmektedirler.
Fakat bununla birlikte son yillarda diinyada barajin su gegirimsizligini temin etmek i¢in, geomembran kapli kiigiik dolgu baraj tasarim
ve ingaatlar1 goriilmeye baglanmistir. Tiirkiye’de ve diinyada 30 yiiksekligin altinda bu tiir bazi barajlar tasarlanmis ve insa edilmis olup
bir kismi1 da ingaat agamasindadir. Bu ¢aligmada, memba sevi geomembran kapli dolgu barajlarin sev stabilitesi agisindan kritik yiikleme
sekillerinin klasik kil ¢ekirdekli barajlardan farkli oldugu baraj tasarim mithendisleri i¢in gosterilmistir. Bu ¢alisma, baraj miithendisleri
icin, Kizik baraji sev stabilite analizleri vasitasiyla, geomembran kapli dolgu barajlarin stabilite analizlerindeki 6nemli kriterleri ve
analiz sekillerini anlatan teknik bir kaynak ve rehber hiikkmiinde olacaktir. Ayrica bu ¢aliyma geomembran kapli baraj tasariminda dikkat
edilmesi gereken diger 6nemli hususlari da izah etmektedir. Bunlara ilave olarak, geomembran kapli dolgu barajlarin sevlerini ekonomik
ve teknik agidan nasil optimum olarak analiz edilecegi sunulmaktadir.

Anahtar kelimeler: Geomembran sentetikler, dolgu barajlar, sev stabilitesi, kritik yiikkleme, optimum sev tasarimi

1. Introduction example of these. Since impervious clay core materials of the dam
were located almost 25 km far from the site, Kizik dam
Originally was designed as a geomembrane faced earthfill
dam at first. But, later, existing of clay core material source in a
reasonably economical distance to the dam site was discovered
after a further investigation, geomembrane faced embankment
dam design changed to a conventional embankment dam with a
central clay core. At the time of the design stage of the
geomembrane faced earth fill dam (Kizik dam), many evaluations
and discussions were performed among the engineers since a safe
design of Kizik dam having a quite large storage volume and 44
m height from foundation level was so important. The dam was
also located on highly populated area and on a highly earthquake

For highly populated regions, any dam failure may cause
many deaths and give big damages to the facilities located on the
downstream of the dam. Therefore, as a custom, dam designers
and contractors usually prefer to work with well-known and
experienced materials such as clay cores, concrete, asphalt for
water barriers of earth fill/rock fill dams instead of using new
types of materials such as geomembranes. However, if there is no
clay core material with good engineering properties within an
economical distance, then geomembrane faced type of dams may
be considered for any earth fill dam design. Kizik Dam was one
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potential region. The dam was originally designed as a
geomembrane faced dam to save from transportation costs of clay
core material. However, any irrigation or energy purposed large
and high geomembrane faced earth fill dams with high storage
capacities (more than 1000000 m*) comparing to the other dam
types are not so common on the earth up to now. According to
2010 ICOLD Bulletin, relatively high number of fill dams with
uncovered geomembranes are 47. And, most of the constructed
geomembrane faced embankment dams are relatively small and
also around 106 with a covered material. So, we can conclude that
many geomembrane faced fill dams constructed on the earth are
usually either quite small dams or have low storage capacities
(generally less than 500000m3). In addition some are also mostly
located on the places far from the highly populated regions.
Therefore, design of Kizik dam being a geomembrane faced type
was left out at final design stage and instead conventional earth
fill dam with a clay core was again preferred for the construction
by the engineers.

