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Nowadays, computers and smartphones, tablets and other electronic gadgets have
become indispensable for human life. Human health is paramount. It is very important
to know the use of robotic applications in the health sector and to closely follow the
general developments related to this issue. The human brain is in a constant state of
interaction with this technology. The specialties formed by the adaptation of
nanotechnology to human health; tissue engineering is very important for people.
Artificial intelligence is one of the greatest engineering works in the history of mankind
and the world. Artificial Intelligence technology has become a field that humanity has
often heard about with the increase of epidemic diseases. Artificial intelligence is the
ability to exhibit human-like behavior. Artificial intelligence has the potential to make
scientific research, an area where people focus, much more efficient and increase the
speed of scientific research by a factor. In this study, the importance and usability of
machine learning in human health were investigated by literature review. The results
obtained from different studies are shown in the figures.

C_\ check for
updates

1. Introduction

Before defining artificial intelligence, we need to know the definition of intelligence. Intelligence can be briefly
called the abilities of a person to think, reason, perceive, understand, judge and draw conclusions from real events.
In addition, Intelligence can also be seen as the ability of the mind to learn, take advantage of what has been
learned, adapt to new situations and find new solutions. Intelligence, in other words, can be called the ability to
adapt to technological events that can be developed through education, training, knowledge, accumulation and
experience [1]. Artificial intelligence is the process by which the human brain, non-organic systems (computer,
program, robot, etc.) based on its functions. Who thinks like a human, perceives like a human, interprets like a
human, analyzes like a human and makes decisions like a human after all these stages). Scientists have defined
artificial intelligence differently. For example, artificial intelligence is the science of computer programs that
imitate intelligent behavior, and artificial intelligence is the science of converting things into machines that require
intelligence when done by humans [2-4]. Artificial intelligence is also used in other fields besides the health field.
For example, when current studies are examined; the interaction of artificial intelligence and space design has
been evaluated in today's design education. In the research, the interaction of artificial intelligence and space
design was compared in today's design education [5]. The artificial intelligence index was investigated with the
use of doubt in favor approach. In order to investigate the impact of artificial intelligence talent, capacity and
potential levels of countries on their economic development, the relationship between Artificial Intelligence Index
scores and category shares and economic development indicators has been deciphered with graphs [6]. The ability
to control the military with artificial intelligence The global management of artificial intelligence from the
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perspective of international security has been studied. At the end of the study; the idea that the global management
of artificial intelligence can be realized with an effective international border organization emerges [7].

2. Material and Method

In this study, artificial intelligence and its sub-branch, machine learning, were investigated. Previous studies
have been examined by conducting a literature review. The usability of the lower branches of artificial intelligence
in the field of health has been investigated. The studies obtained at the end of the research are shared with
reference to the photos.

2.1. Artificial Intelligence (AI)

A number of processes have been left behind by artificial intelligence scientists. Some scientists define artificial
intelligence as "the study of mental abilities using computational models." Other scientists, artificial intelligence a
modern approach’, 4 Al can be classified under the title of description in the book of like-minded people, systems,
system of systems that behave like rational human beings maintain a rational system [8-9]. Artificial Intelligence
and its subsets are given in Figure 1 in the form of a photo.

Turing Machine Phase Transition

N
Turing Machine @*V @‘ ,
L 2
@O

[o TiJToli1Jo[1Jol[1Jo]

Turing Machine Definition

Figure 1. Artificial Intelligence and its subsets [10]
2.2.Literature Studies on Artificial Intelligence in the Health Sector

The use of artificial intelligence in the health sector continues rapidly. Artificial intelligence can also be used
for dentists and oral health. At a time when human health is the most important; health services are one of the
fastest growing sectors in the health sector, covering the diagnosis, treatment and prevention of oral diseases in
general. For example, diagnosis is of great importance because tooth deficiencies cause malocclusion, loss of
function and aesthetic problems in individuals. In dentistry, intraoral or extra-oral radiographs are used to detect
tooth deficiencies. For example: in a study; the artificial atom algorithm of the individual-specific optimal nutrition
program was used [11]. In a study, the lateral buckling behavior of hybrid composite materials was estimated
using the Artificial Neural Networks (ANN) tool using test data on the effects of different environmental conditions
and different fiber combinations [12]. In a different study, a pilot study on artificial intelligence was conducted to
detect tooth deficiencies from panoramic radiography using the deep learning method [13]. In a different study,
the diagnosis and predictions of periodontically weakened teeth were investigated using an artificial neural
network algorithm [14]. They shared the software studies they developed on the detection of dental caries and
dental problems in X-ray images using artificial neural networks and the diagnosis and classification of caries in
digital radiographs with the literature [15-16]. In different studies, MRI images were associated with a deep
learning model. In this way, it is believed that the specialist radiologist can reach the result more efficiently and in
a short time [17].

2.3.Machine Learning

Machine Learning (Machine Learning) is a branch of artificial intelligence that uses statistics and computer
science and has recently become very popular. Machine learning is all algorithms that mimic human intelligence.
However, it does not need rules that we interpret and enter manually. In the machine learning model, learning
occurs in the form of teaching-teaching (education) and testing (testing). At the learning stage, a learning model is
created by learning algorithms and features to the system using examples from the dataset. At the experimental
stage, estimation is made for the trial data with the learning model application Engine [11-18].
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2.4.Deep Learning, Robotics, the Method of Artificial Neural Networks and Genetic Algorithms

Deep learning is a machine learning method consisting of multiple layers that predicts outcomes with a specific
set of data. Deep learning, machine learning and artificial intelligence are terms that have different meanings from
each other. Deep learning has been described as a class of machine learning techniques that use many nonlinear
hidden layers for supervised or unsupervised feature extraction, transformation, pattern analysis, and
classification [19]. Artificial intelligence is used in tumor diagnosis in the health sector. Early detection of tumors
is very important for human life. To facilitate this situation, the Machine learning method and deep Learning
Algorithms (DLAs) are based on a kind of artificial intelligence and machine learning, which occurs by imitating
the way people acquire information [20-21]. The mathematical modeling given below can be used to detect tumor
cells by deep learning [22]. The mathematical modeling equations used in this regard are given below [22].

TP+TN

Accuracy = T (1)
Sensitivitly = —— (2)
Precision = —— (3)
Specificitiy = mrfrp (4)

F1 Score = S ettty (5)

In different studies, more than one model has been identified to diagnose dental caries using deep learning or
to detectlesions on dental x-ray images. The results obtained are close to the truth [23-26]. An example of a sample
tooth structure analysis and caries labeling is given in Figure 2.

Dentist's tagging Deep learning model

Figure 2. An example of tooth structure analysis [26]

Red: Caries, Blue: Enamel, Green: Dentin, Yellow: Pulp, Orange: Metal restoration, Sky blue: Restoration, Brown:
Gutta percha, Black: Background [26].

In a different study, evaluations were calculated at the caries component level to evaluate the performance of
dental caries detection [26-27].

For each object class, An Average Precision (AP) is defined [27].

FP-False Positive,
FN-False Negative,
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1
AP = — Z Pmrnp(r) (7)

11 re(0.0,0.1.....1.0}

Where Pinterp (1) is the maximum precision for any recall values exceeding [27].

Pmrrrp{r} o ’:."' P(f] (8)

Finally, the mean average precision (mAP) is calculated as an average of Aps for all object classes:

mAP = !

ZAP 9)

v
Nelass

It is known that there will be a number of innovations in human life with robotic applications that are the basis
of artificial intelligence. With robotic applications, computers and electronic robots are integrated with the
principle of compatibility, the result of which is artificial intelligence, especially used in industry and cutting-edge
technology, production and design robots are made with the help of computers. Figure 3 shows a symbolic robot
produced by coding [28]. Artificial neural networks are a branch developed inspired by the human brain. Each
one with its own memory and processing elements are connected through weighted links of parallel and
distributed information processing structure. Artificial neural networks find wide application in many fields of
science today due to these learning and generalization features and demonstrate the ability to solve complex
problems successfully. Genetic algorithms, a sub-Dec branch of artificial intelligence, are a search and optimization
method that works in a similar way to the evolutionary process observed in nature. It seeks the holistic best
solution according to the principle of survival of the Dec in the complex multidimensional search space [28-30]. It
has been researched with a literature study that it can be applied in the field of Artificial Intelligence, Food
Engineering, Epidemic Artificial Intelligence (Robots) and Law [31-32]. As a situation where artificial intelligence
becomes visible in every field as in the health sector. A photo of Al and Machine Learning is provided [33]. A photo
of Al and Machine Learning is given in Figure 3.

Al - Artificial Inteligence

ML - Machine Learning
DL - Deep Learning

NN - Neural Networks

Figure 3. A photo of Al and Machine Learning [34]

Deep Learning is a large family of methods for machine learning based on artificial neural networks. Artificial
neural networks are computational models based on the simplification of biological neural networks. Figure 4
shows an example of a neural network [35].
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hidden layer
( n=15 neurons)

output layer

W oW

m &

input laver

(784 neurons)

N

Figure 4. Example of neural network [35]

As can be seen in Figure 6, they can consist of many nodes or neurons and multiple layers of neurons. As the
number of neurons and layers increases, the network can represent more complex nonlinear functions [36].In a
study, the classification of brain tumor images by deep learning methods was investigated. In another study, it was
investigated that doctors can diagnose sick people early. In the study, Alexnet, Googlenet and Resnet50
architectures, which are deep learning architectures, were used to detect brain tumor images. The highest
accuracy rate was achieved on the Resnet50 architecture. It is thought that the accuracy value of 85.71 percent
obtained as a result of the experiments will be improved in future studies [37]. The experiment was conducted for
automatic segmentation of the brain system. The BRATS2015 data set was used in the experiment [38]. In a
different study, the semantic segmentation approach for volumetric 3D brain tumor segmentation from
multimodal 3D MRI was investigated. The photo of the study is given in Figure 5.

True

Predicted

Figure 5. 3D brain tumor segmentation from multimodal 3D MRIs [38]
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In a different study, it was estimated how quickly a malfunction in the machine could occur. Algorithm models
between the generated sensor data and the malfunctions Decayed in the machines were used [39]. The
segmentations obtained by Deciphering a Distinction between brain tumors and deep learning in a different study

are given in Figiure 6 [39].

Flair Without Post processing With post processing Tumor

Figure 6. Telemetry data example literature [39]

In a different study; a user interface-based tool was produced for tumor segmentation visualization. The
interfaced program obtained from brain tumor segmentation and commands is given in Figure 7 [40].

CeepBrmmSes

DeepBranseg

e OV G PV T

TView

save = rue

Figure 7. Brain tumor segmentation and creation of commands [40]

Deep learning has been highly preferred in the field of health. Previous studies related to this are given in Table
1 [41].
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Table 1. The use of deep learning in the field of health [41]

S/n Author Year Title
Published

1 Shin et al. [24] 2016 Deep convolutional neural networks for computer-aided detection: CNN architectures, dataset
characteristics and transfer learning

2 Esteva et al. [69] 2017 Dermatologist-level classification of skin cancer with deep neural networks

3 Havaei et al. [78] 2017 Brain tumor segmentation with deep neural networks

4 Kamnitsas etal. [21] 2017 Efficient multi-scale 3D CNN with fully connected CRF for accurate brain lesion segmentation

5 Zhang et al. [120] 2015 Deep convolutional neural networks for multi-modality isointense infant brain image
segmentation

6 Iglesias etal. [121] 2015 Multi-atlas segmentation of biomedical images: a survey

7 Greenspan etal. [14] 2016 Guest editorial deep learning in medical imaging: Overview and future promise of an exciting
new technique

8 Tajbakhsh ct al. [26] 2016 Convolutional neural networks for medical image analysis: Full training or fine tuning?

9 Pereira et al. [77] 2016 Brain tumor segmentation using convolutional neural networks in MRI images

10 Milletari et al. [20] 2016 V-net: Fully convolutional neural networks for volumetric medical image segmentation

11 Rothetal. [122 2016 Improving computer-aided detection using convolutional neural networks and random view
aggregation

12 Cigek etal. [123) 2016 3D U-Net: learning dense volumetric segmentation from sparse annotation

13 Sirinukunwattana et 2016 Locality sensitive deep learning for detection and classification of nuclei in routine colon cancer

al. [72] histology images
14 Anthimopoulos et 2016 Lung pattern classification for interstitial lung discases using a deep convolutional neural network
al. [124]

15  Setioetal. [125] 2016 Pulmonary nodule detection in CT images: false positive reduction using multi-view
convolutional networks

16  Xuetal [73] 2016 Stacked sparse autoencoder (SSAE) for nuclei detection on breast cancer histopathology images

17 Roth et al. [126] 2015 Deeporgan: Multi-level deep convolutional networks for automated pancreas segmentation

I8 Moeskops et al. [76] 2016 Automatic segmentation of MR brain images with a convolutional neural network

19 Suketal. [97] 2015 Latent feature representation with stacked auto-encoder for AD/MCI diagnosis

20 Baretal. [127] 2015 Deep learning with non-medical training used for chest pathology identification

As can be seen in Table 1, there are studies related to cancer cells and tumors, especially through artificial
intelligence. These studies are very important for the early diagnosis of diabetes, brain disorders, cysts that occur
in the tooth and other diseases. Studies related to the analyzes made using artificial intelligence and mathematical
programming are currently included in the literature [41-43].

3. Conclusion

In this study, literature studies on the applicability of Artificial Intelligence and its sub-branches in the field of
health were examined. In the study, the definition of artificial intelligence, its sub-branches, and its applicability in
health fields were investigated. The availability of artificial intelligence in the health and medical sector has
emerged. As a result of the study, the following results were obtained: It is believed that artificial intelligence
techniques can be successfully applied in the field of health and medical. It was concluded that it can be achieved
with a high degree of success in solving various dental problems. It is thought that the use of robots can contribute
to the health sector and physicians. It is thought that the desired goals can be fully achieved in the field of the
health sector with the lower branches of artificial intelligence. Using the records in the hospital database, it is
thought that online doctor robots, robots that can perform surgical procedures and nurse robots will play an
important role in our lives in the future. In the field of health and medicine, health management with machine
learning and artificial intelligence, artificial limb (arm, eye, etc.) applications, analysis of heart sounds, sound
analysis for the deaf, classification of respiratory sounds, analysis of side effects of drugs, it is believed that useful
studies can be produced by people.
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Keywords Abstract
Calcite Quarry Calcite is a significant industrial raw material used in many fields owing to its properties. For
Structural this reason, determining the calcite quarry's geological and geochemical characteristics
Geochemical promotes the sector. This study was carried out to explain the geological and geochemical
Raw material properties of the marble blocks of Paleozoic metamorphics located in the Biga peninsula. The
length of this area, operated as a calcite quarry, is 350 meters, and its width is around 50
Research Article meters. Although alterations are partially observed due to the effect of faulting, the alteration
Received: 23.09.2022 is quite low in the main production area. Secondary minerals are rarely seen in fractures and
Revised: 22.10.2022 cracks in marbles that display texturally granular texture. In geochemical analyzes, CaO values
Accepted: 02.11.2022 are around 55%, and MgO values are quite low. Structural elements in the region show that
Published: 14.11.2022 the region has gone through two separate deformation phases. These are NW-SE direction
compression and NW-SE direction tension, respectively. Rose and point-contour diagrams
% check for obtained from the joint values measured in the calcite field confirm these deformation phases.
| updates The structural condition of the calcite quarry in terms of operation is compatible with its other

characteristics. These data show that the calcite quarry suggests remarkably useful properties
in terms of industrial raw materials.

1. Introduction

Limestone consists of calcite, whose chemical formula is CaCOs3 (calcium carbonate). It is largely used in many
sectors in aggregate, powder, block, etc., owing to its physical and chemical properties [1]. The most important
sectors are metal, paper, ceramics, chemistry and construction. For this reason, it is inevitable to research
limestone, an extremely remarkable industrial raw material, and determine its physical and chemical properties.

The quality of the calcite mineral is determined by its grain diameter, color and chemical purity [2-3]. The
hardness of pure calcite is three according to Moh'’s scale, and its specific gravity is around 2.6-2.7 g/cm3 at 20°C
[3]. Carbonate rocks consisting of calcite with these properties are generally used as aggregates. To satisfy this
need, the geological and geochemical characteristics of the calcite quarries should be explained.

When the geological framework of Turkey is reviewed, significant carbonate belts stand out. While some belts
spread in relatively long and continual areas, a block or lenticular structure occurs in some areas for tectonic
reasons. This study explained the geological and geochemical properties of the limestones in the Biga (Canakkale)
peninsula in Western Anatolia.

Western Anatolia has led to much research due to its complex geological structure. The stratigraphic base of
the Biga peninsula consists of units belonging to the Sakarya continent. Sakarya Zone [4] consists of Kazdag group
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metamorphics and the Karakaya complex [5]. The Kazdag group comprises pre-Permian amphibolite facies
metamorphic rocks that have undergone metamorphism [6]. Metamorphic rocks are still cut by Upper Paleozoic
granitoids (Camlik meta granitoid [5], S6giit granite [7], Kavsarali unit [8] and Yolindi metagranite [5]). In the
region, which has a remarkably complex geological structure, there are large carbonate blocks in metamorphic
rocks. These blocks are used as calcite quarries, and the geological and geochemical data of this quarry are
exceedingly limited. For this reason, it will be very beneficial for the industry in the region to explain the geological
features of the calcite quarry.

2. Material and Method

A 1/10,000-scaled geological map of the study area was drawn up. The contact relations of the units were
completed in the field and redrawn in the Corel Draw program. In supplement, thin sections of the samples
collected from the calcite quarry were made in ITU-JAL and examined under a polarizing microscope. Eventually,
the geochemical analyzes of the samples were carried out with the X-ray fluorescence (XRF) spectrometer method.
The X-ray diffraction analysis (XRD) method was preferred for mineralogical identification.

In addition to these basic analyses, joint measurements were carried out in the calcite field. In addition to the
regional structural evaluations, point-contour and rose diagrams were prepared, and the states of the effective
force regimes in the region were determined. For this study, the Stereo-net program was used.

The data gathered were described in the office.

2.1. Geological Background

Pre-Tertiary rocks in the district crop out in tectonic belts, which spread in a NE-SW direction [5]. These
tectonic zones consist of the izmir-Ankara zone, Sakarya zone, Cetmi mélange, and Ezine zones from east to west,
respectively.

The study area is located in the Sakarya zone defined by Sengér and Yilmaz [9]. Kazdag metamorphics and the
Karakaya complex come together with tectonic contact. According to the Turkish Tectonic Units [10], the study
area is located within the Paleozoic-Early Mesozoic subduction-subduction complex (Figure 1).
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Figure 1. Tectonic location map of the study area (Modified from Sengor et al. [10])

The base of the study area is the Kalabak Unit. Within this unit, there are Torasan formations and Camlik
Metagranodiorites are observed. The Torasan formation, which mainly includes phyllites, schists, metarhyolite,
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marble blocks and metaserpentinite blocks, is cut by the Camlik Metagranodiorites. As a result of the deformations
that occurred in the province, these two units belonging to the Kalabak Unit came together in some areas with a
tectonic contact. The Karakaya formation of the Karakaya complex overlies this basement unit with angular
unconformity. The contact of this unit, which consists of metamorphic rocks, with the basic units is generally
tectonic (Figure 2).

EXPLANATION

SYSTEM
SERIES
FORMATION

UPPER SYSTEM

LOWER-MIDDLE

MESODZOIC
TRIASSIC
KARAKAYA
FORMATION

41.000
MARBLE MEMBER

SERPANTINITE
MEMBER

KALABAKUNIT

UPPERPALEOZOIC

SYMBOLS

DIRECTION AND SLOPE

CONTACT

40.000

/zo
.
/ DIP SLIP FAULT
Z

30,000 31,000 STRIKE SLIP DAULT
w * E N
_-~ ROAD

! ;
.~ DRY STREAM
SCALE STR
500 0 500 / STREAM
Metre

Figure 2. Geological map of the study area

Detailed investigations were implemented in the calcite quarry area, which is included in these lithologies and
defined as the Marble member. The mineralogy, petrography and geochemistry of the rock, along with the
structural relationship of the marble contact, are explained.

2.2. Characteristics of Calcite Quarry

The study area has an already operated calcite quarry east of Degirmen creek. This quarry operated using the
calcite mineral belonging to the Marble blocks in the Torasan formation. Located on the site in a northwest-
southeast direction, this marble block is approximately 350 meters long and 50 meters wide. This unit is cut by
two NE-SW and NW-SE direction faults.

In the enterprise opened at 540 m elevations of the unit, it is observed that it is bordered by a fault along the
dry stream and is in the form of a lens in the Torasan formation (Figure 3). The field easily recognizes its
weathering color and morphological features (Figure 4a). In the continuation of the unit towards the northeast, it
is observed that the alteration color turns dark grey-blackish grey (Figure 4b).
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Figure 3. Geological cross-section of the calcite quarry district (without scale)

Figure 4. General view of a. calcite quarry; b. Marble

2.3.Petrography

When the macroscopic properties of the samples collected from the field were examined, it was determined
that the color was white-grey, heterogeneous color distribution and medium-coarse grained. It reacts when
treated with 10% HCI acid, and no decomposition is observed in the hand samples.

Thin sections of the same samples were examined under a polarizing microscope. The examination determined
that the rock has a crystalline mosaic texture (Figure 5). The rock is monomineralic and consists entirely of calcite
crystals. Opaque minerals and quartz-type silicate minerals are remarkably rare. No alteration-decomposition is
observed except for the iron oxide yield. The frequency of fissures and cracks is low in micro terms of the rock. It
is seen as very plain and homogeneous regarding mineral content and structural elements (Figure 5).

A

Figure 5. Microphotograph of marble (Abr: cal, calcite)

X-ray diffraction (XRD) analysis of the sample collected from the field was performed, and calcite mineral was
detected (Figure 6).
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Figure 6. XRD analysis of the calcite sample

3. Geochemistry

In the calcite field, three drillings were made before. Samples representing the field were compiled from the
cores of these drillings. Samples from 12, 15, 30, 82, 162, and 212 meters were selected in the sounding, where the
calcite lens is the thickest. Detailed geochemical analyzes of the samples obtained from different meters were

made.
The major oxide (%) values of the samples taken from the field are given in Table 1. It is recognized that the

SiO2 concentration in the samples is between 0.1-1%, the MgO concentration is between 0.27-0.66%, and the CaO
concentration is around 55%, respectively.

Table 1. Major oxide concentration (%) of the calcite specimens

SA(“;'/SLE BC-1(12m) BC-2(15m) BC-3(30m) BC-4(82m) BC-5(162m) BC-6 (212 m)
Si02 0,05 0,99 0,20 0,11 0,04 0,11
ALOs 0,03 0,10 0,03 0,05 0,00 0,04
Fez0s 0,01 0,03 0,05 0,05 0,02 0,02
MgO 0,66 0,48 0,27 0,57 0,62 0,60
Ca0 55,73 55,91 55,66 55,75 55,25 55,82
K20 0,00 0,00 0,00 0,00 0,00 0,01
Ti0s 0,00 0,00 0,00 0,00 0,00 0,00
P20s 0,01 0,01 0,01 0,02 0,01 0,00
MnO 0,00 0,01 0,01 0,00 0,00 0,00
LOI 43,47 42,42 43,74 43,41 44,01 43,35
TOTAL 99,95 99,95 99,97 99,96 99,95 99,95

4. Structural Geology

Metamorphic rocks constitute the dominant lithology in the study area. These rocks have lost their original
position due to deformations in the region. Considering the structural elements in the region, it is possible to say
that the region has undergone two separate deformation phases. When the types and directions of the faults are

examined:
It can be said that NW-SE is trending dip-slip faults (Figure 7) and NE-SW trending strike-slip faults developed

as a result of NW-SE trending compression in Phase 1 (Figure 8).
In Phase 2, due to an NW-SE trending tension, NE-SW trending dip-slip faults are observed to develop and cut

the NW-SE trending dip-slip faults (Figure 2).
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Figre 7. The general rending dip-slip fault cutting the Calcite Qu
Southwest to the Northeast). Abbreviations: Pzt; Torasan formation, Pztm; Marble Member

Figure 8. General view of the right-lateral strike-slip fault observed in the Karakaya formation west of the
Karaandiz district (looking from the southeast to the northwest)

The study area has undergone intense deformation, and the units have faulted within themselves. The contact
relationship of the lithostratigraphic units is generally tectonic. It is seen that it is difficult to determine the contact
relationships due to the dense vegetation. However, these faults can be detected, especially along eroded streams.

Joint measurements were carried out for the deformation analysis of the calcite quarry located in the study
area. Fifty joint measurements and kinematic analyzes were made at two different locations.

For the kinematic analysis of the measured joints, point-contour and rose diagrams were prepared (Figure 9-
10-11).

According to the rose diagrams (Figure 9), N50E tension and N40W compression were detected at Location 1,
and N20E tension and N40W compression at Location 2.

In addition, the prepared point-contour diagrams (Figure 10-11) give a result that supports the rose diagrams.
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Figure 11. Point-contour diagram of the 2nd Location’s joints

114



Engineering Applications, 2022, 1(2), 108-116

5. Conclusion

The geological and geochemical characteristics of the Marble member of the Torasan formation located on the
Biga peninsula were explained. The contact relationships of the Marble member, considered a calcite quarry, were
determined. This unit, which extends approximately NE-SW, has a length of approximately 350 meters and a width
of approximately 50 meters. Petrographic and geochemical explanations of calcite, a useful mineral in the marble
member, were carried out. As a result of the study, it was determined that the calcite in the quarry, which was
observed as a block, was medium-coarse crystalline, was less affected by deformations in terms of fractures and
cracks, the alteration was at low levels, the CaO value was around 55%, and the MgO content was quite low. The
variation of Ca0O and MgO values according to the drilling points is given in Figure 12.
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Figure 12. CaO and MgO concentrations (%) of the samples
When the region's structural elements and joint measurements were evaluated together, it was determined

that there were similar compression and tension regimes. In terms of business, it is very important to reveal the
deformation structures of the region and the calcite quarry.
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1. Introduction

The term neurodegeneration is formed by the combination of the word’s neuron meaning nerve cell and
degeneration meaning loss of function [1].

Neurodegenerative diseases include the group of diseases that result in death, the mechanism of formation has
not yet been fully elucidated and there is no definitive treatment. One of the main reasons why these diseases
cannot be treated is that neurons lack the ability to divide or have very little ability to divide. However, recent
studies show that it is possible to treat neurodegenerative diseases with stem cells [1].

Alzheimer's disease (AD) is one of the most common neurodegenerative diseases. This is followed by
Parkinson's disease (PH) and amyotrophic lateral sclerosis (ALS), Huntington's disease, frontotemporal dementia,
spinocerebellar ataxias, spinal muscular atrophy (SMA). As a result of these diseases, abnormal symptoms such as
cognitive disorders, limitations in mobility, difficulties in speaking, breathing difficulties, memory loss are
observed [1].

Basic molecular changes in the formation of neurodegenerative diseases; It includes many molecular changes
such as regression and positive aggregation, accumulation of specific proteins in the cell, protein abnormalities in
the cell, anatomical fragility of the 3D structure of proteins, neuronal abnormalities, apoptosis mechanism
characterized as programmed cell death, inflammation, intracellular oxidative and proteomic stress. In addition to
these, among the factors that increase the risk of developing neurodegenerative disease, hormone levels, caffeine-
containing food use, infection status, age and gender are also counted. Especially with the increase in age, the risk
of developing neurodegenerative diseases increases as well. However, the vast majority of these diseases are
known by postmortem autopsy [1].

The basis of the grouping of neurodegenerative diseases under the common disease group is to consider the
diseases mentioned one by one and to examine the formation processes of these diseases in determining their
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pathogenesis. These diseases are grouped and named as neurodegenerative diseases, with the findings of genetic
and molecular changes between diseases meeting at a certain point [2].

Studies on the treatment of neurodegenerative diseases, which have become more common in the last 40 years
due to the increase in age in human populations, have gained momentum with modeling. The models used can be
3D as well as animal models. With the animal models created, it is aimed to illuminate the multifaceted structure
of neurodegenerative disease or diseases. The created animal models simulate the nature of the disease.
Transgenic mice are the most commonly used animal models [1].

Apart from modelling, treatment methods in neurodegenerative diseases are researched and developed with
genome sequencing techniques and next generation sequencing technologies [1].

2. Parkinson's Disease

Parkinson's disease is the second most common neurodegenerative disease after Alzheimer's disease that
causes neuromediator dysfunction affecting the central nervous system, peripheral nervous system and enteric
nervous system. Parkinson's disease, which is known as movement disorder, is one of the slow progressing
neurodegenerative diseases, which is generally seen in advanced ages. Until the disease is diagnosed, neuronal
losses have greatly increased [3-4].

The etiology of the disease is not yet fully known. However, there are factors that increase the risk of
Parkinson's disease [3-4].

2.1. Epidemiology of Parkinson's disease

Parkinson's disease is the second most common neurodegenerative disease that occurs in middle and advanced
ages, progresses progressively and spreads over long periods such as 10-20 years [5]. It affects 1%-2% of people
over the age of 65 and 4% of people over the age of 80. The incidence is higher in men than in women [5]. It is
known that Europeans are more affected by Parkinson's disease than Asians [5].

2.2. Pathophysiology of Parkinson's disease

Parkinson's disease is associated with the accumulation of a-synuclein proteins in cytoplasmic inclusions
called Lewy bodies in neurons and the loss of dopaminergic neurons and the loss of these losses in the substantia
nigra from the basal ganglia [6].

The accumulation of a-synucleins in the Lewy body is widespread in the neocortical and cortical regions of the
brain. Lewy bodies formed by the accumulation of a-synucleins damage the connections between neurons and
stop neuronal transmission and neurotransmitter secretion [6-7].

It develops due to neuronal losses of substantia nigra pars compacta (Snpc) cells in the brain stem that secrete
dopamine. Dopamine is a neurotransmitter chemical and is involved in many important events that occur in the
brain, such as metabolic activities, physiological movements, and neuronal transmission. The SNPC region of the
brain contains approximately 800,000 cells, and approximately 60%-80% of these cells must be lost for a diagnosis
of Parkinson's disease [8]. The rate of disease seen from the mentioned genetic and molecular factors is around
5% - 10%.

Mitochondrial dysfunction and increased oxidative stress due to increased mitochondrial dysfunction are also
involved in the pathosiology of Parkinson's disease. The increase in oxidative stress in the cell results in neuronal
losses and is associated with Parkinson's disease. In addition, the ubiquitin-proteosomal system is also involved
in the development of Parkinson's disease. As a result of all these molecular changes, misfolded proteins
accumulate and pave the way for Parkinson's disease [9].

Figure 1. Close-up imaging of Lewy body accumulation in cytoplasmic inclusions in neurons
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2.3. Clinical manifestations of Parkinson's disease

Depending on the pathophysiological findings associated with Parkinson's disease, stiffness in the joints, also
called rigid limb, due to neuronal losses and lack of transmission between neurons, muscle tremors called resting
tremor, muscle spasms called dyskinesia, slowed movements called bradykinesia, decreased voluntary
movements called akinesia, It has many clinical symptoms such as difficulty in standing upright, posture disorder,
excessive salivation called salivation, difficulty in swallowing called dysphagia, slowing of bowel movements called
constipation and consequent constipation, inability to smell, depression, anxiety, sleep fragmentation [10].

2.4. Treatment of Parkinson's disease

There is no cure for Parkinson's disease yet, and existing treatments reduce the patient's symptoms.
Medications used for treatment contain the active substance dopamine. In the drug treatment administered to the
patient, the response to the active substance is measured [10].

2.5 Genes responsible for Parkinson's disease

Among the genes responsible for Parkinson's disease, PINK1, DJ-1, PRKN, SNCA, PLA2G6, ATP13A2 and FBOX7
are counted [11].

PINK1: This gene is also known as PARK 6. It is an exonic gene encoding protein kinase. It has mitochondrial
activity and serine-kinase activity. Its effect in Parkinson's disease has been associated with causing mitochondrial
activity disorder. It is the second most common gene mutation in the formation of early Parkinson's disease. These
mutations include missense or nonsense mutations. The missense and nonsense mutations it creates are defined
and named as p.Gln129fsX157, p.Pro196Leu, p.Gly309Asp, pTrp437X, p.Gly440Glu, p.GIn456X [11].

DJ-1: This gene is also called PARK 7 and consists of 7 exons. It constitutes 1% to 2% of early Parkinson's disease.
It is responsible for performing neuroprotective functions and antioxidant functions. As a result of the mutation
of the DJ-1 gene, the protein forms conformational changes and goes into misfolding and degradation in the
proteomic way. As a result, neuroprotective and antioxidant functions are lost and Parkinson's disease occurs [11].

PRKN: This gene is also called PARK2. It is the second largest gene found in the human genome. It expresses the
parkin protein, which is 465 amino acids long. It is broad-spectrum, covering a large number of mutations. There
are 887 parkin mutations identified. As a result of mutations in this gene and loss of protein function, neurons
become vulnerable to cytotoxic effects, and Parkinson's disease occurs in this case [11].

LRRK2: This gene constitutes the most common mutations in the autosomal inherited form of Parkinson's disease.
50 different mutations are known. It is associated with the formation of Lewy bodies and neuronal losses with the
mutations it creates [11].

SNCA: This gene is responsible for the expression of a-synuclein proteins. Lewy bodies and brain pathologies are
seen as a result of mutations in this gene [11].

2.5. Environmental risk factors for Parkinson's disease

In the formation of Parkinson's disease, environmental factors as well as genetic factors have an effect on the
formation of the disease. Pesticides used as pesticides are at the forefront of these factors. Pesticides are pesticides
that are frequently used to combat weeds in agricultural areas. It has been observed that the risk of developing
late-onset Parkinson's disease increases in people who use paraquat and maneb derivatives and their ingredients
in the pesticide group used in agricultural areas [12].

Another environmental factor that increases the risk of developing the disease is the oxidative stress that
occurs after exposure to heavy metals. Oxidative stress occurs as a result of the accumulation of heavy metals in
the substantia nigra. This accumulation paves the way for Parkinson's disease. For example; It is known that lead,
one of the heavy metals, negatively affects the release of the neurotransmitter dopamine. It causes an increase in
lipid peroxidation, decreases antioxidant cell capacity, and as a result causes a-synuclein accumulation [13].

Another heavy metal is lead. It has been observed that the risk of developing Parkinson's disease is doubled by
examining the bone structure after exposure to lead [13].

Another heavy metal is manganese. Although manganese does not act as directly as other heavy metals, it is
effective in the formation of Parkinson's disease and the accumulation of a-synucleins. As a result of this
accumulation, in addition to the symptoms of Parkinson's disease, patients have symptoms called manganism and
seen after long-term exposure to manganese [13].
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In addition to heavy metals, the concentration of iron ions in the brain should not be above or below certain
levels, and the balance should be maintained. While iron deficiency causes disruption in motor functions, iron
accumulation due to iron excess forms the basis of neurological disorders [13].

It is known that there are environmental factors that increase the risk of Parkinson's disease, as well as effects
that reduce the disease. Among the mitigating effects are the use of cigarettes, alcohol or coffee. The nicotine
substance in cigarettes is a neuroprotective substance on its own. It has been observed that nicotine, which is a
neuroprotective substance, prevents dopaminergic neuronal toxicity by reducing it [14-15].

3. Amyotrophic Lateral Sclerosis (ALS) Disease

Amyotrophic lateral sclerosis is a progressive fatal neurodegenerative motor neuron disease associated with
the degeneration of neurons in the brain and spinal cord. Looking at the name of the disease, the word amyotrophic
means lack of muscle nutrition and characterizes the result of atrophy [16-17].

It results in the loss of neurons in the central nervous system, spinal cord, and brain stem. If the motor neurons
damaged in ALS disease are composed of upper corticospinal motor neurons, they cause uncontrolled movements
called muscle spasticity. If the damaged motor neurons are composed of lower motor neurons, it causes muscle
weakness. As a result of the loss of these neurons, various symptoms such as weakness in the legs and muscles,
muscle wasting, and swallowing dysfunction are observed. In the last stage of the disease, patients cannot have
voluntary muscle movements, so there are cases of paralysis. In addition to these, up to 10% of patients develop
dementia in addition to ALS. However, the dementia that occurs is not effective enough to cause the patient to lose
cognitive functions [16-17].

None of the studies within the scope of the treatment of ALS disease are in the direction of prevention of the
disease, but in the direction of reducing the symptoms of the disease. Drug treatments in use have antiglutamate
properties. In addition, one of the treatments used is stem cell therapy. However, successful results of stem cell
treatments applied and used have not been recorded [18].

3.1. The pathogenesis of ALS disease

A mutation in the gene encoding the antioxidant enzyme superoxide dismutase 1 (SOD1) plays a role in the
pathogenesis of ALS disease. The mutated SOD1 causes conformational change in the enzyme, resulting in
misfolding. In addition, ALS disease occurs as a result of incorrect or incomplete activity of the mitochondria
organelle. As a result of changes in the structure of motor neurons, axonal or neuronal disruptions, free radical
formation, glutamate excitotoxicity, and oxidative stress play an active role in the pathogenesis of ALS disease.
[16-17].

3.2. Factors that cause ALS

As with other neurodegenerative factors, environmental and genetic factors play a role in the development of
ALS. Environmental factors include many factors such as age, gender, exposure to electrical fields, pesticides,
fertilizers, insecticides, formaldehydes, air pollution, alcohol use, smoking and exposure to heavy metals. Genetic
factors that are effective in the development of ALS include factors such as familial gene mutations, viral infections,
autoimmunity-induced reactions and glutamate excitotoxicity. Only 10% of ALS patients are inherited familial and
genetically, while the remaining 90% develop sporadically. The age of onset of the disease varies between 50 and
75[19].

3.3.Use of models in ALS disease

Models are used to understand the pathogenesis of ALS disease and the expression levels of proteins and genes
involved in its pathogenesis, and to identify mutations that play a role in the formation of the disease. Although
these models do not fully represent the disease in the human body, they are used in the development of new
treatments, uncovering and examining unknown aspects of the disease. Models used in ALS disease can be animal
models as well as cell models [20].

3.4.Cell models in ALS disease

It is used to determine the proteins that accumulate and aggregate during the mutation process of the motor
neuron with the mutated SOD1 gene by cell models and to examine the toxic effects of these proteins. In the light
of cell models, it is aimed to develop methods to treat the disease, including the methods of isolating toxic proteins
from cells [20].
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In addition, it is a model of applying the desired changes in the genetic structure of the cells taken from the ALS
patient with stem cell models and creating induced pluripotent stem cells (IPSC) transplanted to the patient. The
created IPSC models are used to predict the therapeutic effects of drugs to be administered as drug therapy in
cells. One of the main reasons for the widespread use of this modeling is to transform the skin or blood cells of the
person into induced pluripotent stem cells as therapeutic cells [20].

3.5.Worm (nematode) model in ALS disease

C. elegans, one of the worm species that does not have a complex structure, can reach 1 mm in adulthood and
has 959 cells, is used. It has been observed that this species preserves its genes by preserving it much better than
humans. Since they have a 3-week lifespan and 3-day life cycle, and their 302 neurons have been mapped, they
allow healthy monitoring of motor neuron development and imaging under the microscope with fluorescent
markers [20].

3.6.Fruit fly (drosophila) model in ALS disease

The fruit fly is very similar to the worm models used in ALS disease. It is preferred because of the presence of
fly species with SOD1 gene mutation that causes ALS disease and the phenotypic characteristics of these fly species
as a result of ALS disease. It enables the development of drug treatments that are thought to be effective after the
phenotypic characteristics of fruit flies with ALS disease, which are described as rough eyes, are observed [20].

3.7.Zebrafish (danio rerio) model in ALS disease

It is preferred because the structure of motor neurons in zebrafish is similar to that of human motor neurons,
as in the fruit fly. Zebrafish are a type of fish that can be easily grown in a laboratory environment and reproduce
quickly. Likewise, the ability of zebrafish to insert the SOD1 gene, which is the most prominent gene mutation of
ALS disease, has made its use in modeling more convenient [20].

3.8.Rodent (mouse) model of ALS disease

The most commonly used animal in the modeling of ALS disease is the mouse, the rodent species. It is used as
an animal model thanks to its features such as having motor neurons similar to human motor neurons, having the
SOD1 gene mutation, which is the ALS disease gene, having a suitable size for stem cell and gene therapy studies,
rapid reproduction and easy breeding. At the same time, rodent-like creatures have a more complex nervous
system compared to other living things, allowing for the testing of treatment methods to be developed [20].

3.9. Imaging Methods of Neurodegenerative Diseases

Brain imaging technologies are the leading biomarkers used in neurodegenerative diseases, which are used to
diagnose neuronal activity or damage in the brain. These imaging techniques consist of different methods such as
magnetic resonance (MRI), computed tomography (CT), functional magnetic resonance (fMRI), positron emission
tomography (PET) and single positron emission computed tomography (SPECT). These imaging methods can be
used in the diagnosis phase as well as in the follow-up of the course of the disease. In this way, neuroimaging
methods have reproducibility [21].

4. Biomarker Use in Neurodegenerative Diseases

As a biomarker or biomarker can measure the biological processes that occur normally in people, it is a feature
that includes pathogenic processes, biological processes that occur as a result of the person's encounter with the
therapeutic agent and is accepted as the result of the responses of these processes. It is also accepted as an
indicator of the biological process in which the symptoms of the suspected disease and the consequences of these
symptoms are associated. The use of biomarkers in neurodegenerative diseases provides an opportunity for early
diagnosis. It is used not only with the opportunity to make an early diagnosis, but also to determine and monitor
the progression of the disease, and to determine the effectiveness of the treatments used as therapeutic agents.

There are some characteristics that an ideal biomarker should have. These features are;
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Having biocompatibility

In order for the measurement to be healthy, the biomarker
must be easily accessible, such as tissue fluid.

The measurement is fast

Be repeatable

>

To be distinguishable

"
% Universal results

Figure 2. Characteristics of ideal biomarkers

5. Conclusion

Due to the lack of use of biomarkers, it becomes difficult to diagnose the asymptomatic period, which is called
the period before the emergence of the disease in the individual. In addition, obstacles such as the widespread use
of animal models and the high cost of experiments with animal models are among the factors that make it difficult
to develop treatment methods for neurodegenerative diseases. In order to prevent these situations, the use of
biomarkers and animal models should be expanded [21].
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Keywords Abstract
Steel casting The aim of this study is to establish a correlation between various version direct pouring
Direct pouring system systems for steel castings in industrial conditions. In the study, a computer-aided design
Modeling and simulation solid modeling program was used in the design of the kalpur direct pouring system, non-
Casting defects filter bottom direct pouring system, and filtered direct pouring system for steel castings.
Filtration The flow and solidification simulation of the kalpur direct pouring system and the non-
filter bottom direct pouring system of the casting part was made in magma flow and
Research Article solidification program. The study clearly shows that the kalpur direct pouring system
Received: 26.09.2022 has revealed that it plays a significant role in preventing non-metallic casting defects in
Revised: 23.10.2022 steel castings, such as sand, gas, and slag. In addition, it has been revealed in the study
Accepted: 05.11.2022 that the non-filter bottom direct pouring system prevents non-metallic casting defects in
Published: 14.11.2022 steel castings such as the kalpur direct pouring system. Kalpur direct pouring system is
recommended to be used in ferrous based castings by FOSECO, was used for the first time
@ checikfor in the CIMSATAS foundry in the steel castings and the appropriate result was obtained.
updates

1. Introduction

Non-metalic inclusions are important defect in steel casting process. Inclusion defects of steel castings are
defects such as slag of oxide and other substances generated in the pouring ladle by the reaction, and sand of molds
and cores that flake away and are included in the molten metal, flowing into casting parts and appearing on the
surfaces of parts as non-metalic inclusions. In order to reach desirable quality casting part, well design pouring
system is the first step. Dimensions of the pouring system need to be calculated according to casting part geometry
because of each casting part has different shape and an incorrect design is the root cause of the casting defects
onto casting parts, mostly. High casting quality depends on a reasonable pouring system design. Traditionally, the
foundry design and method engineers highly employ their own experience and trial and error method to design
the pouring system. But this design method is time consuming and hard to get an optimal design. Today, foundry
design and method engineers are experimenting different optimization methods that optimize the pouring system,
including size, shape and position by using flow and solidification programs [1-6].