Kizik Dam is located on Sandikli province of the city of
Afyonkarahisar in Turkey. It is now under construction and an
irrigation purposed dam. The dam is also located on a region
wherein it is mostly probable to have a strong earthquake over 6.0
magnitude. Reservoir volume at the normal water level of the dam
is 2070000 m*. The height of Kizik dam is 37 m from the riverbed
and 44 m from the bedrock. Therefore, the alluvium thickness on
the dam axis is almost 7 m deep. Spillway structure of the Kizik
dam is located on the left abutment. Its discharge capacity is 9.97
m3/s for a 10000 years of return period. Derivation conduit as
well as bottom outlet is a 1 m diameter steel pipe and located on
the right abutment. Upstream and downstream slopes of Kizik
dam were originally designed as 3 horizontal to 1 vertical and 2.5
horizontal to 1 vertical respectively for the geomembrane faced
earth fill type as same for the conventional clay core earth fill dam
design in the final stage since the engineers hesitated to make
stepper slopes for geomembrane faced type of the dam.

In this study critical slope loading cases, loading types, ranges
of safety factors, optimum design of outer slopes of geomembrane
faced earthfill dams are all discussed and presented along with the
Kizik dam which is also under the effect of an earthquake loading.
Optimum design of the upstream and downstream slopes are so
much important in terms of safety and economy in dam
engineering. Since, if outer slopes are designed so gentle, then the
volume of the dam and its foundation area increase which also
cause larger foundation treatment areas, excavations and refilling
with earth fills. Gentle slopes also cause farther and more costly
spillway and derivation facilities. Therefore, designing slopes of
dams as possible as steep are very important to decrease costs and
safety. So, this study, in brief, also provides a good example how
to design slopes optimally in terms of the dam’s safety and
economy. Moreover, some other important design principles of
geomembrane faced dams are given.

2. Materials and Methods

2.1. Literature review and evaluation of past
studies for embankment dams with geomembrane
liners as water barriers of embankments dams

Koerner, R. M. and Wilkes, J. A. (2012) stated that 183 earth
or rock fill dams (most of them are small) incorporating
geomembranes are available in the world. 45% of those are in
Europe, 18% are in USA, 18% are in China and other remaining
are scattered in other countries and locations.

Poulain etal (2011) provided a feedback and guidelines for
geomembrane lining systems of mountain reservoirs in France
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Mendoza et al (2009) developed safety factor monograms for
homogeneous earth dams less than ten meters high. In their study,
they accepted 1.4 as a minimum safety factor for slopes of an earth
fill dam to be sufficiently stable for both the cases of dynamic
stability and static stability. However, like in our study, safety
factors of dynamic and static stability cases should be different.
Since an earthquake loading cause a short time extra loading on
any slope sliding surface, required minimum slope dynamic safety
factor is usually taken less than minimum static safety factor for
a slope to be accepted as safe. In addition, if dynamic threshold
slope safety factor is taken as same as the static threshold safety
factor, this cause slopes of dams to be flatter and uneconomical.
Further, in their study, Mendoza et al did not consider reservoir
water pressure as a boundary force on top of the geomembrane.
However, this is the real case and has to be certainly considered
in the geomembrane faced earth fill dams like in the cases of
concrete or asphalt faced dams.

Toloiyana et al (2009) analyzed a channel embankment
reinforced by a nonwoven geotextile using two methods: The first
method only considered the tensile strength and soil-geotextile
interface friction. The second method also considered the
drainage function. In both cases, the reinforced embankment was
modeled in rapid drawdown condition by the authors

Briancon et al (2002) were discussed outcomes of some
experimental modelling of friction at geosynthetic interfaces for
different hydraulic conditions to which GLS are exposed, such as
rainfall leading to partial or total saturation of the landfill covers
on top of the GLS. They also gave some equations to calculate
friction angle between geotextile and geomembrane.