In recent years, foundry metal filtration technology has been rising popularity in casting system for casting
processes of many metals such as cast irons, steel and aluminum. Filtration technology is evolving as the demand
for clean, quality castings with high yield, low scrap rates, and low process costs increases. The benefit of filters,
especially reticulated foam filters, besides their turbulence-reducing effect, is to prevent non-metallic inclusions
such as sand and slag from entering the casting part during pouring the liquid metal into the sand mold [7-10].
This study presents the results of filtered pouring system known as kalpur direct pouring system (developed by
FOSECO) and the non-filter bottom direct pouring system (CIMSATAS casting practice) studies.
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1.1.Kalpur direct pouring system

Kalpur direct pouring system developed by FOSECO for foundries is used in green sand moulding lines and
resin moulding lines to obtain high part efficiency and clean casting parts. Kalpur direct pouring system includes
many critical components within its own structure; exothermic feeder, ceramic foam filter, and collapsible breaker
core etc. The main purpose of the kalpur direct pouring system is; reduced fettling cost, reduced non-metallic
inclusions, lower turbulence related defects, improved directional solidification, good surface finish optimized
yield, and increased space on the pattern plate. Parts molded with the kalpur direct pouring system can be poured
with lip pouring ladle or bottom pouring ladle [10-13].

1.2. Non-filter bottom direct pouring system

Non-filter bottom direct pouring system is one of the casting practices of the CIMSATAS foundry. Non-filter
bottom direct pouring system is used in resin moulding line in CIMSATAS foundry to obtain high part efficiency
and clean casting parts. The basic components of the non-filter bottom direct pouring system designed by
CIMSATAS are the exothermic feeder, pouring basin, and sand cap. The main purpose of the non-filter bottom
direct pouring system is; reduced fettling cost, reduced non-metallic inclusions, lower turbulence related defects,
improved directional solidification, good surface finish optimised yield, and increased space on the pattern plate.
Parts molded with the kalpur direct pouring system can be poured only with bottom pouring ladle.

1.3.Filtered direct pouring system

In the steel casting process, the filtered direct pouring system is known as the casting practice based on placing
a ceramic foam filter in a feeder. The basic components of filtered direct pouring system is feeder and ceramic
foam filter. Filtered direct pouring system is used in resin moulding lines and green sand moulding lines. Main
purposes of the filtered direct pouring system are; reduced non-metallic inclusions, lower turbulence related
defects, improved directional solidification, good surface finish, optimized yield, and increased space on the
pattern plate. Parts molded with filtered direct pouring system can be poured with bottom pouring ladle or lip
pouring ladle [13-14].

2. Material and Method

In this study, it is aimed to develop direct pouring systems for steel castings by using a computer-aided solid
modeling program. The direct pouring system designs of the bearing casting part are based on the modulus and
geometry of the casting part. In the study, the material of the part was determined according to the EN 10293
standard and material of the casting part was selected G2Z0Mn6N. The part with three different direct filling
systems was molded in the flaskless resin moulding system and cast in the CIMSATAS foundry. The nominal
chemical composition of the casting part was selected as shown in Table 1 and the image of the bearing casting
partis shown in Figure 1.

Table 1. Chemical composition of the bearing casting part

Content % C % Mn % Si %P %S % Cr % Ni % Mo %V
0,199 1,593 0,432 0,014 0,007 0,191 0,065 0,035 0,013

Content % Cu %B % Ti % Sn % Al % Zr % Nb % Pb % Sb
0,071 0,00018 0,001 0,003 0,048 0,002 0,008 0,001 0,000

Content % Fe % CEQ % Zn % Ce % Bi % W % As % Co %N
97,264 0,528 0,002 0,001 0,000 0,000 0,007 0,008 0,008

Figure 1. Schematic representation of the bearing casting part
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In the first direct pouring system study, filtered direct pouring system was designed by placing a dimension of
Stelex Pro #150x30 mm 10 PPI graphite-based filter was placed inside the BGK6 exothermic feeder in the cope
side of the part solid data. Then, the flow and solidification simulation of the part was made at 1600 °C by choosing
lip pouring ladle. According to simulation results, filtered direct pouring system was assembled to the casting part
model. Images of the simulation results of the casting part are shown in Figure 2, and filtered direct pouring system
is shown in Figure 3.
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Figure 2. a); The image of the casting part geometry, (b); The image of the metal flow and filling simulation of
the casting part, (c); The image of the feeding mod of the casting part, (d); The image of the friction liquid mod of
the casting part

Figure 3. Schematic representation of the filtered direct pouring system

126



Engineering Applications, 2022, 1(2), 124-131

After simulation results, one part was molded in the flaskless resin moulding system in the CIMSATAS foundry
and the casting was carried out with a lip pouring ladle at 1600 °C and 38 second. Total weight of the casting part
is 590 kg. Image of poured part with the filtered direct pouring system is shown in Figure 4.
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Figure 4. The image of poured casting part with the filtered direct ouring system

The part that was poured with the filtered direct pouring system was examined and then a design change was
made in the part. In the casting part design, Stelex Pro #150x30 mm 10 PPI graphite-based filter was placed inside
the Kalminex ZTAE PPE 18/20 exothermic feeder and the filling point of the casting part was revised as kalpur
direct pouring system. Kalpur direct pouring system was placed at the lowest point of the cope side in the casting
part solid data and flow and solidification simulation was made at 1600 °C by choosing bottom pouring ladle.
According to simulation results, kalpur direct pouring system was assembled to the casting part model. Images of
the simulation results of the casting part are shown in Figure 5, and kalpur direct pouring system is shown in
Figure 6.

(b) miGua

(d) miGma
Figure 5. (a); The image of the casting part geometry, (b); The image of the metal flow and filling simulation of

the casting part, (c); The image of the feeding mod of the casting part, (d); The image of the friction liquid mod of
the casting part
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Figure 6. The Image of the kalpur direct pouring system

After simulation results, one part was molded in the flaskless resin moulding system in the CIMSATAS foundry
and the casting was carried out with bottom pouring ladle at 1609 °C and 32 second. Total weight of the casting
partis 613 kg. Image of poured part with the kalpur direct pouring system is shown in Figure 7.

' (e
Figure 7. The image of poured casting part with the kalpur direct pouring system

After examining the poured part with the Kalpur direct casting system, the part design was revised as non-filter
bottom direct pouring system. In the casting part design, Stelex Pro #150x30 mm 10 PPI graphite-based filter was
not placed inside Kalminex ZTAE PPE 18/20 exothermic feeder as the casting practice of the CIMSATAS foundry.
The filling point of the casting part was chosen as the same region as the kalpur direct pouring system. Flow and
solidification simulation of the casting part was made at 1600 °C by choosing bottom pouring ladle. According to
simulation results, non-filter bottom direct pouring system was assembled to the casting part model. Images of
the simulation results of the casting part are shown in Figure 8, and non-filter bottom direct pouring system is
shown Figure 9.
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Figure 8. (a); The image of the casting part geometry, (b); The image of the metal flow and filling simulation of

the casting part, (c); The image of the feeding mod of the casting part, (d); The image of the friction liquid mod of
the casting part

Figure 9. The image of the non-filter bottom direct pouring system

After simulation results, one part was molded in the flaskless resin moulding system in the CIMSATAS foundry
and the casting was carried out with bottom pouring ladle at 1582 °C and 20 second. Total weight of the casting
partis 613 kg. Image of poured part with the non-filter direct pouring system is shown in Figure 10.
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Figure 10. The image of poured casting part with the non-filter bottom direct pouring system

3. Results and Discussion

In this study, casting parts were designed according to the simulation results with different direct pouring
system versions in steel castings. The findings were obtained from the simulation and casting results of the parts.

e Itis found that the simulation results highly represent the actual casting results.

e Cold shut defects were detected as well as non-metallic inclusions on the surface of the part poured with the
filtered direct pouring system. And filling time of the casting part is 38 second.

e Poured with kalpur direct pouring system and non-filter bottom direct pouring system, the gross weight of
the casting parts has increased from 590 kg to 613 kg. In total, gross weight of the casting parts have increased
by 23 kg.

e It has been revealed that pouring design of the casting part and the selection of the pouring region is very
important for the surface quality of the casting part.

e  With the kalpur direct pouring system, a remarkable improvement has occurred on the surface quality of the
casting part.

e  With the non-filter bottom direct pouring system, the need for Stelex Pro #150x30 mm filter used in the
moulding of the part has been eliminated. It has been observed that clean parts can be poured with this system
by using bottom pouring ladle too.

e  While the filling time of the poured part with the kalpur direct pouring system is 32 seconds, the filling time
of the poured part with the non-filter bottom direct pouring system is 20 seconds.

o Ithasbeen observed that the surface qualities of the poured parts are close to each other with the kalpur direct
pouring system and the non-filter bottom direct pouring system.

e Ithasbeenobserved that the surface qualities of the poured part are worst with filtered direct pouring system.

4. Conclusion

Although non-filter bottom direct pouring system for steel castings minimizes the escape of non-metallic
inclusions from ladle into the casting part during sand mould filling, the use of ceramic foam filter inside the non-
filter bottom direct pouring systems are very important for the scrap rate of the foundries.

With the design of the different version of the direct pouring systems in the CIMSATAS foundry, the surface
quality of the casting part has improved positively by design of the kalpur direct pouring system and non-filter
bottom direct pouring system. Ceramic foam filters are cost-effective and efficient way to reduce casting defects.
The improvement in the casting part surfaces which get obtained by using direct pouring system was reduced the
rework needed (such as cosmetic welding, grinding, etc.).

The results of the study show that the kalpur direct pouring system and non-filter bottom direct pouring system
have best given positive and reliable results in the steel casting process.
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1. Introduction

Abstract

Elastomers, which are rubber-based materials, are among the important raw materials
used in the industry today, as they have a wide area of use in many sectors such as textile,
food, livestock, armature, construction, etc., especially in the automotive industry. The
business world, which is developing day by day with the advancement of technology, is
rapidly consuming the raw materials we have, and unfortunately, our resources are
gradually decreasing due to the fact that most of these raw materials are not recycled.
For these reasons, it is of great importance to know the material used very well and to
analyze its static, dynamic, thermal, physical, chemical, etc. properties according to their
usage areas. In this study, the materials used during the preparation and vulcanization
of rubber-based materials, which have a wide area of use in many sectors such as
automotive, textile, food, livestock, armature, construction, and their intended use will
be emphasized.

The rubber compound is a recipe consisting of rubber polymers and other additional materials for the rubber
to exhibit the desired properties in the industry. The successful functioning of rubber products depends on
choosing the right polymers and mixing the rubber chemicals and fillers in the appropriate ratio. The mixture of
materials selected for this purpose and providing proportional integrity with each other is called rubber recipe or

rubber formula [1].

In the rubber mixture, a recipe is prepared so that the sum of the elastomer or elastomers is 100. All materials
except elastomer are put on the prescription as “phr”, which is defined as "parts per hundred of rubber” [2]. A
rubber compound usually contains 40-50% by weight of the rubber polymer. The typical content of a mixture is

givenin Table 1 [1].

Table 1. Typical rubber composition

Amount of material (phr) Quantity (phr)

Rubber 100

Fillers 20-100
Plasticizers 5-30
Vulcanization Agent 5-10
Accelerators 0-30
Activators 1-5
Antioxidants 1-3
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The first usable rubber formulation was prepared by Charles Goodyear with NR rubber with cooking a sulfur
[3]. In order to develop a rubber mixture, a material that can determine the necessary properties for the dough,
knowledge of chemical mixture preparation, and experience in this regard are required [3].

A typical rubber mixture; rubber polymer, cooking materials that provide cross-linking, fillers used to reinforce
and/or cheapen the mixture, plasticizers that give the dough softness in the processing process and then give it
the desired flexibility and low temperature flexibility, protect the material from deterioration both during
processing and during the use of the piece [4]. Stabilizers are added to the mixture according to the need and
amount. The main purpose of rubber additives; to improve the properties of the material to be worked [4].

‘ |
e
»

- 2

A Carbon Black Different Chemicals |
) ‘I ! 7

Filler MaterialsJ

Rubber Material

Figure 1. The scheme of rubber compounding

Added additives interact with the elastomer physically or chemically. Industrial applications will be limited as
the mechanical and thermal properties of rubbers cannot be adequately provided without suitable fillers and
additives [5].

While preparing a rubber mixture, it is expected to gain the following properties;

v Inthe environment where it will work as a finished product; mechanical, chemical, thermal, electrical,
etc. to have the desired characteristics.

v' Compliance with the processes, molds and machines to which the mixture will be applied during
preparation, and vulcanization.

v The cost of the prepared mixture is competitive.

The additives that make up the rubber mixture are given, respectively [5].
1.1 Filler Materials

Filler materials are included in the rubber mixture for the aim of reinforcing the rubber, increasing its usability
and improving its character, coloring the rubber, and making it economical. They can be organic or inorganic in
nature. Fillers can be divided into two groups like black and white fillers. Black fillers are carbon blacks. White
fillers are fillers such as calcium carbonate, silica, clay, talc, zinc oxide [6].

Black fillers give the rubber a strength that is incomparable with white fillers. The white fillers used in addition
to the black fillers, on the other hand, give the rubber homogeneous mixing and lubrication properties thanks to
the weak polar bonds between it and the rubber. In other words, the black fillers used in rubber improve the
properties of the rubber, while the white fillers are mostly used to cheapen the formulation and improve the
processing properties of the rubber [2].

Carbon black is an amorphous carbon in a semi-graphite structure, which, when mixed with rubber, increases
the tensile strength, modulus, abrasion resistance and tear strength of rubber. Carbon black is obtained as a result
of the thermal cracking of liquid and gaseous hydrocarbons [7]. Properties that determine the quality of carbon
black as a reinforcing agent; grain size or surface area, structure and surface activity. In general, each of the carbon
black properties affects the workability and the cured product. If the grain size is small, an increase in hardness,
abrasion resistance, breaking strength and electrical conductivity, and a decrease in elasticity are observed in the
products after vulcanization [8]. As the grain size increases, the surface activity decreases and the strengthening
effect decreases. That is, the breaking force, tear, and abrasion resistance are reduced [9].
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White fillers, on the other hand, are used in rubber technology to improve the physical or mechanical properties
of the rubber mixture and to reduce the cost. These properties can be achieved by blending mineral fillers with
carbon black or using light-colored products, alone or in combination with other fillers [10].

1.2. Plasticizers

Plasticizers are macromolecules with short-chain lengths compatible with the main polymer structure. It does
not make chemical bonds with the polymer but settles between the macromolecular. Those that do not adapt well
can migrate to the surface over time [11].

Plasticizers reduce the hardness and swelling properties of rubber, improves its low temperature flexibility by
decreasing it’s the glass transition temperature (Tg), and increases its resistance to the flame by increasing its
electrical conductivity from its physical properties. At the same time, reducing the viscosity of the mixture, before
curing; provides convenience in mixing and extrusion processes by ensuring the fluidity of the mixture. Thus,
energy savings are provided in the processes. In addition, they facilitate the mixing in the formation of rubber
dough and ensure that the added substances are mixed homogeneously [12].

1.3. Antioxidants

Aging causes changes in physical and mechanical properties. The greater the unsaturation rate in the polymer,
the greater the susceptibility to aging [13]. Because they are sensitive to double bonds, oxygen, ozone and other
reactive substances. Oxygen causes the polymer bonds to break down. In addition, they continue to react with
sulfur and cause hardening. Continuation of polymerization or intermolecular cross-linking in synthetic rubbers
can lead to hardening and brittleness [14]. High temperature can lead to various deteriorations even in oxygen-
free environments, such as; thermal breakdown of crosslinks, intermolecular and intramolecular crosslinking or
displacement of crosslinks. Sunlight increases the effect of oxygen and forms a film of oxidized rubber. This layer
consists of grooves that join each other in random directions [15].

1.4.Vulcanization Agents

The aim of using vulcanizing agents is to create a network chain structure by providing cross-linking between
polymer chains. Sulfur is used for the unsaturated polymer group, while peroxide is used for the saturated polymer
group [16]. The most known and frequently used crosslinking agent is sulfur [16]. There are two types of sulfur
use, normal and insoluble. Normal sulfur has an octet ring structure. Since it increases the solubility with
temperature, it can cause pre-vulcanization in mixture storages before curing. Since it has the possibility of free
circulation within the structure, its homogeneous distribution in the mixture may deteriorate over time. Insoluble
sulfur, on the other hand, is amorphous and does not dissolve during storage, so there is no pre-vulcanization
problem and a homogeneous distribution can be achieved in the mixture [17].

It is also widely used in peroxide and phenol-formaldehyde resins. Peroxide forms direct bonds to carbon
chains forming carbon-carbon bonds. These bonds take more energy to break, which often results in higher service
temperatures and lower permanent deformation in finished products. Some polymers can only be cross-linked
with peroxides. Peroxide is faster but more expensive than the sulfur crosslinking agent. It is a special process in
cross-linking with high radiation energy [18].
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Figure 2. The formation of vulcanized rubber [19]
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1.5. Accelerators and Activators

When using sulfur without accelerator in vulcanization, the crosslinking reaction rate will be slow. When sulfur
and accelerator are used together, cooking occurs in a short time and economically. The resistance of the product
to aging increases [20]. With the vulcanization method using the accelerator, the heat resistance, fatigue resistance,
dynamic properties and aging properties of the rubber product are improved. Organic accelerators are used more
as accelerators than inorganic accelerators. With the use of an accelerator, the crosslinking reaction is accelerated.
Vulcanization is more economical [21,22].

Accelerators that accelerate vulcanization need organic substances. Activators are used to show the most
efficient effect of accelerators. Metal oxide, fatty acids are examples of activators. Stearic acid can be used as an
accelerator and softener activator in rubber. The activities of activators differ according to their types. One of the
most important activators is zinc oxide. Stearic acid increases the solubility of zinc oxide in rubber [23,24].

2. Conclusion

Rubber, the use of which dates back many years, comes into our mix as a material that is needed more and
more with the developing technology and especially the increasing automotive industry. In the world and in our
country, rubber is used in many materials that make our daily life easier, both as a main and by-product. Increasing
production potential, which is shaped according to consumer demand, is also becoming the focus of attention of
investors in the chemical industry.

As mentioned in the study, there is an ongoing need for rubber for centuries and efforts to meet this need. It is
important to know the preparation process and the used compositions of rubber, which is actively used in many
fields today. It is extremely important to choose the components and their ratios according to the type of rubber
used or to prepare a recipe for the area to be used. In this context, the preparation of rubber dough and knowing
its vulcanization parameters increase its importance in terms of the production of products for the rubber
industry.
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1. Introduction

The Fuzzy Logic System can be considered as one of the computational Intelligent (CI) methods that are very
complex. In the literature, it is used to represent nonlinear systems and problems that cannot be solved
mathematically [1-2]. Artificial intelligence is very important nowadays. Coordinated studies in health, law and
other departments, especially in the field of artificial intelligence and mechanics, are academicians by continuing,.
The topics discussed around artificial intelligence, the components are artificial neural networks, expert systems,
fuzzy logic, genetic algorithms. There are many disciplines that adopt artificial intelligence. Some of them are
computer engineering, philosophy, cognitive science, electronic sciences [3]. By giving importance to the study of
intelligence automation with computers, the foundations of artificial intelligence were laid in the 1950s and 1960s,
when the definition of intelligence and artificial intelligence was discussed, artificial intelligence gained usability
in every field in the society we live in [4-5]. Artificial intelligence is the process by which the human brain, non-
organic systems (computer, program, robot, etc.) Based on its functions. In short, artificial intelligence is a set of
systems that think like a human, perceive like a human, interpret like a human, analyze like a human and make
decisions like a human after all these stages. Scientists have defined artificial intelligence differently. For example,
artificial intelligence is the science of computer programs that simulate intelligent behavior, and artificial
intelligence is the science of converting things into machines that require intelligence when done by humans [6-
7]. When the literature is scanned, it is possible to come across different studies with artificial intelligence and
sub-branches. For example, in a study conducted; Student academic performance estimation was made by artificial
intelligence using machine learning algorithms of students. At the end of the study; the decision tree algorithm
gives the best accuracy rate with a maximum depth value of 2 for 649 student data. The random forest algorithm
gives the best accuracy with 649 student data. The logistic regression algorithm was found to give the best
accuracy with 395 student data [8]. In different studies, the importance of the development of artificial intelligence
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in the field of food, epidemics and pandemics and its applicability in the field of health have been investigated. The
literature findings were shared in the results section [9-11]. Intelligent tutoring systems (ITS) are also becoming
more and more important today. ITS are used to stimulate one-to-one personal tutoring. ITS are generally used in
large scale distance teaching situations, where there are hundreds of students and one-to-one teaching is
impossible. ITS can choose a student's learning route and the content to teach them based on learner models,
algorithms, and neural networks [12]. Research on ITS has two basic aims: to develop and test models regarding
the cognitive processes involved in instruction, as well as to deliver complex instructional guidance on a one-to-
one basis that is better than that obtained with traditional computer-aided programs and close to that of a skilled
human tutor [13]. A study observed a huge and statistically significant increase in the learning outcomes with
higher course completion rates and learning 2 to 2.5 times higher than students in other platforms and control
groups [14]. Our study will be a new perspective to ITS by using fuzzy logic theorem.

2. Fuzzy Logic

In 1965, Fuzzy logic was mentioned in the work by Lotfi Askar Zadeh [15]. The concepts of fuzzy logic and fuzzy
sets were first introduced in 1965 by Lotfi A. It is set out in an article published by Zadeh. Later, in his notes
published in 1973, Zadeh proposed the idea that fuzzy set theory has a structure that can be modeled on the human
decision-making system with the best approximation [16]. In classical logic, the limitations are certain, an element
is either a member of a set or it is not. There is a logic of 0 and 1 in classical sets. In fuzzy logic, on the other hand,
there is partial membership. In this way, it can operate in vague and approximate situations similar to human logic.
Fuzzy logic is currently used in many fields such as the automotive industry, electronic control systems, and home
electronics. Especially with the use of electrical appliances, energy has been saved and such tools have been
smartened up [17]. An example fuzzy logic diagram is shown in Figure 1.

I Fuzzy rule base I
-

Fozzy

Certain input [Fuzzy input S Output S Certain output
ks | Fuzzy - Defuzzification  ————————————s

inference

Figure 1. Operation of the fuzzy system fuzzy logic system [18]

3. Material and Method

The Mamdani approach can be considered as a very compatible thought structure with man [19]. The difficulty
level of each problem in the study will be calculated by fuzzy logic. Two different inputs will be subjected to the
rules and the difficulty level of the problem will give the output. Mamdani inference will be used in the study. When
the student starts using the system, he will be shown 10 leveling questions, which are shown to everyone. These
questions will be selected by educators and will consist of different difficulties. It is very important to have
selective questions. According to the percentage of wrong / right that arise as a result of these questions and the
time spent per question on these questions, the questions will begin to be shown to him according to his academic
level. With each question it solves, the time and accuracy will be updated according to previous calculations. In
this way, it is aimed to gradually increase the student's learning level by increasing the difficulty level. Two
different inputs will be subjected to rules and will output the difficulty level of the problem. Mamdani inference
will be used in the study. Figure 2 shows the graph of the general formula used in fuzzy logic calculations.

a1l a2 a3 a4d

Figure 2. General formula used in fuzzy logic calculations
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The formulas used in the study are listed below;

0 x<al (1)
x-al
a3-al al S x S a2 (2)
1 X>a4 (3)

Inputs are very important in fuzzy logic; the inputs determine the result of the functions. The inputs to be used
in this study and their output are as follows:

Inputs: Average time to solve questions (x) and the accuracy rate (y) in the questions solved
Output: Difficulty level of the new questions (z)
x,y and z are time to solve the question, accuracy rate and difficulty of the question.

o Three explanatory variables are defined for the duration fuzzy set X: A1, A2 and A3 (low, medium and high)
o Two explanatory variables are defined for the accuracy rate fuzzy set Y: B1 and B2: (more and less)
e Three explanatory variables are defined for the difficulty fuzzy set Z: C1, C2 and C3: (low, normal and high)

The difficulty level of each problem in the study will be calculated by fuzzy logic. Two different inputs will be
subjected to the rules and the difficulty level of the problem will give the output. Mamdani inference will be used
in the study. When the student starts using the system, he will be shown 10 leveling questions, which are shown
to everyone. These questions will be selected by educators and will consist of different difficulties. It is very
important to have selective questions. According to the percentage of wrong / right that arise as a result of these
questions and the time spent per question on these questions, the questions will begin to be shown to him
according to his academic level. With each question it solves, the time and accuracy will be updated according to
previous calculations. In this way, it is aimed to gradually increase the student's learning level by increasing the
difficulty level. Fuzzy logic works according to certain rules. These rules use AND and OR functions. If the AND
function is used, both conditions must be true. In the OR function, only one of the two conditions is true to give the
output. The rules we use for Mamdani inference in this study are as follows:

IFx=A3 ORy =B1 THEN z = C1 IF time very OR low accuracy THEN difficulty low
IFx=A2ANDy=B2 THEN z = C2
IFx=A1AND B2 THEN z = C3

Fuzzy operations work within the context of these rules. However, even if the verbal expression is as above, of
course, these operations should have a numerical representation, only in this way we can make a calculation and
obtain a numerical value. Using this numerical value, the difficulty level of the problem will be determined. Graphs
are used to achieve this in fuzzy logic. Each rule written above has a separate graph. The membership degree of a
value is calculated from the graphs and the numerical value of the output is calculated by using these rules above.

4. Results

The inputs were defined as the time to solve the questions and the accuracy rate of the questions. In the
question solving time graph, the Y-axis shows the membership status, while the X-axis gives the time to solve the
question in seconds. The graph of the students' question solving speed is given in Figure 3.

In Table 1, the degree of turbidity of the students' problem-solving speed is given.

In the accuracy rate graph, the Y axis shows the membership status, while the X axis gives the accuracy rate in
percentage. In Figure 4, a graph of the accuracy rate was given for the questions solved by the students.

Figure 4 will be used to calculate the membership values in the table below. The membership values will be
given out of hundred (like 70 instead of 0.7) for the case of simplicity. In Table 2, the degree of fuzziness of the
accuracy rate in the questions solved by the students.
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A1

A3

100

Figure 3. Students' question solving speed graph

Tablel. The fuzziness degree of students' problem-solving speed

Time to solve the question (seconds) Low(A1) Medium(A2) High(A3)
0 100 0 0
5 100 0 0

10 100 0 0
15 100 0 0
20 100 0 0
25 75 16,6 0
30 50 333 0
35 25 50 0
40 0 66.6 0
45 0 83.3 0
50 0 100 0
55 0 83.3 0
60 0 66.6 0
65 0 50 25
70 0 333 50
75 0 16.6 75
80 0 0 100
85 0 0 100
90 0 0 100
95 0 0 100
100 0 0 100
1
B1 B2
O 30 70 100

Figure 4. Accuracy rate graph in the questions solved by the students
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Table 2. The fuzziness degree of the accuracy rate in the questions solved by the students

Correctness Rate Low(B1) High(B2)
0 100 0
5 100 0
10 100 0
15 100 0
20 100 0
25 100 0
30 100 0
35 87.5 12.5
40 75 25
45 62.5 37.5
50 50 50
55 37.5 62.5
60 25 75
65 12.5 87.5
70 0 100
75 0 100
80 0 100
85 0 100
90 0 100
95 0 100
100 0 100

The output is the difficulty level of the problem. In the difficulty level graph, the vertical axis shows the
membership status, while the horizontal axis gives the difficulty level in percent. In Figure 5, the difficulty level
graph of the questions given by the application as output is given.

c1 e
c2

7

0 20 40 60 80 100

Figure 5. Difficulty level graph of the questions that the application gives as output
The Y axis shows the membership status, and the x axis shows the percentage of difficulty of questions.

Table 3. The degree of fuzziness of the questions that the application gives as output

The percentage of difficulty Low (C1) Medium (C2) Hard (C3)
0 100 0 0
5 100 0 0
10 100 0 0
15 100 0 0
20 100 0 0
25 75 16,6 0
30 50 33.3 0
35 25 50 0
40 0 66.6 0
45 0 83.3 0
50 0 100 0
55 0 83.3 0
60 0 66.6 0
65 0 50 25
70 0 33.3 50
75 0 16.6 75
80 0 0 100
85 0 0 100
90 0 0 100
95 0 0 100

100 0 0 100
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The corresponding membership status is looked from the right three columns, and the output is the percentage
of difficulty that is obtained from the left column. The process will be explained by example cases. Example cases
are given below.

Example Cases

Example 1: The average time per question of a student is 30 seconds and the accuracy rate is 80%.

Looking at the question solving speed table, 30 seconds are seen as A1:50 and A2: 33.3. The higher one A1: 50 is
accepted.

The 80% accuracy rate corresponds to B2:100 when looking at the table.

This situation obeys the rule IF x = A1 AND B2 THEN z = C3

Output C3:50 (AND function takes the minimum).

Looking at the value of 50 from the C3 table, questions from the question pool with 70% difficulty will be displayed.

Example 2: The average time per question of a student is 60 seconds and the accuracy rate is 65%.

Looking at the question solving speed table, 60 seconds are seen as Al: 0 and A2: 66.6. The higher one, A2: 66.6 is
accepted.

65% accuracy rate corresponds to B2:100 when looking at the accuracy rate able.

This situation obeys the rule IF x = A2 AND B2 THEN z = C2

Output C2:66.6 (AND function takes the minimum).

Looking at the value of 66.6 from the C2 table, questions from the question pool with 60% difficulty will be
displayed.

Example 3: The average time per question of a student is 75 seconds and the accuracy rate is 60%.

Looking at the question solving speed table, 60 seconds are seen as A2: 16.6 and A3: 75. The higher one A3: 75 is
accepted.

The 60% accuracy rate corresponds to B2:100 when looking at the table.

This situation obeys the rule IF x=A3 ORy=B1 THEN z = C1

Output C1: 100 (OR function takes the maximum).

Looking at the value of 100 from the C1 table, questions from the question pool with question difficulty between
0% and 20% will be displayed.

Example 4: The average time per question of a student is 25 seconds and the accuracy rate is 45%.

Looking at the question solving speed table, 25 seconds are seen as Al: 75 and A2: 16.6. The higher one A1l: 75 is
accepted.

The accuracy rate for 45% corresponds to B1: 62.5 and B2: 37.5 when looking at the table.

The higher B1: 62.5 is accepted.

This situation obeys the rule IF x=A3 ORy=B1 THEN z = C1

The output is C1: 75 (the OR function takes the maximum).

Looking at the value of 75 from the C1 table, questions from the question pool with a question difficulty of 25%
will be displayed.

Example 5: The average time per question of a student is 60 seconds and the accuracy rate is 45%.

Looking at the question solving speed table, 60 seconds is seen as A2: 66.6.

The accuracy rate for 45% corresponds to B1: 62.5 and B2: 37.5 when looking at the table.

The higher one B1: 62.5 is accepted.

This situation obeys the rule IF x=A3 ORy =B1 THEN z = C1

Output C1: 66.6 (OR function takes the maximum).

Looking at the value of 66.6 from the C1 table, questions from the question pool with a question difficulty between
25% and 30% will be displayed.

Example 6: The average time per question of a student is 75 seconds and the accuracy rate is 35%.

Looking at the question solving speed table, 25 seconds are seen as A2: 16.6 and A3: 75. The higher one A3: 75 is
accepted.

Looking at the table, the accuracy rate for 35% corresponds to B1:87.5 and B2: 12.5.

The higher B1: 87.5 is accepted.

This situation obeys the rule IF x=A3 ORy=B1 THEN z = C1

Output C1: 87.5 (OR function takes the maximum).

Looking at the value of 87.5 from the C1 table, questions from the question pool with a question difficulty of
between 20% and 25% will be displayed.
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5. Conclusion

The aim of this study is to create an individualized education system by applying the principle of fuzzy logic so
that students can get maximum efficiency and add a new perspective to individual tutoring systems (ITS) by the
use of fuzzy logic. The results obtained by the Mamdani method turned out to be feasible. At the end of the study,
it was determined that the two important factors indicating that he is academically successful and that he has
learned the subject completely are the accuracy rate in the questions and the time to solve the questions. Rules
were created with fuzzy logic and these rules were poured into graphs and output was provided. The principle of
operation of this program is illustrated by example cases. It has been determined that the program works as
requested. With this study, it is believed that it can be used in classrooms, especially for students preparing for
high school and university exams. It will also be useful in distance online learning environments, especially since
it allows students to study on their own to a certain extent. Even though it may not completely eliminate the need
for a real tutor, it will be useful for students who don’t have access to tutoring all the time.
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Keywords Abstract
Provenance Tectonic slices of different origins are observed in the eastern of Kargi (Corum) district. These
Geochemical slices' metamorphic units and lithologies of ophiolitic melange are observed with tectonic
Sandstone contact. The Calarasin formation is observed at the upper levels of the ophiolitic mélange,
Calarasin formation which extends to the east of Kargi (Corum) in the Central Pontides. The formation is composed
Central Pontide of thin-bedded siltstone intercalated sandstone-shale and mudstone alternations. The
sandstones of the formation include quartz, plagioclase, calcite, biotite, chlorite, and volcanic
Research Article rock particles. The sandstones were analyzed for geochemical properties and provenance
Received: 28.09.2022 traces, respectively. According to these analyzes, SiO2 % is found between 26.46-71.78%,
Revised: 28.10.2022 Al203% 5.22-10.86, Fe203% 2.89-7.11 and CaO0% 6.13-36.02 respectively. When trace
Accepted: 06.11.2022 elements are evaluated, Sc content ranges from 76.13-201.03 ppm, and Y content ranges from
Published: 14.11.2022 9.54-55.11 ppm. Sandstones are rich in large ion lithophile elements (LIL; Ba, Th, U) and poor
in high-field strength elements (HFS; Nb, Ti, Zr). Positive anomalies in terms of Pb and Y and
% check for negative ones in terms of Eu and P are observed in rocks. The sandstones are poor in terms of
| updates REE. The amount of HREE is substantially richer than the amount of LREE. Sandstones were

normalized according to PAAS, and a distribution inversely proportional to the primitive
values emerged. Ce/Ce* anomaly displays that the same oxygen environment has existed in
the environment for a long time, but this situation has changed in the transition zone. Major
oxide values suggest that the environment is arid and semi-arid media. It was determined that
the sandstones were fed from the intermediate and mafic magmatic sources and tectonically
represented the active continental margin and the island arc area.

1. Introduction

By acknowledging the geochemistry of sedimentary rocks, significant data can be obtained about the rocks'
tectonic location, geochemical composition, origin, and source area [1-5]. In supplement, environmental
interpretations can be represented by acknowledging petrographic characters. In these surveys, sandstones in
sedimentary succession are usually preferred.

In the studies to figure out the tectonic origins of the basins, the current states of the most mobile and immobile
elements are evaluated [6]. This is expressed by the values of both major oxides and trace elements. In particular,
trace elements show the characteristics of the major source (tectonic environments and source-rock
compositions) during weathering and transportation [2, 4, 7|. Rare earth elements are also used to characterize
the source and tectonic environment of the sedimentation [8-11]. As a result of all these evaluations,
interpretations are made corresponding to the geochemical data of the sedimentary rock. For example, elemental
ratios such as La/Sc, La/Co, and Th/Sc are preferred for separating mafic and felsic source rocks [12]. It is noted
that trace elements such as La and Th are more concentrated in felsic igneous rocks, while Co, Sc and Cr have
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higher concentrations in mafic rocks [10-11, 13]. All accepted elemental analysis results are evaluated closely, and
a sedimentary rock's origin and tectonic environment are interpreted.

Pontides were established as part of the Alpine-Himalayan belt by Ketin [14], and Okay et al. [15] separated it
into Istanbul, Strandja, and Sakarya zones, respectively. The Pontides are geographically distributed as western,
central, and eastern Pontides. Yilmaz et al. [16] stated that the Pontides are the orogenic belt related to the opening
and closing of the Tethys Ocean in the northernmost part of Turkey. As a result of this tectonic movement, a
submarine turbidite basin was formed in the Central Pontides during the Early Cretaceous [17].

The Central Pontides consist of metamorphic, magmatic, and sedimentary rock groups in the Late Paleozoic-
Early Cenozoic age range along the 'suture zones' formed by the closure of the Paleo-Tethys and Neotethys oceans
[18-25]. Ustabmer and Robertson [26] stated that the metamorphic rocks in the area they call the Domuzdag-
Saraycikdagi complex in the region have undergone metamorphism in the blueschist facies and the regressive
greenschist facies.

East of Kargi (Gokcedogan), located in the Central Pontides, specific tectonostratigraphic sequences dwelling
inlower and upper tectonic slices [27]. These slices are Pelitozii, G61kdy, and ophiolitic melange slices, respectively
[28-29]. In the upper levels of the ophiolitic mélange, the Calarasin formation consists of sedimentary rocks. This
paper highlights the provenance diagnosis and geotectonic environment interpretations of the sandstones of the
Calarasin formation by revealing the petrographic and geochemical studies.

2. Material and Method

Thin sections and geochemical analyzes of 7 samples collected from sandstones in the Calarasin formation were
performed in ITU-JAL. Geochemical analyzes consist of major oxide (Table 1), trace element (Table 2), and rare
earth element values (Table 3). The analysis results obtained were evaluated in different diagrams. In addition,
REE results were normalized according to PAAS (Table 4) and compared in the spider diagram. The analysis
results in question are given in Table 1. In addition, the ratios and anomalies of critical elements for the diagnosis
of geotectonic environment and provenance were determined.

2.1. Geological framework

The study area is located in a district where the Middle Jurassic and Cretaceous accretionary prism is still called
the Central Pontides Supercomplex [30-32]. To the east of Kargi is the Middle Jurassic accretionary complex, which
has the Kirazbasi complex consisting of ophiolitic mélange, and the Domuzdag complex, whose metamorphic
conditions change towards the north [33-34].

Autochthonous and allochthonous rock groups are observed together in the study area (Figure 1). Kunduz
metamorphics are observed at the base of the region. This metamorphic unit is overlain by Permian aged Camdag
and Jura-Cretaceous aged Inalt1 formation with tectonic contact. In addition, in a large part of the study area, the
lithologies of the Ophiolitic Melange overlie the Kunduz metamorphics with a tectonic contact. With these thrust
contacts, tectonic slices were formed in the region [29]. On these slices, Bespinar, Yedikir, and Ilgaz formations
and Quaternary alluviums are observed with angular unconformity (Figure 1).

2.2. Ophiolitic melange

The Ophiolitic Melange of the Kirazbasi complex consists of dunite and serpentinite at the base, spilitic lava,
metadiabase, metabasalt, radiolarite, chert, mudstone, and pelagic limestones [33, 34] on the gabbro. At the top
levels of the succession, there is the Calarasin formation [35], which consists of alternating siltstone, sandstone,
shale, and mudstone, respectively (Figure 2).

In addition, conglomerate-gravelly sandstone layers without lateral continuity are also observed in this unit.
In the steep topography, whitish-grey, cream-colored medium-thick bedded limestone olistoliths of varying sizes
are seen at different unit levels.

The sandstones observed in the vicinity of the Calarasin district are brownish, reddish grey on the weathered
surface, bright black in areas where the fresh fracture surface is altered, and brown and grey in localities where
alteration is observed, unstable, medium-hard, fossil-free, poorly sorted and ungraded.

2.3.Petrography

In the thin section review of the sandstones in Bespinar, it is recognized that there are many volcanic rock
fragments in the rock. There are mainly quartz, plagioclase, calcite, and rock particles. Grains are medium well,
rounded, poorly sorted, and ungraded. Quartz exists as monocrystalline. Calcite is in the matrix, and secondary
quartz and iron oxide minerals are emplaced in its fractures and cracks. It was observed to be fed from volcanic
rocks during the deposition (Figure 3).

Corresponding to Folk [36], the rock was determined as lithic arenite because the quartz content is less than
90%, the rock particle is more than feldspar, and the matrix ratio is less than 15%.
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Table 1. Major oxides (%wt) concentrations of the sandstones

ROCK Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone
SAMPLE KGD-9 KGD-10 KGD-12 KGD-13 KGD-14 KGD-15 KGD-20
Latitude (°N) 34.630 34.600 34.606 34.630 34.630 34.630 34.606
Longitude (°E) 58.020 57.990 57.990 58.020 58.020 58.020 57.970
Major Oxides (%)
SiO2 71,78 52,72 62,91 26,46 69,02 56,34 62,86
Al203 9,22 6,45 10,18 6,71 5,22 7,10 10,86
Fe203 2,89 3,13 5,55 1,77 3,55 3,45 7,11
MgO 1,09 0,89 1,86 0,76 0,77 1,15 2,67
CaO 6,13 20,43 9,55 36,02 13,22 18,52 6,80
Naz0 3,28 1,54 2,68 0,69 0,55 2,12 2,76
K20 0,60 0,70 0,75 1,18 0,76 0,56 0,90
TiO2 0,27 0,26 0,35 0,32 0,30 0,22 0,59
P20s 0,09 0,10 0,10 0,06 0,09 0,05 0,08
MnO 0,05 0,37 0,09 0,07 0,05 0,24 0,11
Cr203 0,00 0,00 0,00 0,01 0,01 0,00 0,00
LOI 4,41 13,2 5,82 25,76 6,34 10,05 5,03
Total 99,82 99,78 99,84 99,81 99,98 99,81 99,76
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Table 2. Trace element concentrations (ppm) of the sandstones

ROCK Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone
SAMPLE KGD-9 KGD-10 KGD-12 KGD-13 KGD-14 KGD-15 KGD-20
Trace elements

Sc 201,03 149,44 167,43 76,13 198,97 115,85 131,56
Y 5511 11,76 11,47 15,83 10,01 14,16 9,54
Th 0,73 9,26 2,48 6,03 3,01 2,48 2,22
Li 23,88 38,81 35,14 11,65 27,72 27,40 40,02
Be 1,57 0,89 0,85 1,90 1,09 1,52 1,31
Co 39,98 13,49 15,60 30,59 12,25 18,18 15,39
Ni 61,88 61,27 27,48 35,99 18,85 36,41 51,95
Cu 69,70 0,00 0,00 0,00 0,00 0,00 0,00
Zn 369,21 0,00 0,00 0,00 0,00 0,00 0,00
Ga 22,50 20,06 14,66 11,97 7,78 11,77 24,71
As 39,93 42,54 37,15 42,72 32,58 32,89 33,02
Se 16,15 38,02 4,41 18,96 0,00 10,46 0,00
Rb 16,38 21,70 18,69 46,46 20,66 16,13 17,17
Sr 298,92 246,47 101,17 237,35 148,96 224,09 97,19
Ag 8,71 3,26 0,76 0,81 0,51 0,49 0,85
Cd 0,51 0,18 0,00 0,46 0,03 0,09 0,00
In 0,42 0,60 0,20 0,15 0,07 0,00 0,08
Cs 2,03 0,85 0,57 2,37 0,71 0,35 0,41
Ba 134,32 461,23 199,42 137,94 89,08 171,43 541,86
Tl 0,24 0,03 0,08 0,26 0,04 0,05 0,03
Pb 37,88 0,00 0,00 120,80 0,23 13,49 28,00
U 0,00 1,36 0,58 2,79 0,79 0,64 0,68
Au 0,09 0,02 0,04 0,06 0,03 0,03 0,02
Hf 8,57 1,29 0,99 0,23 0,81 0,81 1,17
Ir 0,07 0,01 0,03 0,01 0,01 0,02 0,02
Pd 1,09 2,61 1,83 0,57 1,84 1,47 2,29
Pt 0,12 0,02 0,02 0,00 0,01 0,04 0,02
Rh 0,07 0,05 0,03 0,05 0,04 0,05 0,04
Ru 0,06 0,23 0,18 0,15 0,21 0,23 0,22
Sb 0,50 3,14 0,86 2,07 0,86 2,90 3,58
Sn 1,73 1,16 1,07 1,52 1,03 0,92 1,14
Te 0,01 0,07 0,12 0,04 0,05 0,06 0,09

3. Geochemistry

As a result of the analysis, the %Si02 changes of the sandstones in the Calarasin formation are between 26.46-
71.78. It is recognized that the example with low SiO2z content is carbonate-rich carbonate sandstone. In
petrographic studies, it has been determined that sandstones are usually carbonate cemented and rich in volcanic
rock particles. Al203 values range between 5.22-10.86%, Fe203 values between 2.89-7.11%, and CaO values
between 6.13-36.02%. There is no significant difference in the samples regarding Na:0, K20, P20s, TiOz, and MnO,
respectively. When trace elements are evaluated, it is seen that the Ba, Sc, and Sr ratios of the samples are high. It
is seen that the Ba content reaches up to 541.86 ppm. Sc content varies between 76.13-201.03 ppm, and Sr content
ranges between 97.19-298.92 ppm.