2.2. Geology of the site, configuration and material
characteristics of the dam

Bedrock on the dam site consists of andesite, agglomerate and
tuff. For the Maximum Credible Earthquake on the site, the
horizontal earthquake coefficient used for the slope stability
analyses of the dam is taken as 0.2g for pseudo static slope
stability analyses since the region is in the 1st degree (the most
risky) earthquake region in Turkey.
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Fig. 1. General Layout of Kizik Dam (State Hydraulic Works,
2013)

All possible configurations of the Kizik dam studied carefully
at the design stage to find out the safety and least costly dam. It
was found that a concrete dam for this irrigation purposed dam
would not be feasible. Therefore, dam has to be either rock fill or
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earth fill type. Since a rockfill dam is generally much more
expansive than an earthfill dam, Kizik dam was selected to be an
embankment. However, a good clay core material source within a
reasonably economical distance at first was not found on the site,
then the design was progressed on a sandy fill embankment with
a geomembrane faced on the upstream side. This embankment
was located on the bedrock after excavating and removing the
alluvium completely on the site. The embankment’s material,
sandy fill behind geomembrane, would be obtained from the
sources as much as close to the site. Thus, the general layout of
the kizik dam taken into consideration in the first design stage is
given in Fig. 1.

Maximum cross section of the dam is also provided in Fig.2.
In this stage embankment upstream outer slope with
geomembrane face and downstream slope were selected 3
horizontal to 1 vertical and 2.5 horizontal to 1 vertical respectively
as same as the slopes chosen in conventional designs. However,
since appropriate clay core material was later on finally found in
a reasonable distance to the dam axis, the embankment design
with a geomembrane faced was left and the design revised to a
conventional embankment type with a clay core. However,
originally designed upstream and downstream slopes are 3
horizontal to 1 vertical and 2.5 horizontal to 1 vertical respectively
remained same for both types of the designs.

' : AL
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Fig.2. Maximum Cross section and a cross section on the
abutment of Kizik Dam in the first alternative of the designs (State
hydraulic Works, 2013)

3. Critical Slope Stability Cases for

Embankment Dams and Safety Factors

The most critical cases for upstream slopes of conventional
embankment dams with a clay core are i) At the end of the
construction ii) Sudden drawdown of the reservoirs. However, for
downstream slope, the most critical cases are i) At the end of the
construction ii) Full of reservoir. On the contrast, for
geomembrane faced embankment dams, critical loadings for
slope safety differs. In this case, for upstream slope stability
analyses, the most critical cases are i)at the end of the construction
ii) Full storage and minimum storage level at the end of the
irrigation session for irrigation purposed dams. When reservoir is
in its highest level (maximum water level) for geomembrane
faced embankment dams, reservoir water pressure acts
completely on the geomembrane face resulting in increasing of
normal soil pressure on the sliding surfaces and as a consequence
of it, increasing of shear strength along the sliding surface.
Therefore, full storage case is actually not the critical loading for
geomembrane faced embankments. Instead, when reservoir water
lowered at the end of irrigation or in case of any danger, acting of
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upstream water pressure on the geomembrane decreases. In such
case, shear strength increase on the sliding surfaces due to normal
soil stress increase on the sliding surface because of the reservoir
water pressure is much less than that of the full storage case. That
is why we can accept that minimum reservoir level is much more
critical than full storage case for upstream slope of geomembrane
faced earth fill/rock fill dams. However, a dam designer has to
also analyze full storage loading case for upstream upstream slope
design.

For downstream slope stability analysis, critical loadings are
as same as those in conventional earth fill/rock fill dams with a
clay core wherein those cases are i) At the end of the construction
i) Full of reservoir. A summary of comparison for critical slope
failure analyses for both types of embankment dams is given in
Table 1.

Table 1. Comparison for critical slope failure analyses for
different embankment dams

Earthfill'rockfill dams
with clay core

Earthfill/rockfill dams with
geomembrane face

UPSTEEAM
SLOFE
DOWNETREAN
SLOTPE
UPSTREEAM
SLOPE
DOWNETREAN
SLOTPE

End of End of End of End of
construction | construction conistruction | construction
Full storage
Sudden Full storage | and minimum | Full storage
drawndown case storage case case

after irrigation

As proved in this study, we can say that in terms of slope
safety, properly designed well constructed undamaged
geomembrane faced earthfill dams may be safer than
conventional embankment dams with a clay core. Since, as
opposed to the conventional earthfill/rockfill dams with a clay
core, in geomembrane faced embankment dams, water pressure
acts only on the upstream geomembrane. This means reservoir
water does not act within the embankment to cause pore water
pressure which decreases shear strength along the sliding surface
and also may cause piping or soil erosion due to seepage within
the embankment.