According to the chondrite normalized trace element spider diagram of the sandstones [37], it is observed that
there is enrichment with large ion lithophile elements (LILE; Ba, Th, U) (Figure 4). Elements with high-field
strength elements (HFSE; Nb, Ti, Zr) show depletion. Positive Pb and Y anomalies are observed in the rocks. A
negative anomaly is observed in terms of Eu and P. The enrichment in Th indicates that heavy minerals containing
Th are situated in the volcanic rock particle.

A Rare Earth Element (REE) spider diagram [38] normalized to the Chondrite of sandstones was prepared
(Figure 5). At the same time, the values normalized according to PAAS are shown in the same diagram. According
to the diagram, enrichment by Light Rare Earth Elements (LREE; La, Ce, Pr, Nd) and a horizontal and near-
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horizontal distribution was observed for Heavy Rare Earth Elements (HREE; Er, Tm, Yb, Lu) for sandstones. There
is a negative anomaly in terms of Eu content. However, the values normalized according to PAAS show an inverse

proportional distribution compared to the normalized values (Figure 5).

Table 3. REE concentrations (ppm) and some ratios of the sandstones

ROCK Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone
SAMPLE KGD-9 KGD-10 KGD-12 KGD-13 KGD-14 KGD-15 KGD-20
Rare Earth Elements

La 6,81 10,56 7,42 11,69 8,05 8,11 5,61
Ce 20,59 21,24 15,32 22,89 16,30 15,24 11,92
Pr 3,50 2,34 1,85 2,89 2,11 1,78 1,46
Nd 18,88 9,23 7,43 11,03 8,63 7,18 5,99
Sm 6,44 2,47 2,06 2,33 2,12 1,85 1,92
Eu 2,15 0,83 0,60 0,51 0,57 0,52 0,68
Gd 9,72 3,14 2,73 2,81 2,85 2,62 2,20
Tb 1,62 0,38 0,36 0,37 0,35 0,36 0,30
Dy 10,71 2,11 2,10 2,30 1,87 2,30 1,75
Ho 2,26 0,42 0,45 0,50 0,38 0,50 0,38
Er 6,79 1,14 1,27 1,59 1,00 1,50 1,11
Tm 0,97 0,16 0,19 0,23 0,13 0,22 0,16
Yb 6,14 1,03 1,23 1,54 0,82 1,44 1,08
Lu 0,92 0,16 0,20 0,24 0,12 0,22 0,18
2 REE 97,49 55,23 43,22 60,90 45,30 43,84 34,74
2 LREE 58,36 46,67 34,70 51,33 37,78 34,67 27,58
Z HREE 39,13 8,56 8,53 9,58 7,52 9,17 7,15
Ce/Ce* 0,31 0,74 0,65 0,76 0,64 0,70 0,59
Eu/Eu* 1,26 1,40 1,19 0,93 1,08 1,11 1,55
Th/Sc 0,00 0,06 0,01 0,08 0,02 0,02 0,02
La/Sc 0,10 1,25 0,58 0,78 0,21 0,80 2,14
La/Co 0,30 7,31 2,65 3,65 1,18 2,98 10,94
Th/Co 4,31 7,43 6,06 5,66 7,54 5,27 5,85
Ba/Sc 0,33 0,20 0,22 0,20 0,21 0,25 0,20
Ba/Co 0,93 1,17 1,03 0,95 1,19 0,94 1,02
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Table 4. PAAS normalized REE concentrations (ppm) of the sandstones

ROCK Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone Sandstone
SAMPLE KGD-9 KGD-10 KGD-12 KGD-13 KGD-14 KGD-15 KGD-20
La 0,178 0,276 0,194 0,306 0,211 0,212 0,147
Ce 0,259 0,267 0,192 0,288 0,205 0,192 0,150
Pr 0,396 0,265 0,210 0,327 0,239 0,201 0,166
Nd 0,557 0,272 0,219 0,325 0,255 0,212 0,177
Sm 1,161 0,445 0,372 0,420 0,382 0,333 0,346
Eu 1,987 0,773 0,560 0,472 0,529 0,485 0,633
Gd 2,085 0,674 0,585 0,603 0,612 0,562 0,472
Tb 2,098 0,495 0,461 0,473 0,449 0,468 0,386
Dy 2,287 0,452 0,449 0,492 0,400 0,492 0,374
Ho 2,276 0,426 0,454 0,501 0,382 0,502 0,380
Er 2,384 0,401 0,447 0,558 0,352 0,527 0,388
Tm 2,395 0,404 0,472 0,576 0,333 0,538 0,396
Yb 2,176 0,365 0,437 0,546 0,290 0,512 0,383
Lu 2,135 0,373 0,451 0,553 0,270 0,513 0,413
g

SAMPLE/REE CHONDRITE

La Pr Pm Eu Tb Ho Tm Lu
|

-
S T T T T 3l T
Ce Nd Sm Gd Dy Er Yb

Figure 5. Spider diagram of chondrite and PAAS normalized REE elements

Ce anomaly is a parameter used to determine the redox conditions of the environment [39]. Ce is found in
trivalent terrestrial sedimentary and igneous rocks [40]. In addition, different cations of Ce are found in seawater
in anoxic or suboxic environments [41]. According to these Ce values, the environment can be interpreted. A
diagram was prepared to reveal the Ce anomalies of the sandstone (Figure 6). According to this diagram, it can be
said that although the amount of oxygen in the deposition environment remains the same for a long time, there is
some change in the transition zone.

4. Provenance
To reveal the provenance traces of the sandstones, the diagram was prepared using the main oxide values [42].

According to the prepared diagram, it was determined that the sandstones were fed from intermediate and mafic
magmatic sources (Figure 7).
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To determine the geotectonic environment of the sandstones, a change diagram based on the first and second
differentiation functions proposed by Bhatia [1] was prepared (Figure 8). According to the prepared diagram, 3 of
the samples fall in the passive margin area, 3 in the continental arc area, and 1 in the island arc area.

According to the diagram of Suttner and Dutta [43], which was prepared according to the major oxide values,
the rocks were formed in semi-arid and arid environment conditions (Figure 9). 1 sample reflects the humid

environmental conditions.
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Figure 8. F1-F2 discriminant function diagram of Figure 9. Chemical maturity of sandstone [43]
sandstones [1]

For sandstones, most of the samples examined in the (Fe203+Mg0)-TiOz diagram [1] are distributed outside
the defined areas (Figure 10a). Only one specimen is located in the active continental margin area. In the
(Fe203+Mg0)-(Al203/Si02) diagram [1], many samples fall into the active continental margin area (Figure 10b). In
the La/Th variation diagram developed by Bhatia and Crook [2], the samples fall into the island arc area (Figure
10c), and in the Th-Co-Zr/10 diagram (Figure 10d), the samples fall into the island arc area.

Th and Sc are important and useful elements in provenance interpretations [8]. In addition, Eu anomalies have
a critical role in the diagnosis of provenance. For this reason, Eu anomaly and compositional variations [44] of
magmatic origin rocks were evaluated together in the Th/Sc diagram [45] (Figure 11). It has been determined that
some of the sandstones exhibit a similar distribution to the basaltic composition and some present different
characteristics. In addition, strategically important La/Sc, La/Co, Th/Co, Ba/Sc, Ba/Co, and Th/Sc ratios were
determined and correlated according to the compositional variations of granitic and volcanic rocks [44]. These
data show that the sandstones are fed from basaltic composition, but some are from rocks of different
characteristics.
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5. Conclusion

The petrographic and geochemical properties of the sandstones, which are located in a very complex area and
represent the upper levels of the lithologies belonging to the ophiolitic melange, have been revealed. As a result of
the study, it was determined that the sandstones defined as lithic arenite were fed from intermediate and mafic
magmatic sources and concentrated in the tectonically active continental area and island arc area.

When sandstones poor in REE are normalized according to PAAS, a distribution inversely proportional to the
primary situation emerges. Ce anomaly shows that the same oxygen environment has existed in the environment
for a long time, but this situation has changed somewhat in the transition zone.

In the Si02-Al203+Na20+K20 diagram, it was determined that the environment was arid and semi-arid. The
amount of HREE is considerably higher than the amount of LREE. La/Sc, La/Co, Th/Co, Ba/Sc, Ba/Co, and Th/Sc
ratios, which have critical roles in provenance studies, were determined and compared with the compositions of
granitic and volcanic rocks. According to these results, it has been determined that the sandstones reflect a unique
characteristic. Isotope studies should be done for more detailed interpretations.
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Abstract

Tiirkiye mostly on the seismic belt and it causes serious loss of life and property. To
prevent this, quake proof structures should be developed and more research should be
studied. While reinforced concrete shear walls are common in earthquake resistant
buildings in Tiirkiye, steel usage has not spread. Reinforced concrete structures, which
are well-known in project design and application used frequently. Steel structures have
been used typically world-wide since the old years while different and innovative
methods have been developed and new studies are continuing. Within the area of
research, three different system models were designed including a reinforced concrete
system without shear walls, a reinforced concrete system with a shear wall on the
outermost axis and a reinforced concrete system with a steel cross on the outermost axis
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then examined. The analyzes are modeled in the SAP2000 program which is
internationally accepted and frequently used in academic studies and it will be designed
according to the Turkish Building Earthquake Code (TBDY-2018). Modeled buildings
were analyzed using the equivalent earthquake load and time history calculation
method.

1. Introduction

68% of all earthquakes in the world are in the Pacific belt, 21% are in the Mediterranean-Himalayan belt and
the remaining 11% are in other continents. Turkey is located in the Mediterranean - Himalayan belt from these
belts [1]. World earthquake map is shown in Figure 1. It is a fact that we will suffer great loss of life and property
due to frequent earthquakes in the future, just as there have been many devastating earthquakes in our country in
the past. According to the Turkey Earthquake Hazard Map, it is known that 92% of our country is in earthquake
zones, 98% of our population lives under earthquake risk, and 98% of large industrial centers and 93% of our
dams are located in earthquake zones. In the last 58 years, 58,202 citizens have lost their lives, 122,096 people
have been injured, and approximately 411,465 buildings have been destroyed or severely damaged by
earthquakes. As aresult, it can be said that an average of 1.003 citizens die and 7,094 buildings are destroyed every
year due to earthquakes [2].
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Figure 1. World Earthquake Map [3]

In the rapidly developing world, while the needs of humanity are increasing, new designs and models have
been sought. Our choice of materials and design methods that we can use when designing buildings is quite wide
and increasing. This increase offers new options while solving space and volume in architecture. This provides
architectural diversity. Since it is important that the building models to be designed are constructable, the
development of construction techniques leads to new designs.

In the buildings built in our country, importance is given to aesthetics and architecture as well as to the
economic and robustness of the building. Since our country is in an earthquake zone, one of the most important
forces affecting our buildings is earthquake. Earthquake is a reality for our country and we engineers need to do
various researches and studies for this. In this study, it is aimed to compare the performances of reinforced
concrete (RC) shears used in large areas in our country and steel cross against earthquakes. In addition, it is aimed
to expand the scope of the study and to find detailed results for wider data by taking the placement of both
reinforced concrete shears and steel cross to be used instead of shear walls in different places

Reinforced concrete shear wall structures are used very frequently in our country and in the world. In addition,
different studies have been carried out on reinforced concrete. Steel plate structures have been widely used in the
United States, Canada and Japan since the 1970s, and these structures have not suffered serious damage as a result
of earthquakes [4]. Common strengthening methods are based on two basic approaches. The first of these is to
strengthen the structure by adding steel diagonal elements or shear walls, and the other is to increase the strength
of structural elements such as column beams in reinforced concrete structures or to increase the performance of
the structure by strengthening the column-beam junctions [5]. In similar studies, it has been observed that the
reinforcement area decreases in reinforced concrete sections when steel cross is used. In addition, when
calculating the approximate costs of the structures, he concluded that the cost is 3.09% more economical if steel
cross is used [6].

2. Material and Method

In order to ensure that the reinforced concrete buildings, which are used extensively in our country, are reliably
strong, some regulations are used while static calculations are made. TBDY-2018 is the regulation that should be
taken as a basis in order to determine earthquake forces and to build resistant structures in Turkey [7]. Earthquake
forces can be determined by dynamic analysis, taking into account ground accelerations and the mass, stiffness
and damping properties of the structure [8]. Earthquake forces cannot be taken as a constant load for every
structure and situation because they are not a certain force. Many approaches and methods have been developed
on the subject.

Two of the three most commonly used methods were used in this study. The methods that are considered to
be used are the equivalent earthquake load method and the calculation method in the time history. Equivalent
earthquake load method is based on the first mode of the building and it is accepted that the earthquake forces
acting on the floors are proportional to the floor mass and the height of the floor from the foundation. Since the
mass of the building is taken into account in the calculation of the vibration period and the distribution of the
earthquake load, this method can be considered as a dynamic method based on the first degree of freedom of the
building [9]. The purpose of the calculation method in the time history is to integrate the equation of motion of the
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system step by step, taking into account the nonlinear behavior of the carrier system. During the analysis, the
displacement, plastic deformation and internal forces occurring in the system at each time increment and the
maximum values of these magnitudes corresponding to the earthquake demand are calculated [10]. In this
method, according to (TBDY-2018), at least 11 earthquake records should be used and the two perpendicular
horizontal components of these acceleration records should be simultaneously acted on in the direction of the X
and Y principal axes of the carrier system. In addition, a maximum of three acceleration records from the same
earthquake should be used [7-11]. 11 different earthquake records were selected to analyze with the calculation
method in the time history. These records were taken from the Earth motion database of the Pacific Earthquake
Engineering Research Center (PEER) and scaled [12].

3. Modeling of The Structure

Our structure has been designed in accordance with the TBDY-2018 regulation, considering that C30/37 class
concrete, B420C class reinforcement and S355 class steel cross are used. The foundation is not included in the
calculations and the columns at the ground level are defined as built-in. Calculations and analyzes have gained
worldwide reliability and the widely used Structural Analysis Program (SAP2000) is used [13]. The location where
the building is thought to be was chosen in Eyiip district of Istanbul province and is shown in Figure 2. Ground
class is determined as ZB.

Figure 2. The location where the designed building is th;).ughf to be [2]

Our building is designed to stand without collapse under the effects of earthquakes. The cross-sectional
dimensions of the building are given in Table 1.

Table 1. Cross-sectional dimensions of the structure

Material Section
Column 50x50 cm
Beam 50x30 cm
Shear wall 30 cm
Slab thickness 15 cm
Steel cross HE120A

The structure is designed in a symmetrical square form in order to understand the analysis results more
efficiently in terms of x and y. The floor heights are 3 meters equally on each floor and the column openings are 5
meters.

In Model 1, there are only reinforced concrete column and beam elements in the structure. Three-dimensional
finite element model of the structure and two-dimensional structural system plans is shown in Figure 3.

In Model 2, there are reinforced concrete columns, beams and shear wall elements in the building. Three-
dimensional finite element model of the structure and two-dimensional structural system plans is shown in Figure
4,

In Model 3, there are reinforced concrete columns, beams and steel cross members in the structure. Three-
dimensional finite element model of the structure and two-dimensional structural system plans is shown in Figure
5.
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Figure 3. Model 1's (a) three-dimensional finite element model and (b) two-dimensional carrier system plan
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Figure 4. Model 2's (a) three-dimensional finite element model and (b) two-dimensional carrier system plan
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Figure 5. Model 3's (a) three-dimensional finite element model and (b) two-dimensional carrier system plan
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4. Results
The period values obtained as a result of the analysis of our structure is shown in Figure 6. Since the first two

modes of our structure are symmetrical, the first modes are equal in the x and y directions, and the third mode is
torsion.

Build periods
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Figure 6. Modes of analyzed systems
Base shear forces determined as a result of 11 different earthquake records of the building are given in Table

2.In the model, in which steel cross elements are used instead of reinforced concrete walls, decreases in base shear
walls forces are observed.

Table 2. Base shear forces determined as a result of 11 different earthquake records of the building

Models Fx + (kN) Fx - (kN) Fy + (kN) Fy - (kN)
Model 1 734.98 703.56 1030.9 1263.65
Model 2 4164.33 4153.07 4397.34 4520.31
Model 3 1724.63 1802.44 1826.72 1930.43

As aresult of 11 different earthquake recordings of the building, the section effects affecting the corner column
at the ground level are given in Table 3.

Table 3. Section effects of the building determined as a result of 11 different earthquake records
Models P+ P- V2 + V2 - V3 + V3 - M2 + M2 - M3 + M3 -
(kN) (kN) (kN) (kN) (kN) (kN) (kNm) (kNm) (kNm)  (kNm)
Model1 93749 937.49 15.82 16.62 28.06 22.48 62.02 49.93 32.23 33.20
Model 2 937.50 937.51 14.69 14.99 15.23 15.12 31.98 31.81 30.64 31.21

Model 3 93750 93750 29.52 27.98 31.60 29.39 64.48 60.76 61.98 57.68

5. Conclusion and Discussion

As aresult of the limited research and analysis, the reinforced concrete system model without shear walls, the
system model with reinforced concrete shear wall, and the system models in which steel cross are used instead of
shear walls in reinforced concrete structures have been examined. The analyzes made give us many parameters
and provide data that can lead to many researches. As a result of the data obtained from the analyzes, it is seen
that there are situations where steel can better meet the earthquake effects in structures in systems where steel
cross is used instead of shear wall in reinforced concrete buildings. By developing these models and similar
models, the structures can be strengthened against earthquakes by using steel elements in reinforced concrete
structures. As a result, more earthquake resistant buildings can be constructed. The results obtained in this study
are not yet completely finished and will be developed.
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1. Introduction

The organism's protection against foreign and harmful substances is possible with the immune response. The
defense against foreign and harmful substances entering the living organism is carried out by the cells and
molecules of the immune system. This protective response created by the organism is described as the immune
response [1].

Antigens are molecules that are foreign to the system of the living organism and take part in the production of
the immune response. As a result of the immune response, antibody molecules are formed. These antibodies
specific to the antigen can bind to neutralize its activities or to eliminate the pathogens associated with the
antigens. Antigens show binding with antibodies specific to them. The realization of binding between antigens and
antibodies occurs through epitopes, which are also called determinant groups [1-3].

Under normal conditions, the organism does not produce an immune response against its autoantigens, that s,
its own structures, and does not start an immune reaction, and this event is characterized as immune tolerance.
However, the organism can create an immune response against its own antigens under the influence of some
factors, and this leads to the emergence of autoimmune diseases. These factors occur as a result of changes in the
chemical or physical properties of the organism's own antigens or immune system cells. In other words,
autoimmune diseases occur as a result of impaired immune tolerance [1,4].

There are some factors that trigger the formation of the autoimmune diseases. These factors can be listed as
hormonal, immunological, environmental as well as genetic ones [5].

Autoimmune diseases can cause dysfunction and damage to the tissues, as well as adversely affect the body's
systems and certain organs [6].
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2. MS Disease

Multiple sclerosis (MS) disease affects the central nervous system; it is a chronic, autoimmune and neurological
disease characterized by the inflammation. In MS disease, which causes significant cognitive or physical problems,
axon, oligodendrocyte and myelin sheath are damaged [7-9].

The axons of the neurons are surrounded by the myelin sheath. In MS disease, the myelin sheath is perceived
by some immune system cells as a foreign substance against the body, and during the disease development, the
immune system damages the myelin sheath [10].

MS disease is mostly seen in young adults (between 20 and 40 years of age), although it may rarely start at the
age of 50 and above, or in childhood. The incidence of MS disease is higher in women than in men [11,12].

2.1. Symptoms of MS Disease

Different parts of the central nervous system can be affected in MS. This results in differences in signs and
symptoms among sick individuals. Some of the symptoms seen in MS disease include; speech problems,
depression, vision problems, difficulty walking, cognitive impairment, swallowing problems, fatigue, tingling and
numbness, attention deficit and respiratory problems [8,9].

Fatigue Problem: Fatigue is among the common symptoms that occur in individuals with MS and prevent them
from performing daily activities. Although the cause of the fatigue problem has not been clearly clarified, it is
thought that some factors (such as depression, spasticity) affect this situation. Approximately 70% to 95% of
individuals with MS have symptoms of fatigue [7, 13-15].

Cognitive Problems: One of the symptoms seen in individuals with MS disease and affecting the quality of life
of the individual is cognitive problems. Forgetfulness is one of the cognitive problems seen in MS patients [14].

Speech Problems: Speech problems that occur in individuals with MS disease can be seen together with
swallowing problems. Some changes in speech speed and hoarseness are among the speech problems of the
patients [14,15].

Walking Problems: Walking problems can be seen in different stages of the MS disease. This situation has a
negative effect on the daily activities of the patients [7].

2.2. Risk Factors Affecting the MS Disease

The reason for the development of MS disease remains unclear, but some factors are thought to trigger this
condition. In general, among these factors; some autoimmune mechanisms, genetic predisposition, environmental
factors, gender and age factor can be counted [8,16].

Deficiency of some vitamins such as B12 and D can be listed among the environmental risk factors that can
trigger the development of both MS and some neurological diseases. Epstein-Barr virus (EBV) infection may also
be among the environmental risk factors that can trigger the development of the MS disease. The incidence of MS
disease is higher in individuals exposed to EBV infection in childhood, adolescence or later, compared to the other
individuals who were not exposed to this virus [9,17].

The genetic predisposition factor, which is thought to have an effect on MS disease, is gaining importance day
by day. The incidence of MS is higher in first-degree relatives compared to the general population, and in
monozygotic twins compared to dizygotic twins. This supports that there is a relationship between genetic factors
and the development of MS disease [18].

Itis stated that there is a relationship between some human leukocyte antigen (HLA) molecules and MS disease.
In other words, it is suggested that HLA molecules play a role among the factors that affect MS development [9,18].

It has been determined that the factors of gender and age also have an effect on the development of MS. The
incidence of MS disease is higher in young adults compared to older individuals, and in females compared to the
males [8].

Smoking, obesity, radiation, some chemical wastes, race and climatic conditions are among the factors that may
directly or indirectly affect the development of MS disease [9,17,19].

2.3. Diagnosis of MS Disease

Demonstrating lesions in the central nervous system becomes the principle of the diagnosis of MS disease.
Being able to make an early diagnosis of the disease is very important in terms of choosing the necessary treatment
method to be preferred. There is no single diagnostic test for MS disease. Magnetic resonance imaging (MRI) and
cerebrospinal fluid analysis help in the diagnosis of the disease. In addition, it is very important to learn about the
nutritional habits of individuals, some diseases, if any, and the drugs they use in the diagnosis of MS disease [7-9,
12].
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In addition to MRI and cerebrospinal fluid analysis; some other tests such as neurocognitive tests, evoked
potentials, blood tests, urodynamic tests, electrophysiology and biopsy are among the tests that help in the
diagnosis of MS [7,20].

2.4. Pathophysiology of MS Disease

Ithas been determined that the immune system is involved in the destruction of both nerve cells and the myelin
sheath. In MS; Plaques occur with the loss of axons, inflammation and demyelination. In other words, cells that
play a role in the immune system cause damage to the myelin sheath, and thus plaque formation occurs as a result
of this situation. Some cells have been identified in the plaques that occur in the MS patients’ central nervous
system. Among some of the identified cells; B lymphocytes, T lymphocytes, plasma cells, macrophages, microglia
cells are included in the development of the disease [8,21-23].

In the pathogenesis of MS, the blood-brain barrier is damaged. As a result of this damage, the permeability of
the barrier is impaired. Damage and deterioration of the blood-brain barrier occurs as a result of the formation of
lesions in the part of the brain and spinal cord that is described as white matter or white matter [24,25].

MS disease is thought to be mediated by T cells. CD4+ T cells have been detected in both the cerebrospinal fluid
and blood of individuals with MS. However, the role of CD4+ T cells in the pathophysiology of the disease has not
been clearly defined. In addition, it is known that CD8+ T cells can also be found in the MS lesions and thus play a
role in the pathogenesis of MS [9,24].

It is known that Th1l and Th17 cells play a role in the pathogenesis of MS disease. Thl and Th17 cells
differentiate from CD4+ T cells. Some pro-inflammatory cytokines are secreted by Th1 and Th17 cells. Th1 and
Th17 cells increase the inflammation that lead into the pathogenesis of MS [26,27].

It is known that B cells, which are involved in the antibody formation, also play a role in the pathogenesis of MS
disease. In addition, B cells also have some roles such as producing some cytokines and activating T cells to further
contribute the disease development. In this context, B cells may also have an effect on the course of MS disease.
The presence of oligoclonal bands in the cerebrospinal fluid and the detection of B cells in MS lesions are among
the findings showing that B cells are also involved in the pathogenesis of the MS disease [26-28].

B cells are involved in the secretion of some pro-inflammatory cytokines. This may cause loss of function in
neuronal cells. TNF-a, IL-6, IL-12 and IFN-y are among some of the secreted pro-inflammatory cytokines. B cells
can also have positive effects on the central nervous system. These positive effects occur thanks to some anti-
inflammatory cytokines they secrete [28].

2.5. Some Treatment Methods in MS Disease

The methods used for the treatment of MS disease are applied for specific purposes. Some of the aims of the
applied methods are; increasing physical abilities, relieving symptoms, reducing the frequency and duration of
attacks. Currently there is no real treatment method to overcome the disease [20].

2.5.1. Attack Treatment in MS Disease

It is very important to treat the attacks at a level that can increase the quality of life of the patients. These
attacks limit their activities and cause functional losses. Reducing the duration of the attacks is among the goals of
the attack treatment applied in the MS disease [7,25].

Corticosteroids are frequently used in the treatment of attacks of MS disease. Steroids used in this context have
anti-inflammatory effects [25,29].

Plasmapherase administration; it is among the preferred treatment options in cases where corticosteroid
treatment is not sufficient and the expected outcome of the corticosteroid treatment is not obtained [29].

2.5.2. Interferon Beta (IFN - ) Treatment in MS Disease

The disease-modifying nature of IFN-f3 and its immunomodulatory effects make it possible to use this agent in
the treatment of the MS disease [12,27,29].

IFN-f has some effects on the MS disease. These effects can be listed as: it reduces the secretion of the pro-
inflammatory cytokines and increases the secretion of the anti-inflammatory cytokines, and regulates the activity
of the regulatory T cells [7,8,26].

Thanks to some immunological effects of the IFN-[3, a decrease in inflammation in the central nervous system
and a slowdown in the progression of disability are observed. However, there may be some side effects of IFN-f3
therapy. These side effects are; appearance of some reactions on the skin, muscle pain, headache, depression, liver
problems, fever, itching, anemia, and fatigue [7,12,26,27].
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2.5.3. Glatiramer Acetate Treatment in MS Disease

Another treatment approach for MS disease is glatiramer acetate (GA) treatment. In individuals with MS,
treatment with glatiramer acetate, an immunomodulatory agent, reduces the recurrence rate and the symptoms
that occur. Glatiramer acetate has a mechanism of action that is different from the IFN-f8 agent and has not been
elucidated in details [8,12,27].

Glatiramer acetate treatment may also cause some mild and serious side effects in individuals with MS. Some
of the side effects include; some temporary conditions include fever, respiratory problems, digestive problems,
palpitations and chest tightness [27,29].

2.5.4. Stem Cell Therapy in MS Disease

While stem cells are used for the purpose of curing and treating some diseases, they are also involved in
repairing the damage that occurs in the myelin sheath of the nerve cells. In this context, it is stated that some stem
cell types contribute to neurological recovery and prevention of attacks, and also play a role in limiting neuronal
damage [7,10,30].

2.5.5. Symptomatic Treatment in MS Disease

It is very important that symptomatic treatments to be applied in individuals with MS disease are preferred in
line with the needs of the sick individuals. In addition, in this context, informing the patient about the possible side
effects of the treatment and the predicted results for the treatment becomes an important situation. Symptomatic
treatment options for MS disease vary according to the symptoms seen in the patient, but in general, they are
aimed at increasing the quality of life of the individuals [8,13].

3. SLE Disease

Systemic lupus erythematosus (SLE) disease; is a chronic autoimmune disease that can affect the tissues and
organs, cause organ damage, and whose etiology has not been clearly elucidated. It causes damage to the kidneys,
skin, nervous system, joints and some organs, this situation is mediated by the immune complexes [31-33].

SLE disease, which can be seen in individuals of all ages, can be seen rarely in childhood. This disease is mostly
seen in individuals between the ages of 20 and 40 years [34,35].

It can affect both genders, but is more common in females (mostly during childbearing) compared to the males
[33,36,37].

Itis thought that many factors have an effect on the occurrence of SLE, that’s why different symptoms can occur
[37,38].

3.1. Some Symptoms and Findings in SLE Disease

Various symptoms and signs may occur in individuals with SLE disease. Some of the symptoms seen in SLE
disease include; kidney disease, some skin findings, neuropsychiatric symptoms, musculoskeletal system
involvement, arthritis, headache and muscle pain, weakness, weight changes, fatigue, and fever [36,37,39].

While symptoms such as fatigue, fever and weakness are usually encountered in the early stages of the disease,
the symptoms that occur in the organs are usually encountered in the later stages of the disease [31].

Vitamin D deficiency, anxiety, obesity, depression and some factors can be counted among the causes of fatigue
problem encountered in SLE [31].

Skin lesions that may occur in SLE may increase with exposure to the sunlight. A rash usually occurs on the
cheeks and nose area after the sun exposure [33,40].

Musculoskeletal symptoms are common in individuals with SLE. In this context, arthralgia, myalgia and joint
arthritis that affect small or large joints may occur [33,37,39].

Neuropsychiatric symptoms are reported in some individuals with SLE. In this context; conditions such as
mood disorders, depression and headaches can be seen [37,39].

Dermatological symptoms can also be seen during the course of SLE. In this direction, some skin rashes and
skin lesions may also occur [37].

Kidney disease can be seen in some individuals with the disease. Kidney involvement can be seen in
approximately half of the individuals suffering from SLE [36,39].

Cardiovascular effects such as myocarditis, pericarditis and endocarditis and gastrointestinal involvement
(with symptoms such as abdominal pain and nausea) can also be observed in SLE patients [33].
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3.2. Some Factors That Can Affect the Development of SLE

Although the etiology of SLE is not known with certainty, there are some factors that are thought to be
associated with the development of the disease. Among these factors; genetic factors, environmental factors,
immunological factors, hormonal factors can be listed as risk factors [33,38].

Presence of the disease in first-degree relatives may increase the probability of SLE disease development in the
individual. In other words, it is thought that there is a relationship between genetic predisposition and SLE. It has
been suggested that some environmental factors also play a role in the development of the disease. These
environmental factors are; some drugs, smoking, stress, ultraviolet rays, some supplements, hormones, some
infections, silica exposure, and some foods [32,33,36,40,41].

3.3. Pathogenesis of SLE

Although the etiopathogenesis of SLE has not been clearly elucidated, some factors are thought to be involved
in the pathogenesis [40].

Impairment of the immune tolerance is very important in SLE development and severity. In this context, T cells
have a major role [38].

Disturbances in regulatory T cell functions and some immunological abnormalities are among some of the
pathological features of SLE. There is a relationship between SLE disease and dysfunctions in helper T cells [38,40].

It has been found that there is a decrease in TGF-3 cytokine and an increase in IL-10 cytokine in individuals
with SLE disease [41].

Some autoantibodies can also be identified in SLE patients [33].

3.4. Some Treatment Approaches in SLE

Treatment of SLE may differ depending on different factors such as the course of the disease and its severity.
In this context, the drug classes used vary depending on the severity of the disease. However, some suggestions
are given for individuals with lupus in general. These recommendations are; not smoking, applying the necessary
nutrition program and protection from the sunlight. In addition, performing adequate and regular exercises, and
providing protection against ultraviolet light are among some of the conditions that should be considered in this
context [31,33,39].

3.4.1. Treatment with Antimalarial Agents in SLE

Some antimalarial agents have been useful in patients with SLE who have fatigue, fever and musculoskeletal
symptoms. These anti-malarial agents suppress the symptoms associated with SLE [33,40].

Hydroxychloroquine can be used as part of this treatment. The hydroxychloroquine agent is known to be
beneficial for arthritis and skin symptoms, it reduces the inflammation in those areas [32,33].

3.4.2. Glucocorticoid Treatment in SLE

Glucocorticoid therapy may be preferred to decrease the disturbing symptoms of the lupus disease.
Glucocorticoid therapy can be applied at the different doses depending on the course of the disease [31,40].

3.4.3. Treatment with Immunosuppressive Agents in SLE

Depending on the course of the disease, immunosuppressive agents can be used within the scope of the
treatment for the disease. Cyclophosphamide is among the immunosuppressive agents that have been mostly used
in SLE patients [31,33].

4., Conclusion

Autoimmune disorders lead to the symptoms that reduce the patients’ quality of life. Although treatment
approaches for the autoimmune diseases have progressed significantly and positively, especially in recent years,
these treatment approaches are generally applied to increase the quality of life of the patient and to reduce the
symptoms seen in the course of the disease rather than enabling a total cure for the disease. Novel biocompatible
drug candidates should be generated by the biotechnological tools to eliminate the main reasons behind the
development of the disease rather than just focusing on the elimination of the symptoms [42]. Future studies
should focus on the disease development mechanisms for different autoimmune disorders and how to interfere at
each point of the progress in order to develop better treatment approaches.
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1. Introduction

Abstract

The province of Mardin is an area where stone material is concentrated in terms of its
geographical region, and it is a city that is under protection as a protected area with its
historical buildings made of local Mardin stone extracted from the region. However, in
the historical city of Mardin, as in the rest of the world, stone structures are subject to
deterioration due to various effects and protection interventions are often needed in the
region. The lack of information on the compatibility of materials used in the past years
in Mardin, as in many other countries, has caused serious damage to historical textures
and structures in many cases. Today, integrated studies of the analysis of available
materials and the selection of restoration materials are often included in the restoration
programs of monuments. The aim of this study is to document the characteristics of the
local Mardin stone, the material problems it is exposed to, through stone material and
mortar samples taken from a historical residence in Mardin, and thus to contribute to the
selection of compatible restoration materials for the sustainable management of the
structures in the geographical region. In this context, an examination was made on the
materials and mortar samples used in the building, which constitutes a representative
sample from the building. Analysis of proteins, fats and water-soluble salts with simple
spot tests on samples defined by visual analysis and their conductivity, the amount of
CaCO3 with the loss of 105 °C and 550 °C by calcination analysis, the content and
problems of the samples were investigated by determining the general texture and
mineral content by stereo microscope and petrography analysis, and the quality and
proportions of the aggregates of the acid-treated sample with stereomicroscope analysis.
The results of this study are important in terms of creating a guideline for the use of
compatible materials in the restoration stages in structures made with local Mardin
stone in Mardin. Based on the analysis results obtained in the study, it is hoped that
correct applications will be made in the selection of materials in the restoration
applications to be made in the geographical region.

Historical buildings deteriorate due to traditional building materials (stone, brick, air or hydraulic mortars,
etc.), certain environmental loads and unsuitable materials (cement, polymeric materials, etc.) used in previous
restoration interventions, and various restoration interventions are needed on the structures. In the restoration
materials used in the interventions, the original materials used in the building should be taken into consideration,
and in order to choose a compatible restoration material, the physical, chemical and mechanical behavior of the
repair material should be compared with the original ones. In order to make this comparison, before proceeding
to the repair phase in historical buildings, first of all, the properties of the materials should be determined in detail
on the mortar and material samples, which form a representative sample from the monument [1,2]. Restoration
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materials to be used for historical buildings and monuments are a frequently discussed topic in the repair phase
of buildings in the world [3]. Today, integrated studies of the analysis of existing mortars and the design of
restoration mortars are often included in the restoration programs of monuments [4,5]. The purpose of the
analysis of historical materials is to obtain information about the physical and chemical composition of the
materials as well as the production technology [6]. However, after this accumulation of knowledge, a detailed study
on the synthesis of compatible mortars and materials in order to proceed with the restoration of the historical
structure can lead to correct results in conservation applications [7].

Recently, scientific conservation studies have been carried out to clarify the deterioration factors by non-
destructive diagnosis on the samples taken from the building based on the characteristics of the stones that make
up it, in order to establish a systematic approach to the preservation of stone cultural heritage [8-12]. Petrographic
and spectroscopic analyzes have proven useful in several studies to establish a guideline for the use of compatible
materials in the restoration phase [13]. Patil et al [14] carried out microscopic studies such as petrographic and
Scanning Electron Microscopy (SEM), Energy Dispersive X-ray spectroscopy (EDS) calculation for detailed
characterization of stone degradation in Kopeshwar Temple and Panhala fort and found that these studies
provided sufficient information about the nature and distribution of the mineralogical phases and elements within
the basalt stone sample and the stone interface, which contributed to the identification of essential minerals and
the behavior responsible for stone degradation. Columbu et al [15] used petrographic and mineralogical analyzes
of stone materials to describe the chemical composition of rocks and to examine the surface properties of the stone
and found these methods to be useful for identifying possible old treatments used to identify and maintain surface
alteration processes. Campos-Sufiol et al. [16] used Optical microscopy, scanning electron microscopy-energy
dispersive x-ray spectrometry (SEM-EDX), x-ray diffraction, Raman spectroscopy, and infrared spectroscopy for
the microstructural and compositional analysis of the dark yellow patinas seen on the substrate of the stone in the
historical monuments of Ubeda and Baeza (Spain), and detected the types of deterioration on the patinas with
these methods. Colao et al. [17] used laser-induced failure spectroscopy and found that spectroscopy
measurements were a fast and effective method for detecting material deterioration. Theologitis et al. [18]
analyzed the mortar and plaster samples taken from the Frangokastello Castle in Sfakia (Western Crete) and
showed that the mechanical behavior of the restoration mortar can be compared with the historical ones. The data
obtained as a result of the analysis of the materials in the building showed that they formed a laboratory guideline
for the composition of the restoration material. It is stated that such applications have not yet been created on a
regional scale in many countries, especially in Crete, and that these analysis catalogs should be created on the basis
of geographical region in different countries.

In this study, it is requested to create a stone analysis catalog to be used in the restoration of stone structures
in Mardin province, based on the necessity of creating the stone analysis catalogs specified in the literature on the
basis of geographical region in different countries. The aim of the study in this context is to document the
characteristics of the local Mardin stone and the material problems it is exposed to, through the stone material and
mortar samples taken from a historical residence in Mardin, and thus to contribute to the selection of compatible
restoration materials for the sustainable management of the structures in the geographical region.

The lack of information on the compatibility of mortars and raw materials in the historical stone structures of
the city of Mardin, as in many countries, in many cases caused serious damage to the historical texture and
structures. Mardin Tamir Evi, located in the city of Mardin, which is the subject of the study, is a masonry structure
built of local Mardin stone, which has all the features of Mardin traditional houses selected within the scope of the
Mardin House Conservation and Repair Project. In recent years, it is seen that the signs of deterioration in the
structure have accelerated. Accurate identification of weathering forms and intensity is an important factor in
determining conservation methods. In the case study of a traditional house, which is a stone historical building, in
the Southeastern Anatolia region, stone material samples were analyzed and restoration materials compatible
with the existing substrate were investigated. Petrographic and spectroscopic studies were performed for detailed
characterization of stone degradation on stone samples collected from the study area to better understand the
composition and formation of degradation products, and to identify contaminants and to evaluate their effects on
limestone. These studies provided information about the local Mardin stone sample and the nature and
distribution of the elements, the nature and distribution of the mineralogy phases within the stone interface, and
the material degradation, which contributed to the identification of basic minerals and the behavior responsible
for stone degradation. Microstructural analysis reveals that the degradation process has already begun inside the
building blocks.

2. Material and Method

Within the scope of the "Mardin House Conservation and Restoration Project” carried out by the Cultural
Heritage Preservation Association and the Mardin Archeology Museum, 3 wood samples, 12 stone samples, and
from the deep between knitting stones12 mortar samples, were taken from the Mardin House from a building in
the Artuklu District of Mardin Province. The following analyzes were carried out in the Restoration-Conservation
and Analysis Laboratory of the Mardin Museum.
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Table 1. Stone samples

Sample No
1-Z01 (Stone)

Explanation
Itis a solid example of a yellowish light brown colored stone with black deposited dirt on its surface, taken from
the damaged part of the vault of the semi-open courtyard section of the house.

2-701 Ton. (Mortar)

It is a sample of brownish gray mortar, with white masses up to 4 mm in size, at least 4-8 mm in size, taken from
among the masonry stones in the damaged part of the vault of the semi-open courtyard section of the house,
which disintegrates while it is intact.

3-Z01 D.D. (Mortar)

It is a relatively solid sample of brownish gray mortar with white masses up to 2 mm in size, 3-5 mm in spatter,
and taken from the wall of the semi-open courtyard section of the house.

4-702 K.C.D. (Mortar)

It is a sample of brown-colored mortar containing aggregates up to 10 mm in size, relatively solid in place, and
dispersed when taken, taken from the south exterior (courtyard) facade of the house.

5-Z02 AK.C. (Stone)

It is a very solid example of a yellowish-brown stone with a layer of black dirt on its surface, taken from the
upper part of the niche of the well, located in the semi-open courtyard of the house.

6-202 A.K.C. (Mortar)

The south exterior (courtyard) fagade of the house is a solid example of cream-colored mortar with aggregates
up to 12 mm in size, taken from among the brickwork of the eastern window.