Table 2. Minimum required safety factors against slope sliding for
earth fill/rock fill dams in Turkey

Downstream slope

Upstream slope

End of construction End of construction

Without With Without With
Earthquake Earthquake Earthquake Earthquake
(1.5 (1.2) (1.5) (1.2)

Sudden drawndown or
tif reservoir level

Full storage case

Without With Without With
Earthquake Earthquake Earthqualke Earthquake
(1.0} (1.0% (1.5) (1.2

In Turkey, when a pseudo static earthquake slope stability analysis
is done, the minimum accepted safety factors for upstream
embankment slopes are 1.2 for the end of construction case and
1.0 for the drawdown case. Minimum acceptable safety factors for
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downstream embankment slopes are, however, 1.2 for both the
end of construction and full of reservoir cases (Table 2).

4. Slope Stability Analyses of the Kizik Dam
with an Upstream Geomembrane Face

In the design stage of the geomembrane faced Kizik dam,
slopes were selected 3 horizontal to 1 vertical for the upstream
slope and 2. 5 horizontal to 1 vertical for the downstream slope as
same as those normally selected for the conventional earthfill
dams with a central clay core. However, as proved and discussed
in this paper, it is possible to make steeper slopes and then as a
consequence it is possible to make the cost of the dam less and
save Money. Since, if we design sufficiently safe steeper slopes,
then embankment volume and foundation treatment beneath the
embankment decrease. In addition due to steeper slopes, upstream
and downstream embankment lay out on the river bed and
abutments do not spread to larger areas. This also cause some
decrease in the length of bottom outlet and spillway structures. All
these result in cost savings.

Therefore sufficiently safe and economical slope design for
geomembrane faced embankment dams have to be sought in all
designs instead of designing slopes conventionally. Steeper slope
design is more possible for geomembrane faced earth fill dams
than that for conventional embankment dams with a clay core
since there is no water normally within the embankment due to
prevention of seepage of reservoir water into the embankment by
the impervious geomembrane barrier.

4.1. Pre-evaluations before running slope stability
analyses

Possible slopes to be chosen for the design are 3H/1V,
2.5H/1V or 2H/1V for the upstream slope and 2.5H/1V or 2H/1V
for the downstream slope. Steeper upstream slope than the 2H/1V
is not considered for sandy gravel earth fill material due to the risk
of the segregation and construction difficulties of the
geomembrane placement. For the upstream slope we decided the
most critical slope loading cases for the stability as:

o Earthquake effect at the end of construction and
o Earthquake effect when the reservoir is full with water

Since, the dam is an irrigation dam, then only five months of
irrigation season, reservoir water will get gradually and partly
lower levels and finally it will reach the minimum level only at
the end of the irrigation session for a short period of time.
Therefore, the risk of the having a maximum design earthquake
considered for the region just when the water level is in its lowest
time is quite low. So, most of the year dam will have high storage
levels causing high pressures on the geomembrane face and a high
seepage risk if any damage occurs on the geomembrane barrier.
Thus we concluded that the full storage case with an earthquake
coefficient to run a pseudo static slope stability analyses is much
more critical than the case of the storage with a minimum
reservoir level.