7-Z03 T.T.Y.T. (Stone)

It is an example of a solid yellowish-white stone, taken from the vault of the upper floor entrance room of the
house, from the blooming (salting) area.

8-7Z03 G.D. (Mortar)

The south wall of the upper floor entrance room of the house is a solid example of cream-colored, solid mortar
with a small amount of aggregates up to 4 mm, taken from the wall between the windows and between the
brickwork.

9-203 T.T.Y. (Stone)

The upper floor entrance room of the house is a solid example of light cream colored stone with yellow spots on
the surface, taken from the flowering part of the beginning of the vault in the north.

10-Z03 B.D.D. (Mortar)

It is a relatively weak sample of brown-colored mortar, which was taken from the masonry of the west wall of
the entrance room and the west wall of the house, containing aggregates up to 10 mm in size.

11-Z03 Y.D. (Stone)

It is a sample of solid, non-porous, cream-colored stone with yellow spots on the surface, taken from the ground
floor of the house, entrance room floor.

12-704 T.D. (Mortar)

It is a weak mortar sample taken from the vault that forms the ceiling of the second room of the house, dark
brown in color, the aggregates of which cannot be seen, but white masses up to 3 mm in size and a small amount
of ceramic pieces between 5-10 mm in size can be seen.

13-204 TK. (Stone)

Itis an example of a very solid, non-porous colored stone with a yellowish light brown color, with brown deposits
on the surface, taken from the arch of the vault that forms the ceiling of the ground floor and the second room of
the house.

14-704 D.D. (Mortar)

It is a light gray colored mortar sample taken from the east wall of the ground floor, second room of the house,
with white particles up to 4 mm in size and yellowish brown deposits on the surface.

15-Z05 Yiiz. (Stone)

Itis an example of a yellowish-cream colored, heavily fractured and cracked stone with dark yellow stained areas
on the surface, taken from the middle part of the vault of the entrance floor, second room of the house.

16-102 T.T.0. (Stone)

It is a solid example of yellowish-cream colored stone with visible cracks and cracks, with a black colored dirt
layer on the surface, taken from the vault of the second room of the house, from the surface of the place where
the salinization occurs.

17-102 D.D.Y. (Stone)

The upper floor fagcade of the house is a solid example of a light brownish-cream colored stone with eroded
surface and yellow stained areas from place to place, taken from its outer surface.

18-102 T.D. (Mortar)

It is a light gray and white colored solid mortar sample that has no aggregate but has a 6 mm white mass taken
from the vault of the upper floor entrance room of the house.

19-102 G.D.Y. (Stone)

This is a solid example of a brownish yellow stone with algae formation on the surface, soot and accumulation
pollution and a small amount of erosion, taken from the south wall of the upper floor entrance room of the house,
under the skylight.

20-102 G.D.B. (Stone)

It is a solid stone sample taken from the south wall of the upper floor entrance room of the house, between the
door and the window, in a brownish-cream color, with white areas up to 4 mm in size, with abundant flowering
and a small amount of erosion on the surface.

21-102 B.D.D. (Mortar)

Itis a brownish gray mortar sample taken from the west wall of the upper floor entrance room of the house, with
aggregates up to 6 mm in size, solid in place, and dispersed while taking it.

22-102 G.D. (Stone)

It is a solid example of a light brownish-cream colored stone with creamy-white particles up to 5 mm in size and
yellow deposited pollution on the surface, taken from the south wall of the upper floor entrance room of the
house, over the window in the direction of the door.

23-103 B.D. (Mortar)

It is a sample of cream gray colored mortar, containing cream-white particles up to 2 mm in size, solid in place
and disintegrating when taken, taken from the west wall of the upper floor entrance room of the house.

24-103 B.D.D. (Mortar)

It is a sample of brownish gray mortar, containing cream-white aggregates up to 6 mm in size, solid in place and
disintegrating when taken, taken from the west wall of the upper floor entrance room of the house.

25 (Wood) The lower floor of the house is a wood sample taken from the beams on the entrance door, with light yellow,
dark colored rots, drying cracks and insect flight holes visible.

26 (Wood) The lower floor of the house is a wood sample taken from the beam on the window, with yellow, dark rot and
insect flight holes visible.

27 (Wood) The upper floor of the house is a wood sample taken from the beams on the kitchen door, where light brown,

dark rots, drying cracks and insect flight holes can be seen.
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In this study, the content and problems of the samples whose definitions were made by the visual analysis were
investigated. Conductivity was investigated with analysis of protein, oil, and water-soluble salts with simple spot
tests, CaCO3 amount was investigated with 105 C and 550 C loss with calcination analysis, general texture, and
mineral content were investigated with a stereo microscope and petrography analysis, and quality and
proportions of the acid-treated aggregates were investigated with stereo microscope analysis. In addition, as a
result of examining the macroscopic properties of wood samples, the problems of wood were investigated, and by
examining the transverse radial and tangential sections prepared from these samples under the microscope, the
types of wood were investigated.

2.1. Protein and Fat Analysis with Water-Soluble Salts

Analyzes of simple spot tests were made to be able to determine the qualities of the water-soluble salts
(chlorine (C#-), sulfate (SO4=), carbonate (CO3=) and nitrate (NOs-) salts), and their amounts, and to decide
whether the addition of additives such as saponifiable oil and protein or not into the samples and the results are
given in Table 1.

Table 1. Protein and Fat Analysis of Samples using Water-Soluble Salts

Sample Cl- S042 CO32 NO3- Conductivity (us) Salt (%) Ph Protein 0il
1 + - - - 267 1.46 7.36 - -
2 + - - - 662 3.70 7.87 + -
3 ++ - - +++ 1227 6.88 7.68 + -
4 + - - - 325 1.82 7.67 + -
5 + - - - 241 1.34 7.47 - -
6 44+ + - 44+ 2863 16.03 7.50 - -
7 + - - + 507 2.83 7.89 - -
8 ++++ + - ++++ 2284 12.80 7.74 - -
9 + + - ++ 997 5.59 7.80 - -
10 ++++ - - ++ 1740 9.74 7.98 - -
11 +4+ - - + 556 3.11 7.79 - -
12 ++ - - - 345 1.93 8.04 + -
13 + - - - 273 1.52 7.83 - -
14 ++++ + - ++ 1540 8.62 7.43 - -
15 ++++ + - ++ 1586 8.89 7.65 - -
16 ++ - - + 419 2.34 7.88 - -
17 ++++ - - + 1122 6.29 7.84 - -
18 ++++ + - + 1000 5.60 8.32 + -
19 ++ - - - 427 2.40 8.08 + -
20 ++++ + - + 1336 7.49 7.91 - -
21 + - - - 724 4.05 8.38 + -
22 + - - - 259 1.45 8.34 - -
23 ++++ + - ++ 2193 12.29 7.66 - -
24 ++++ - - 4+t 3047 17.06 8.13 - -

-: Absent +: Present/Absent +:Few ++: Little +++: A lot of ++++: Many

2.2. Loss of Ignition, Acid Treatment and Sieve Analysis

The calcination (heat loss) analysis results of the samples at 105 + 5°C, 550 + 5°C and 1050 * 5°C, as well as the
proportion of silicate aggregates that did not react and remained intact as a result of acid treatment, and the size
distributions of these aggregates are given in Table 2.
2.3. Visual Analysis of Aggregates with a Stereo Microscope

The silicate aggregates of the samples, whose binders were destroyed by treatment with acid, were examined
under a stereo microscope after sieve analysis and their visible properties are given in this part. In the definitions,
the terms "very little" for less than 1% and "little" for 1-2% are used.

2.3.1. Sample 1-Z01(Stone)

5-10% of the 31.73% residue remaining after acid treatment of the sample is cream and brown colored, silt
and clay, and the remaining part is unreacted calcarenite masses.
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Table 2. Loss on Ignition and sieve analyzes of aggregates (*: Not applied)

# Loss on ignition Acid (%) Retained material on sieve (%)
Moisture 550 C° CaCOs Loss Residual 6300 4000 2500 1000 500 250 125 63 <63

1 0.05 0.44 98.59  68.27 31.73 * * * * * * * * *
2 1.61 8.88 71.27  90.37 9.63 0.00 0.00 0.00 2.29 3.82 534 3817 3893 1145
3 3.11 6.34 75.11 84.01 15.99 0.00 2.09 0.19 3.98 6.07 2410 42.69 1992 095
4 14.02 3.13 78.84 51.24 48.76 68.20 3.40 1.33 4.37 4.37 4.61 9.47 4.25 0.00
5 0.35 0.54 9346  89.87 10.13 * * * * * * * * *
6 9.87 7.46 83.80 76.39 23.61 54.88 3.55 0.55 0.67 2.99 9.42 18.63 7.76 1.55
7 1.00 2.71 101.10 97.06 2.94 * * * * * * * * *
8 11.01 7.66 82.53 80.48 19.52 0.00 0.00 0.00 3.74 2176 1736 47.03 9.23 0.88
9 1.93 2.13 9488 98.11 1.89 * * * * * * * * *
10 7.48 3.35 82.54 75.75 24.25 53.74 10.10 1.21 0.40 141 5.05 16.16 10.30 1.62
11 2.09 1.28 9840 97.71 2.29 * * * * * * * * *
12 20.76 2.02 76.20  88.20 11.80 0.00 0.00 0.00 0.00 0.00 5220 4644 136 0.00
13 0.26 0.21 98.50 96.47 3.53 * * * * * * * * *
14 10.00 3.07 86.50 88.87 11.13 0.00 0.00 0.00 0.41 533 2090 36.07 26.23 11.07
15 16.47 2.84 73.19  74.58 25.42 * * * * * * * * *
16 0.92 0.89 91.83  98.69 1.31 * * * * * * * * *
17 2.87 2.16 98.82 98.54 1.46 * * * * * * * * *
18 0.91 4.24 91.92 97.41 2.59 0.00 0.00 0.00 0.00 15.63 25.56 31.25 2344 3.13
19 0.14 1.65 99.00 99.28 0.72 * * * * * * * * *
20 2.44 1.63 99.92 98.98 1.02 * * * * * * * * *
21 1.02 3.16 65.40 87.34 12.66 0.00 3.19 0.35 3.90 4.61 1738 46.45 18.09 6.03
22 0.12 0.94 99.25 76.85 23.15 * * * * * * * * *
23 7.41 2.87 93.55 95.04 4.96 0.00 * 0.00 5.60 720 13.60 51.20 19.20 3.20
24 8.24 6.79 81.56  88.92 11.08 0.00 0.00 0.00 0.81 6.85 1290 4556 28.63 5.24

2.3.2. Sample 2-Z01 Tons (Mortar)

The remaining aggregates smaller than 125p of the sample after acid are only brick dust feldspar and
muscovite, few are black slag particles, and the rest are gray colored portland cement feldspar.

Of the 125-1000 p sized particles, few brick fragments and muscovite, very few black slag particles, 3-5%
volcanic rock particles, 10-15% quartz, the remainder are gray colored Portland cement feldspar mass.

The small amount of coarse aggregates (greater than 1000 pm in size) up to 2 mm in size, only a few brick
fragments, very few black slag particles, 5-10% volcanic rock particles, 25-30% gray Portland cement is feldspar
mass, the remainder is quartz.

Aggregates of the sample remaining in the acid, 1 mm under sieve size, a single shard of brick and muscovite,
very little black slag particles, 3-5% volcanic rock particles, 10-15% quartz, the rest gray portland cement feldspar
and is its mass.

2.3.3. Sample 3-Z01 D.D. (Mortar)

The remaining aggregates smaller than 125pu of the sample after acid are only brick dust feldspar and
muscovite, few are black slag particles, 15-20% are ash, the remainder are gray colored portland cement feldspar.

Of the 125-1000 p sized particles, very few brick fragments and muscovite, very few black slag particles, 5-
10% volcanic rock particles and quartz, the remainder are ash and gray colored Portland cement feldspar mass.

Of the coarse aggregates, 1 of which is 5 mm in size and generally up to 2 mm in size, a single piece of brick is
broken, very little is black slag particles, 20-25% is volcanic rock particles and quartz, the rest is ash and gray
colored portland cement feldspar mass.

1 of the aggregates remaining in the acid is 5 mm in size, generally in 2 mm under sieve size, only a few brick
fragments and muscovite, very little black slag particles, 5-10% volcanic rock particles and quartz, 15-20% ash,
the remainder is a gray colored Portland cement feldspar and mass.

2.3.4. Sample 4-Z02 K.C.D. (Mortar)

3-5% of aggregates smaller than 125u remaining after acid are black slag particles, the rest is brown silt and
clay.

Few of the 125-1000 p sized particles are brick fragments, 3-5% are black slag particles, the remainder is
brown clay and silt mass.

The coarse aggregates, generally up to 10 mm in size, consist of very few brick fragments, very few black slag
particles, some volcanic rock particles and quartz, and the rest unreacted limestone particles.

Aggregates remaining in the acid, with a size of 10 mm under a sieve, very few brick fragments, some volcanic
rock particles and quartz, 3-5% black slag particles, 10-15% brown clay and silt, the rest is unreacted. limestone
particles.
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2.3.5. Sample 5-Z02 A.K.C. (Stone)

After the acid treatment of the sample, 10-15% of the remaining 10,13% residue is brownish yellow, silt and
clay, and the remaining part is unreacted calcarenite masses.

2.3.6. Sample 6-Z02 A.K.C.(Mortar)

Few of the aggregates smaller than 125u remaining after acid are black slag particles and brick dust feldspar,
the rest is light brown silt and clay.

Of the 125-1000 p sized particles, very few are black slag particles, few are brick fragments, 3-5% are volcanic
rock particles and quartz, and the remainder are dark brown clay and silt masses.

The coarse aggregates, generally up to 12 mm in size, consist of very few brick fragments, very few black slag
particles, some volcanic rock particles and quartz, and the rest unreacted limestone particles.

Aggregates of the sample remaining in the acid are 12 mm under sieve size, very few brick fragments, very few
black slag particles, few volcanic rock particles and quartz, 5-10% brown clay and silt and masses, the rest
unreacted limestone particles.

2.3.7.Sample 7-Z03 T.T.Y.T. (Stone)

The remaining 2.94% residue after the acid treatment of the sample is dark brown colored silt and clay and a
black oil-like gel-like substance.

2.3.8. Sample 8-Z03 G.D. (Mortar)

Few of the aggregates smaller than 125u remaining in the sample after acid are black slag particles and brick
dust feldspar, the rest is dark brown silt and clay.

Ofthe 125-1000 p-sized particles, very few are black slag particles, few are brick fragments, 2-3% are volcanic
rock particles and quartz, and the remainder are dark brown clay and silt masses.

A small amount of coarse aggregates, very few of which are 2-4 mm in size and generally up to 2 mm in size,
consist of only brick fragments, very few black slag particles, few volcanic rock particles and quartz, and the rest
are unreacted limestone particles.

Aggregates of the sample remaining in the acid are 1-4 mm, generally 1 mm under sieve size, very few brick
fragments, very few black slag particles, few volcanic rock particles and quartz, 10-15% brown clay and silt and
their masses, the remainder are unreacted limestone particles.

2.3.9. Sample 9-Z03 T.T.Y. (Stone)
1.89% residue of the sample after acid treatment is cream-brown colored silt and clay.
2.3.10. Sample 10-Z03 B.D.D. (Mortar)

2-3% of the small sized aggregates of the sample after acid are black slag particles, the rest is brown silt and
clay.

Of the 125-1000 p sized particles, very few are brick fragments, few are black slag particles and quartz, and
the rest are brown clay and silt masses.

The coarse aggregates, generally up to 8 mm in size, consist of only a few brick fragments, very few black slag
particles, some volcanic rock particles and quartz, and the rest unreacted limestone particles.

Aggregates of the sample remaining in the acid are generally 8 mm under sieve size, very few brick fragments,
some black slag particles, volcanic rock particles and quartz, 30-35% brown clay and silt and masses, the rest
unreacted limestone particles.

2.3.11. Sample 11-Z03 Y.D. (Stone)

After the acid treatment of the sample, the residue of 2.29% is brown silt and clay and a black oil-like gel-like
substance.

2.3.12. Sample 12-Z04 T.D. (Mortar)

The aggregates of the sample with a size less than 500 p remaining after acid are black slag particles and brick
dust feldspar, the rest is dark brown colored silt and clay. Brick pebbles visible in the raw sample were notincluded
in the acid-treated part.
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2.3.13. Sample 13-Z04 T.K. (Stone)

After the acid treatment of the sample, the residue of 3,53% is brown colored silt and clay and a black oil-like
gel-like substance.

2.3.14. Sample 14-Z04 D.D. (Mortar)

2-3% of the small sized aggregates of the sample after acid are black slag particles, the rest is brownish gray
colored portland cement feldspar.

Few of the 125-1000 p sized particles are black slag particles, 25-30% are brownish gray colored portland
cement feldspar mass, the remainder are volcanic rock particles and quartz.

Few of the coarse aggregates, which are insignificant and 1-2 mm in size, are black slag particles, 20-25% are
brownish gray colored portland cement feldspar mass, the remainder are volcanic rock particles and quartz.

Aggregates of the sample remaining in the acid are generally 1 mm under sieve size, some of them are black
slag particles, 25-30% are volcanic rock particles and quartz, and the rest is portland cement.

2.3.15. Sample 15-Z05 Yiiz. (Stone)

After the acid treatment of the sample, 10-15% of the remaining 25.42% residue is cream yellow colored silt
and clay, and the remaining part is unreacted calcarenite masses.

2.3.16. Sample 16-102 T.T.O.(Stone)

The 1.31% residue remaining after the acid treatment of the sample is dark gray and white colored silt and clay
and a small amount of black oil-like gel-like substance.

2.3.17. Sample 17-102 D.D.Y. (STONE)

The 1.46% residue remaining after the acid treatment of the sample is cream colored and white colored silt
and clay and a small amount of black oil-like gel-like substance.

2.3.18. Sample 18-102 T.D.(Mortar)

Most of the aggregates of the sample with a size less than 500 p remaining after the acid are brick dust feldspar,
some are quartz, 2-3% are black slag particles and the remainder are dark brown colored silt and clay.

2.3.19. Sample 19-102 G.D.Y. (Stone)

The 0.72% residue remaining after the acid treatment of the sample is cream and white colored silt and clay
and a small amount of black oil-like gel-like substance.

2.3.20. Sample 20-102 G.D.B.(Stone)

The remaining 1.02% residue after the acid treatment of the sample is cream and white colored silt and clay
and a small amount of black oil-like gel-like substance.

2.3.21. Sample 21-102 B.D.D.(Mortar)

3-5% of the small sized aggregates of the sample after acid are black slag particles, the rest is dark gray colored
portland cement feldspar.

Of the 125-1000 p size particles, 3-5% are black slag particles, 5-10% are volcanic rock particles and quartz,
and the rest is dark gray portland cement feldspar.

The small amount of coarse aggregates, which are generally 4 mm in size, consist of black slag particles, 20-
25% brown clay and silt and their masses, the rest is volcanic rock particles and quartz.

Aggregates of the sample remaining in the acid are less than 1-4 mm in size, generally 1 mm in size under a
sieve, 3-5% of black slag particles, 20-25% of brown clay and silt masses and volcanic rock particles and quartz,
the rest is dark gray. colored portland cement feldspar and mass.
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2.3.22. Sample 22-102 G.D. (Stone)

After the acid treatment of the sample, the remaining 23.12% residue is colored with a small amount of black
oil-like gel material, 10-15% is creamy yellow colored silt and clay, and the remaining partis unreacted calcarenite
masses.

2.3.23. Sample 23-103 B.D.(Mortar)

Few of the aggregates smaller than 125p remaining in the sample after acid are black slag particles, the rest is
cream colored feldspar.

Few of the 125-1000 p sized particles are black slag particles, 5-10% are white colored particles, and the
remainder are cream colored feldspar masses.

Few of the small amount of coarse aggregates, which are 2 mm in size, are black slag particles, 5-10% are white
colored particles, and the rest are cream colored feldspar masses.

The aggregates of the sample remaining in the acid are 1-2 mm, generally 1 mm in size under a sieve, very little
black slag particles, 5-10% white colored particles that have not reacted with acid, and the rest are cream colored
feldspar and its masses.

2.3.24. Sample 24-103 B.D.D. (Mortar)

Less than 125y sized aggregates of the sample remaining after acid are brick dust feldspar, 3-5% are black slag
particles, the rest is dark gray colored portland cement feldspar.

Of the 125-1000 p sized particles, very few are brick fragments, few are black slag particles and quartz, 5-10%
are white colored particles, and the remainder are dark gray colored portland cement feldspar.

Of the insignificant amount of coarse aggregates, which are generally 2 mm in size, very few are black slag
particles and the rest are white colored particles.

Aggregates of the sample remaining in the acid are generally 1 mm under sieve size, very few brick fragments,
few black slag particles and quartz, 5-10% white colored particles, the rest is dark gray colored Portland cement
feldspar and mass.

2.3.25. Sample 25
It is a wood sample and this analysis was not done.
2.3.26. Sample 26
It is a wood sample and this analysis was not done.
2.3.27.Sample 27

It is a wood sample and this analysis was not done.

2.4. Petrographic Analysis of Samples

The textural and aggregate properties of the shiny (thick) sections prepared from the mortar and plaster
samples embedded in epoxy were determined by examining under a stereo microscope (single nicol) and the
mineral contents and roughly ratios of thin sections were examined under a polarizing microscope (double nicol)
and the results are given below. In defining the pore ratios of the samples, the terms "slight" for pores up to 5%,
"moderate" for pores of 5-15%, and "abundant” for pores greater than 15% were used. In addition, the type of
wood was investigated by examining the prepared transverse, radial and tangential sections of the wood samples
under the microscope.