When full storage case considered dynamic reservoir water
pressure acting on the geomembrane barrier due to earthquake
should also be taken in the analysis for example by using
westergard calculation. However, this dynamic water pressure
causes additional pressure to the static water pressure and as a
consequence it also causes strength increase along the sliding
surfaces. Therefore, in our cases we did not considered dynamic
reservoir water pressures to stay on safer side. Minimum
acceptable safety factors are 1.5 for static case and 1.2 for
earthquake case. Ice effect on the upstream slope is also not
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considered for the upstream slope stability analyses since the
region is although located on a cold region. Freezing of the
reservoir water is not so common. However, it should be marked
that for very cold regions, freezing of reservoir water may damage
geomembrane if not protected well and also cause additional
horizontal load on the upstream face the dam. Embankment
material properties used in slope stability analyses in this study
are also given in Table 3.

Table 3. Material properties of the Kizik Embankment

Yrooist Ysat Cdry Csat I e
&NmM3) | (kKN/m?) &N/m?) | (kN/m?)
sandyfill 16.5 17.6 0 0 38| 0

5. Pseudo Static Slope Analyses and
Optimum Design of Outer Slopes of Kizik
Dam

To determine the design safety factors of the upstream and
downstream slopes of the Kizik dam for the maximum horizontal
seismic acceleration coefficient of 0.2g obtained for the maximum
credible earthquake with a magnitude of 6.5 for the region, we run
slope stability analyses using the WinStabl program, adapted to
windows platform by Peter J. Bosscher, from the original Purdue
University STABL code developed by Ronald A. Siegel (1975).
This program analyses slopes by one of the limit equilibrium
methods such as Swedish circle, modified Bishop and Janbu. In
all of our analyses we preferred modified Bishop method for
calculating factor of safeties of the sliding surfaces. Sliding
surfaces are selected as circles. If an embankment is consist of
homogeneous earthfill material then any slope sliding is most
probably either circular or near circular. In all analyses we used
100 trial surfaces to obtain the most critical one with the lowest
factor of safety. At the outcome of the analyses, ten most critical
sliding surfaces among hundred tried surfaces are obtained as seen
on the figures 3,4,5,6 and 7 with lowest factor of safeties. The first
one with the lowest factor of safety indicates that this sliding
surface is the most critical one. Loading types for the critical cases
are also summarized in Table 4 below:

Table 4. Loadings for different cases

At the end of
construction
Embankment weight
on the sliding surface
Earthquake horizontal
earthquake coefficient

Full Storage

Embankment weight on the sliding
surface

Upstream reservoir water pressure
applied on the geomembrane as
boundary surface load: Linearly

varying water pressure by depth is

idealized with several linear
incremental loads
Earthquake horizontal earthquake
coefficient

No water pressure
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5.1. Upstream slope optimization

As opposed to the customized design we first started slope
analyses with a 2.5 horizontal/1 vertical upstream slope to check
whether the slope is sufficiently safe instead of analyzing the
slope 3 horizontal to 1 vertical upstream slope which was chosen
in the original design. Then, we obtained that calculated safety
factors for the end of construction and full storage cases of the
upstream slope are 1.39 and 1.58 respectively (Fig. 3 and 4) which
are much higher than the required minimum value of 1.2 in case
of earthquake effect.

¢4 33 66 56 i 7E 1o

Fig. 3. Ten most critical sliding surfaces and minimum safety
factors of Upstream slope of the Dam: Slope is 2.5H/1 V for the
end of construction case with 0.2g earthquake coefficient

As seen on the figures, safety factors for the 2,5H/1V slope
for full storage case with the earthquake coefficient of 0.2g are
quite high (almost 1.6) comparing to the safety factors of the end
of construction case. In both cases, calculated lowest factor of
safeties for critical sliding surfaces are still much higher than the
required Turkish criteria wherein factor of safety of the dam
slopes has to be higher than 1.2 for earthquake cases. The reason
for increasing of safety factors when reservoir water is full that
the water pressure acts directly on the upstream of the
geomembrane which positively increases the shear strength of the
failure surfaces.

Thus, it is concluded that the upstream slope of the dam with
3H:1V is over conservatively and uneconomically designed
which means that the slope is so gentle. Even 2.5 horizontal to 1
vertical slope is found quite safe for both loading cases. So, it is
concluded that the upstream slope of the dam was designed
conservatively and costly. This showed us how important to find
an optimum solution for the upstream slope design of the Kizik
dam.

88 7%

Fig 4. Ten most critical sliding surfaces and minimum safety
factors of Upstream slope of the Dam: Slope is 2.5H/1 V for the
full storage case with 0.2g earthquake coefficient

Then the upstream slope is taken as 2 horizontal to 1 vertical
to seek further whether more economical solution is possible
along with safety. In this case, minimum calculated safety factors

www.ejosat.com ISSN:2148-2683

for ten most critical sliding surfaces are around 1.0 (Fig.5) for an
earthquake coefficient of 0.2g which is lower than the required
1.2 meaning slope is not so safe in this situation and the slope is
almost limit equilibrium state with values of 1.0.

However, a designer may still consider that this slope may be
accepted as safe since there will be no reservoir water at the end
of construction to danger livings downstream in case of any slope
failure. In addition, Kizik dam will also never completely become
empty during operation after the reservoir was filled. So, when it
has a full reservoir 2H/1V upstream slope becomes quite safe even
in case of the earthquake effect with a minimum safety factors
around 1.3 (see Fig. 6). The reason for increasing of safety factors
in full reservoir case is due to the water pressure acting directly
on the upstream of the geomembrane which increases the shear
strength of the failure surfaces. Since, the dam is an irrigation
dam, then only five months of irrigation season, reservoir water
level decreases gradually and partly until the minimum water
level. So, most of the year dam will have full storage and the other
times will operate with partial upstream water pressure. Partial
water pressure even causes some increase in the slope safety
factor values in some degree. In addition, the risk of an earthquake
strike to the dam along with five months of irrigation and to the
time in which the reservoir water is at the lowest level is quite
low.

REEERESR
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Fig.5 Ten most critical sliding surfaces and minimum safety
factors of Upstream slope of the Dam: Slope is 2H/1 V for the end
of construction case with 0.2g earthquake coefficient

Thus, we can conclude that even 2H/1V upstream slope is
sufficiently safe and can be chosen for the design as well since in
this case, bottom outlet structure length and embankment volume
considerably decrease which cause the dam to be much more
economical.

However, if a designer wants to stay on safer side, then it is
recommended that he/she should prefer 2,5H/1V slope which will
be sufficiently safe and less costly comparing to the original
design with 3H/1V slopes.

K2IK DAM-UPSTREAM SLOFE. FULL BTORASE EARTHOUAKE CASE -SLOFE 241V Satety Facus

00

1% 40 38 w0 8074 WORE 12153 A1 e

Fig.6. Ten most critical sliding surfaces and minimum safety
factors of Upstream slope of the Dam: Slope is 2.5H/1 V for the
full storage case with 0.2g earthquake coefficient
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5.2. Downstream slope optimization

The most critical loadings for the downstream slope are at the
end of construction and full storage cases. However, strength
properties will be same and pore water pressure will be zero
within the embankment for both cases resulting in same factor of
safeties in the slope stability analyses. Since, there is no seeping
water affecting downstream slope stability for geomembrane
faced dams due to geomembrane water barrier on the upstream
face of the dam, and dam is also always in dry state if
geomembrane is not damaged, material. So, calculated minimum
safeties for ten most critical sliding surfaces of downstream slope
of Kizik dam for end of construction and also full reservoir cases
are found a little higher than 1.2 (Fig. 7) indicating that
downstream slope is designed sufficiently safe and economical.
So, no need to make a steeper downstream slope.