2.4.1. Sample 1-Z01(Stone)

After the acid treatment of the sample, 5-10% of the remaining 31.73% residue is cream and brown colored,
silt and clay, and the remaining part is unreacted calcarenite masses.
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2.4.2. Sample-2-Z01 Ton. (Mortar)

The sample, which has a binding area of 20-25% and a brownish gray color, has aggregates up to 4 mm in cross-
sectional area. For example, aggregates of which few are black slag particles and brick shards and dust, 3-5% are
volcanic rock particles and quartz are 1 mm under sieve, and the remaining aggregates with limestone fragments
are 4 mm under sieve size. The binder phase and binder aggregate phase of the sample, which has moderate pores
up to 0.5 mm in size, are good.

2.4.3. Sample 3-Z01 D.D. (Mortar)

The sample, which has a binding area of 20-25% and a brownish light gray color, has aggregates up to 5 mm in
cross-sectional area. Very little part of the sample is brick shards and dust, 2-3% is black slag particles, 3-5% is
volcanic rock particles and quartz aggregates are 2 mm under sieve, the rest is limestone fragments and other
aggregates are 5 mm under sieve size. The sample, which has moderate pores up to 1 mm in size, has good binding
phase and binding aggregate phase.

2.4.4. Sample 4-7Z02 K.C.D.(Mortar)

The sample, which has a binding area of approximately 25% and a brownish-cream color, has aggregates up to
10 mm in cross-sectional area. Very little of the sample is brick fragments and dust, some black slag particles and
volcanic rock particles and quartz, 5-10% graywacke particles and aggregates with 1 mm under sieve, the rest
with limestone fragments is 10 mm under sieve size. The binder phase and binder aggregate phase of the sample,
which has moderate pores up to 0.5 mm in size, are good.

2.4.5. Sample 5-Z02 A.K.C. (Stone)

Itis known as Urfa stone, with a light brownish yellow texture, grain sizes up to 0.5 mm, abundant macrofossils,
micro cracks and veins, secondary calcite crystals as well as clay fillings and dyeings, porous up to 0.5 mm in size.
It is an Eocene-Oligocene aged biomicritic clastic calcarenite limestone. On the surface of the sample, there are
brownish black, organic origin impurities.

2.4.6. Sample 6-Z02 A.K.C.(Mortar)

The bond area is 35-40% and the cream-colored sample has aggregates up to 12 mm in cross-sectional area.
Very little of the sample is brick fragments and dust, some of it is black slag particles and volcanic rock particles
and quartz, 3-5% of the aggregates with graywacke particles and dust are 2 mm under sieve and the rest of the
aggregates with limestone fragments are 12 mm under sieve size. The binder phase and the binder aggregate
phase of the sample, which has 3-5% of 1-3 mm in size voids and a moderate amount of pores up to 0.5 mm in size,
are good.

2.4.7.Sample 7-Z03 T.T.Y.T. (Stone)

Eocene-Oligocene aged micritic, also known as Urfa stone, with a yellowish cream-colored texture and grain
sizes up to 0.5 mm, with no veins visible, but clay fillings and dyes between calcite crystals, small amount and
porous up to 0.1 mm. it is limestone. On the surface of the sample, there is a yellowish accumulation of pollution
from place to place.

2.4.8. Sample 8- Z03 G.D. (Mortar)

The bond area is 35-40% and the cream-colored sample has aggregates up to 10 mm in cross-sectional area.
Very little of the sample is brick fragments and dust, a few black slag particles and volcanic rock particles and
quartz, 3-5% of graywacke particles and aggregates are 1 mm under sieve and the rest of the aggregates with
limestone fragments are 4 mm under sieve size. The binder phase and binder aggregate phase of the sample, which
has abundant pores up to 0.5 mm in size, are good.

2.4.9. Sample 9- Z03 T.T.Y. (Stone)
Itis an Eocene-0Oligocene aged micritic limestone, also known as Urfa stone, with a yellowish-cream color, grain

size up to 0.5 mm, veins are not visible, but there are clay fillings and dyes between calcite crystals, and porous up
to 0.1 mm in size. On the surface of the sample, there is a yellowish accumulation of pollution from place to place.
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2.4.10. Sample 10- Z03 B.D.D. (Mortar)

The sample, which has a binding area of approximately 25% and a brownish-cream color, has aggregates up to
10 mm in cross-sectional area. Very little of the sample is broken brick and dust, some of it is black slag particles
and volcanic rock particles and quartz, 10-15% of the aggregates with graywacke particles and dust is 8 mm under
sieve, and the rest of the aggregates with limestone fragments are 10 mm under sieve size. For example, with
moderate pores up to 0.5 mm in size, the binder phase and binder aggregate phase are good.

2.4.11. Sample 11-Z03 Y.D. (Stone)

Itis an Eocene-Oligocene aged micritic limestone, also known as Urfa stone, with a yellowish-cream color, grain
size up to 0.5 mm, veins not visible, but clay fillings and dyes between calcite crystals, small amount and porous
up to 0.1 mm. On the surface of the sample, there are yellow-brown colored, stain-like, accumulated impurities on
the surface.

2.4.12. Sample 12-Z04 T.D. (Mortar)

The sample, which has a binding area of 30-35% and a creamy white color, has aggregates up to 1 mm in cross-
sectional area. Very little of the sample is brick fragments and dust, a few black slag particles and volcanic rock
particles and quartz, 5-10% graywacke particles and dust aggregates are 0.5 mm under sieve, the rest is 1 mm
under sieve size. The binder phase and binder aggregate phase of the sample, which has abundant pores up to 0.5
mm in size, are relatively weak.

2.4.13. Sample 13-Z04 T.K. (Stone)

Eocene-Oligocene aged, also known as Urfa or Mardin stone, with a yellowish-brown texture and partially
recrystallized, very small and semi-euhedral grain sizes, with secondary calcite crystals and clay dyeings in the
veins and around the fragments, porous up to 0.1 mm in size. It is a limestone composed of micrite sized calcites.
On the surface of the sample, there is a brownish, slightly crusty accumulation of impurity.

2.4.14. Sample 14- Z04 D.D. (Mortar)

The sample, which has a binding area of 25-30% and a light gray color, has aggregates up to 4 mm in cross-
sectional area. Very little of the sample is brick shards and dust and black slag particles, 3-5% of volcanic rock
particles and quartz aggregates are 1 mm under sieve and the remaining aggregates with limestone fragments are
4 mm under sieve size. Binder phase and binder aggregate phase of the sample, which has abundant pores up to
0.5 mm in size, are quite good.

2.4.15. Sample 15- Z05 Yiiz. (Stone)

Eocene-Oligocene, also known as Urfa or Mardin stone, with a light yellowish cream color texture, average grain
size of 0.5 mm, filled with secondary calcite crystals, abundant micro-cracks and clay stains in places, porous up
to 0.2 mm. [t is a calc-arenite limestone consisting of aged micrite-sized calcites. On the surface of the sample, there
are dark yellow brown colored and less black colored deposited crustal impurities in places.

2.4.16. Sample 16- 102 T.T.O.(Stone)

Eocene-Oligocene aged micritic limestone, also known as Urfa stone, with a yellowish-cream color, grain size
up to 0.5 mm, crack-like veins and secondary calcite crystals and clay staining around the crumbs, porous up to
0.1 mm in size.

2.4.17. Sample 17-102 D.D.Y.(Stone)

Eocene-Oligocene aged micritic limestone, also known as Urfa stone, with a yellowish light brown texture and
grain sizes up to 0.5 mm, with no veins visible, but clay fillings and dyes between calcite crystals, small amount
and porous up to 0.1 mm.

2.4.18 Sample 18-102 T.D. (Mortar)

The sample, which has a binding area of 30-35% and a creamy white color, has aggregates up to 1 mm in cross-
sectional area. Very little of the sample is broken brick and dust, volcanic rock particles and quartz and black slag
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particles, aggregates with few graywacke particles and dust are 0.5 mm under sieve, while the rest of the
aggregates with limestone fragments are 6 mm under sieve size. For example, the binder phase and binder
aggregate phase are good, with abundant pores up to 0.5 mm in size.

2.4.19. Sample 19-102 G.D.Y. (Stone)

It is also known as Urfa stone, with a brownish yellow texture and grain sizes up to 0.5 mm, with abundant
macrofossils, with no veins visible, but with clay filling and dyeing between the calcite crystals, with a small
amount of pores up to 0.5 mm in size, is an Eocene-0Oligocene aged biomicritic limestone. On the surface of the
sample, there are yellow-brown-black colored, soot, moss and organic origin, crust-like, accumulated impurities.

2.4.20. Sample 20- 102 G.D.B. (Stone)

Eocene-Oligocene aged biomicritic limestone., also known as Urfa stone, with a brownish yellow texture and
grain sizes up to 0.5 mm, with abundant macrofossils, with clay filling and dyeing between calcite crystals, with
abundant macrofossils, up to 0.5 mm in size. On the surface of the sample, there are very light, brownish yellow,
organic origin impurities.

2.4.21. Sample 21-102 B.D.D. (Mortar)

The aggregates in the cross-sectional area are up to 6 mm in the sample, which has a binding area of 25-30%
and a creamy white color. The sample contains very little brick fragments and dust, some black slag particles, 3-
5% volcanic rock particles and quartz, 5-10% graywacke particles and dust aggregates 0.5 mm under sieve, and
other aggregates with limestone fragments. Is 6 mm under sieve size. The binder phase and binder aggregate phase
of the sample, which has abundant pores up to 0.5 mm in size, are relatively weak.

2.4.22. Sample 22-102 G.D. (Stone)

Its texture is brownish yellow and partially recrystallized, its grain sizes are very small and semi-euhedral, it
has secondary calcite crystals and clay dyeings in the veins and around the fragments, as well as abundant fossils,
it is porous up to 0.5 mm in size, also known as Urfa or Mardin stone. It is calrenite limestone with biomicrite
clastics, composed of Eocene-Oligocene aged micrite-sized calcites. On the surface of the sample, there is dark
yellow - brown colored, organic origin, deposited crustal contamination.

2.4.23. Sample 23-103 B.D. (Mortar)

The bond area is 35-40% and the cream colored sample has aggregates up to 2 mm in cross-sectional area.
Very little of the sample is broken brick and dust, some of it is black slag particles and volcanic rock particles and
quartz, 3-5% of the aggregates with graywacke particles and dust is 1 mm under sieve, the rest of it is 2 mm under
sieve size. The binder phase and binder aggregate phase of the sample, which has small pores up to 1 mm in size,
are good.

2.4.24. Sample 24-103 B.D.D. (Mortar)

The binder area is approximately 20% and the gray colored sample has aggregates up to 6 mm in cross-
sectional area. Very little of the sample is brick fragments and dust, less of it is black slag particles, 3-5% is volcanic
rock particles and quartz aggregates are 1 mm under sieve, the rest is limestone fragments and other aggregates
are 6 mm under sieve size. For example, the binder phase and binder aggregate phase are good, with abundant
pores up to 0.5 mm in size.

2.4.25. Sample 25-Wood

It has been determined that the light yellow colored wood sample has a scattered trachelia structure in its
cross-section, and gradually decreases in the number and diameter of the tracheas from the spring wood to the
summer wood layer. In the radial section, the perforation tables are of simple type and sometimes as tulles has
been determined. In the tangential section, it has been determined that the pith rays are single-lined, their heights
are very different, and they range from 3-5 cells high to 30 cells high.
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2.4.26. Sample 26-Wood

It has been determined that the yellow colored wood sample has a scattered trachelia structure in its cross-
section, and gradually decreases in the number and diameter of the trachea as we go from the spring wood to the
summer wood layer. In the radial section, perforation tables are seen as simple type and sometimes as tulles. In
the tangential section, it has been determined that the pith rays are single-lined, their heights are very different,
and they range from 3-5 cells high to 30 cells high.

2.4.27. Sample 27-Wood

It has been determined that the light brown wood sample has a ringed tracheal structure in its cross-section,
the trachea in the summer wood layer are arranged in a radial and diagonal arrangement, it forms a flame-like
structure, the longitudinal parenchymas are in the apotraheal scattered and tangential stripe order, and there are
paratraheal parenchymas. It has been determined that the core rays are homogeneous in the radial section, the
perforation tables are simple type, the meeting passages of the core rays and the trachea are large, round and oval.
In the tangential section, it has been determined that the core rays are in two different widths, very wide and single
cell width.

3. Results

When all these results are brought together, 12 mortar samples taken from the traditional house of Mardin
selected within the scope of the "Mardin House Conservation and Repair Project” were classified into 2 main
groups according to the analysis results, binders and aggregates remaining after acid treatment.

The binder of the mortar samples numbered 4, 6, 8, 10, 12, 18, 21 and 23, which is classified as the first main
group, is air lime (cream lime) and is divided into 2 subgroups according to the binder lime ratios. While an average
of 35% cream lime was used as binder in samples 6, 8, 12, 18, 21 and 23, which are classified as subgroup 1A, an
average of 25% cream lime was used in samples no. 4 and 10, classified as subgroup 1B. While samples 8, 12 and
21 belonging to subgroup 1A, average 5mm under-sieve size limestone fragments were used as aggregate, in
samples 12 and 23 2-mm under sieve size limestone fragments and in sample 6 12-mm under-sieve size limestone
fragments and pebbles were used as aggregate. In samples 4 and 10 belonging to subgroup 1B, 10 mm under-sieve
size limestone fragments were used as aggregate. It is thought that the graywacke particulate sands and volcanic
rock particles and quartz sands, which are determined in the aggregates of almost all of the samples and which
amount to 5-10% in total, are found in the source where the limestone broken sand is obtained. According to their
binding nature, the mortars belonging to subgroup 1A were considered to be original, while the mortars belonging
to subgroup 1B were considered to belong to the complements and/or repairs made during or after the
construction process.

Mortar No. 2, 3, 14 and 24, which is classified as the second main group, is a sample binder, Portland cement
with 10-15% lime added, varying between 100-200 doses, and its aggregates are 5 mm in average under sieve size
and 3-5% volcanic fracture of limestone, which is rock particles and quartz. In the 3rd sample of this group,
approximately 5% ash was added additionally. It has been understood that the mortars of this group, depending
on their binding nature, were used in the extensive and/or individual repairs made in the middle or the second
half of the 20th century. It has been visually determined that all of the plasters applied on the vaults of the house,
which did not need to be taken as samples, were recent plasters with portland cement binder (Figure 1,2).

(b)
Figure 1a. In the vault of the space in the semi-open courtyard of the house
Figure 1b. Upstairs, recent repair plasters with portland cement binder in the kitchen vault
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() (b)
Figure 2a. Upstairs of the house, recent repair plaster with portland cement binder in the vault of the
entrance room
Figure 2b. Plant formations and stains caused by water on the inner surface of the south wall

In addition, it is determined that in the construction of the house, partially clayey and/or recrystallized micritic
limestones consisting of Eocene-Oligocene micrite-sized calcites, also known as Urfa or Mardin stone, whose
mineralogical properties are given above, were used as masonry material, biomicritic limestones with abundant
fossils, micrite or biomicrite clastic calcarenite limestones were used. It has been determined that a significant
part of these stones contain a small amount of petroleum-like, non-saponifiable (mineral-based) oil.

The stones in the ground floor of the house and the rock-cut section were found to be micritic limestone with
plenty of cracks, which has not yet completed its petrification, looks like greywacke and has plenty of clay. It has
been determined that there are surface erosions on the inner and outer surfaces of the walls of the house,
especially in the areas of water evaporation, there are chloride and nitrate salts from the repair mortars and
plasters with portland cement binder in general, and from the sewage in places, from the water leaking from the
walls and roof (roof) of these salts, from the flowering cycle of these salts. In addition to these surface problems,
as aresult of the overflow of the water tank on the roof of the house, wetting on the outer surface of the south wall
ofthe house, accordingly the formation of herbaceous plants on the exterior, woody plant formations on the garden
wall, as well as the moisture problem in the entire building has been seen. As a result of these wetting and drying
cycles, there has been an increase in flowering and surface erosion of the mesh stones (Figure 3,4).

(b)
Figure 3a. On the outer wall surface of the house, with herbaceous plant formations due to wetting
Figure 3b. General views of the woody plant formation on the garden wall
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(@) (b)
Figure 4a. General view of efflorescence (salt deposits) occurring in the evaporation zone on the interior wall
surfaces of the house
Figure 4b. General view of efflorescence (salt deposits) occurring in the evaporation zone on the exterior wall
surfaces of the house

In addition, poplar (Papulus Nigra L.) wooden elements were used on the beams on the doors and windows on
the lower floor of the house, while oak (Queras SPP.) wooden elements were used on the beams on the doors and
windows of the upper floor (Figure 5).

(a) (b)
Figure 5a. General view of the wooden elements used on the door tops and the damage caused by rot and
insect infection on these wooden elements
Figure 5b. General view of the wooden elements used on the window tops and the rot and insect infection
damage on these wooden elements

In addition, according to the gallery type, Anobium Punctatum (Furniture Beetle) is used on the wooden main
carriers that carry the wooden elements, which are exposed to brown-colored rot in various intensities due to
humidity and individual wetting in general, and which carry the connecting wall of the place between the bagdadi
laths and the Z02 space of the Observatory and the connection corridor.) were found to be infected by insects,
which are understood to be of the genus. In addition to the problems in the building materials of the house, it has
been visually determined that there are structural static problems in the walls and rock-carved vaults of the house,
although not much. In addition, it is seen that there is a very serious structural crack in the wall of the neighboring
house, which is understood to have been partially destroyed and repaired before (Figure 6).
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(a) (b)
Figure 6a. General view of static problems on the interior wall of the house
Figure 6b. General view of static problems on the wall of the neighboring house

4. Discussion and Conclusion

In this study, it is aimed to document the characteristics of the local Mardin stone, the material problems it is
exposed to, through the stone material and mortar samples taken from a historical residence in Mardin, and thus
to contribute to the selection of compatible restoration materials for the sustainable management of the structures
in the geographical region. In this context, an examination was made on the materials and mortar samples used in
the building, which constitutes a representative sample from the building. The results of this study are important
in terms of creating a guideline for the use of compatible materials in the restoration stages in structures made
with local Mardin stone in Mardin. According to the analysis results obtained in the study, it is seen that material
deterioration can be detected by spectroscopic and petrographic methods. This finding obtained from the study
supports the results of the study, which determined that the petrographic and spectroscopic analyzes determined
in various studies in the literature are useful for creating a guideline for the use of compatible materials in the
restoration phase [8-13].

Based on the analysis results obtained in the study, it is hoped that correct applications will be made in the
selection of materials in the restoration applications to be made in the geographical region. According to the
evaluation made by combining these results, it is necessary to eliminate the static problems seen in the walls of
the house and the vaults of the rock-carved sections, or to take measures (suspension, support, etc.) against these
problems. After the necessary static measures are taken, it is recommended to remove the modern Portland
cement binder vault plasters, which are determined to be in the near term, by scraping, although it is the project
decision whether to remove these plasters (because it has been applied throughout the vaults). If it is decided to
remove the Portland cement binder vault plasters, it would be appropriate to carry out this application sensitively
by mechanical method. If it is decided to preserve the Portland cement binder vault plasters (to complete the
existing state without scraping), the light accumulation of dirt and salt crystals on the interior and exterior surfaces
of these plasters and other walls should be removed first by using a plastic brush and vacuum cleaner, then once
( It would be appropriate to continue cleaning with pulp impregnated with 5% ammonium bicarbonate solution
(twice) or twice if the stain does not come off, and finally, salt cleaning should be done twice with clean (drinkable
quality) water-impregnated pulp.

It would be appropriate to remove the recently made Portland cement bonded joints by scraping them with
precision and mechanical method. It would be appropriate to remove the rotten and infected woods and the insect-
infested wooden beams on the door and window beams, or all or all of the rotten and infected woods. It would be
appropriate to complement and/or renew the partially and/or completely removed woods that have lost their
function with wood of the same type (poplar on the lower floor, oak type on the upper floor), and impregnation of
the new woods with a vacuum system.

In the walls and vaults of the house to be completed or newly built, cut and/or half-hewn Mardin stone as stone,
it would be appropriate to use a mixture of 1 part air lime (50 = 2% hydrated cream lime) as a binder, 0.25 part
pozzolan as an additive, 2 mm as aggregate 0.5 part quartz black sand as under sieve size, 2.25 parts limestone
crumb and dust (or carbonate aggregates to be obtained from sand quarries) with 10 mm under sieve size, and
trowel finishing on the joints where plaster application will not be applied. In new joint applications to be made
on the walls and vaults of the house, it will be appropriate to use a mixture of 1 part air lime (50 * 2% hydrated
cream lime) as binder, 0.25-part pozzolan as additive, 0.5-part quartz black sand as aggregate, 2 mm under sieve
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size. of 2 parts of limestone crushed and dust (or carbonate aggregates to be obtained from sand quarries), 6 mm
(or in narrow joints, not exceeding half of the joint gap) under sieve size and trowel finishing. In reinforcing the
existing plasters of the house (on vaults and partially on the wall surfaces), it would be appropriate to use a mixture
of 1-part hydraulic lime (NHL 3,5), 0.25-part pozzolan as additive, 0.5-part quartz black sand, 4 mm under sieve
size, as aggregate, 1.75 parts of limestone flakes and dust (or carbonate aggregates from sand quarries) and trowel
the surface. If the 3rd article is applied, in the application of the plaster to be rebuilt on the vault and partly wall
surfaces of the house, the binder is 1 part air lime (50% * 2 hydrated cream lime), the additive is 0.25 part
pozzolan, its aggregate is 4 mm under sieve size. It would be appropriate to use a mixture of 0.5 part quartz black
sand, 2 parts limestone fragments and dust (or carbonate aggregates to be obtained from sand quarries) and
trowel the surface.

It is recommended to use casein added whitewash with pigment(s) that will provide the color that will
determine the project, as paint on interior (applied on vaults and walls) plaster surfaces whose cleaning and repair
applications have been completed.
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