KIZIK DOWNSTREAM SLOPE- END OF CONSTRUCTION + EARTHQUAKE-SLOPE:2.5H/1V Safety Factors
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Fig.7. Ten most critical sliding surfaces and minimum safety
factors of Downstream slope of the Dam: Slope is 2.5H/1 V for
the end of construction and full storage cases with 0.2g
earthquake coefficient

6. Other Considerations, Fundamental
Design and Construction Principles for
Large Geomembrane Faced Embankment
Dams

Beside other dam types, geomembrane faced dams should
only be considered to construct under those circumstances:

i) Reservoir volume < 1000000 m3,

ii)  Ifthere is no available good quality and/or sufficient amount
of clay core within economical distances

ii) If it is not possible to construct other conventional well

known dam types such as concrete faced or asphalt faced
embankments.
However, it may also be possible to design and construct
medium high geomembrane faced embankment dams with
quite large reservoir volumes. However in this case important
care have to be given for the design and construction since
any damage of the geomembrane face may result in seepage
erosion within the embankment and a complete failure of the
dam. So, if a designer decides to construct an embankment
dam with geomembrane barrier instead of impervious clay
core, then the designer has to give special care to those:

iv) Geomembrane should be located on the upstream face of the
dam instead of locating it within the embankment as a central
impervious core. Since a geomembrane liner on the upstream
slope of the dam resist whole reservoir water pressure from
the upstream side of the dam which increases normal forces
applied on the sliding surfaces and also increases the shear
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resistance along the sliding surfaces. On the contrast, if
geomembrane liner is located within the embankment as a
water barrier, then the earth fill becomes saturated at
upstream side of the membrane and dry at the downstream of
the membrane barrier wherein some differential settlements
and damages to the geomembrane barrier may occur.

v) Geomembrane has to be protected by geotextiles both ion top
and bottom of the liner

vi) Placement of the geomembrane at the valley abutments have
to be carefully done not to cause any seepage of the reservoir
water.

vii) Ifthe rock foundation is pervious and needs to make grouting,
then toe slabs at the abutments have to be provided and
geomembrane liner is extended the toe slabs and tightly fixed
there.

viii) Grouting has to be performed from the top of concrete toe
slabs.

ix) For cold regions, to prevent any ice force and disturbances on
the geomembraneg, it should be protected with some earth fill
materials like a sandy- clay fill on the upstream side,

7. Evaluations and Conclusions

For slope design of the geomembrane faced earth fill/rock fill
dams, some guidelines are summarized below:

v For upstream slope stability analyses, the most critical cases
are i)at the end of the construction ii) Full storage and
minimum storage level at the end of the irrigation session for
irrigation purposed dams.

v For downstream slope stability analysis, critical loadings are
as same as those in conventional earth fill/rock fill dams with
a clay core wherein those cases are i) At the end of the
construction ii) Full of reservoir.

v For full storage case, dynamic reservoir water pressure acting
on the geomembrane barrier due to an earthquake should not
be taken into consideration in limit equilibrium slope stability
analyses to stay on the safer side. Since this dynamic water
pressure causes additional pressure to the static water
pressure and then cause strength increase along the sliding
surfaces.

In conclusion, in this study, safety of the outer slopes of the
conventional type earth fill dam, Kizik Dam is first checked by
running circular type slope stability analyses. Then, optimum
slopes are also determined in terms of safety and economy. The
downstream slope is found sufficiently safe and economical.
Therefore, it is not changed. However, since upstream slope is
designed conservatively, this slope is designed steeper with a
2.5H:1V slope. So, upstream slope become more economical.
Thus, the other dam facilities such as spillway and derivation
structures also become much more economical since their lengths
is possible to be less.

Finally, we can concluded that well-constructed undamaged
geomembrane faced earth fill dams may be safer than
conventional embankment dams with a clay core. Since, as
opposed to the conventional earth fill/rock fill dams with a clay
core, in geomembrane faced embankment dams, water pressure
acts only on the upstream geomembrane. This means reservoir
water does not act within the embankment to cause pore water
pressure which decreases shear strength along the sliding surface
and also may cause piping or soil erosion due to seepage within
the embankment.
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