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Abstract: Some wrong decisions and faulty practices applied during the repair and restoration of
traditional buildings cause more damage to the structures due to the materials used in the repair.
In this study, brick, mortar, plaster, and wood samples were taken from one registered building in
the Konuralp neighborhood of Diizce Province, which has survived to the present day by preserving
its original structural features and reflecting the characteristics of traditional housing. Texture,
chemical and petrographic analyses were carried out on the samples. In line with these analyses, a
scientific basis was created for selecting material properties in the repair and reuse processes of
traditional buildings, and suggestions are made for the analysis of materials specific to traditional
buildings in Konuralp.
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1. Introduction

Cultural heritage symbolizes the continuity of the elements of a culture that make up a society.
The transfer of cultural heritage, which cannot be renewed or reproduced, to future generations is a
social responsibility. Architectural heritage includes all buildings and building groups that need to
be protected according to holistic conservation legislation, with various scales and unique values [1].

Our traditional buildings, which are part of our cultural architectural heritage and have value,
were built in different parts of Anatolia with varying construction systems and material properties.
Despite conservation approaches, structural damages to traditional buildings over time and repairs
made with inappropriate methods and materials have caused problems. For this reason, our
traditional cultural heritage, which cannot be reproduced, is struggling to exist in every corner of
Anatolia. However, its sustainability can be ensured through transformation and appropriate
conservation policies.

It is important to prevent damages that may occur in buildings due to incorrect material selection
in conservation and repair, to determine the chemical, physical, and mechanical properties of the
original materials of the building, and to ensure structural and cultural continuity by producing the
material to be used in repair according to the results of the analysis [2]. Arslan et al. (2015) examined
an ancient theater and the registered buildings around it within the boundaries of the Diizce
Konuralp Ciftepinarlar neighborhood, which is within the boundaries of a Grade I archaeological
protected area. They concluded that the historical texture around the theater has preserved its
existence in the street and ground texture. However, new constructions built using reinforced
concrete have had a negative impact on the wooden frame-half-timber construction technique, which
is the general characteristic of the settlement [3]. Tuna (2014) presented a holistic conservation
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approach within the framework of the Diizce Konuralp archaeological park, integrated with the
existing protected area of the surrounding buildings in a social, cultural, and commercial
environment [4].

Various studies have been carried out to define the properties of traditional and historical
building materials and to contribute to the reproduction of these materials. Karabulut (2018)
documented the compatibility of some building materials with the standards in light of the scientific
data by applying physical, mechanical, and chemical analyses to samples of interior plaster, exterior
plaster, and stone from traditional houses in the Trabzon Akg¢aabat Orta neighborhood in the Eastern
Black Sea Region [5]. Kog (2019) investigated the system and material properties of the buildings of a
settlement to document the structural features of the Bursa Golyazi Region. Physical, mechanical,
and chemical analyses were performed on brick, mortar, wood, and stone samples taken from the
selected buildings, and comparative results of the samples were shared [6].

While new building materials are produced by determining the structural properties of
materials, studies that have enabled the production of materials by using additives compatible with
raw materials have also been carried out. Acting with this understanding, Caglar (2018) aimed to
improve the properties of a blended brick used as exterior wall-filling material in Kastamonu
traditional houses, which were slated for demolition. As a result of the study, it was determined that
a boron waste additive can be used in the production of blended bricks [7]. Sahin (2017) conducted
comprehensive analyses of brick, mortar, and plaster samples of buildings from different periods to
determine the characterization of the bricks used in the construction of the 19th century Bab-i
Seraskeri Hospital (Istanbul University Faculty of Political Sciences), together with its restoration and
intervention in different periods. The test results concluded that the samples used in different periods
showed different physical and mechanical properties, and their mineralogical structures differed [8].
In another study conducted by Sayin (2016) on mortar, plaster, and wood materials belonging to the
same building, chemical and mineralogical analyses were performed. The wood samples were
identified via petrographic analysis. Protein—oil activity tests and water-soluble salts of mortars and
plasters were analyzed. The acid loss, ignition loss, petrographic analyses, and binder—-aggregate
definitions and contents were determined, and recommendations were made for materials to be used
in the repair [9]. In the study conducted by Akbulut Eksi (2006) on investigating the compatibility of
lime mortars used in the rehabilitation of historical buildings, with mortars created using original
materials in the building, recommendations were given for the selection of mortars to use two
different aggregate types, silica-based sand and brick crumb, and to use materials with pozzolanic
properties, such as lime, silica fume, fly ash, slag, and brick dust, as binders [10]. Giir (2019)
investigated the feasibility of producing pozzolan-added hydraulic lime-based mortar for repair in
historical buildings. It was concluded that the samples produced gave different results in different
pozzolan types, and the repair mortars produced showed similar physical properties to the original
building materials [11]. In one study, Ozgunler and Ozgunler (2011) investigated the usability of
traditional lime-based mortars by reproducing them with local materials to be used in the repair of
historical buildings. A repair mortar with added pozzolan was produced, and it was concluded that
its properties were similar to those of the original mortars [12].

In the present study, material samples were taken from the traditional building belonging to the plot
numbered 1766 on Kaleler Street in the Konuralp neighborhood of Diizce Province, which has survived
to the present day by preserving its original structural features. Chemical and petrographic analyses were
carried out on the samples, and the data obtained can be used to guide the selection of material properties
for the repair and reuse processes of buildings and can contribute to the scientific framework.

2. Materials and Methods

2.1. Material

The building on the plot numbered 1766 in the Konuralp neighborhood of Diizce is located
within the boundaries of an area declared a Grade 2 archaeological site by the Kocaeli Regional Board
for the Protection of Cultural Assets, dated 13 March 2013 and numbered 889. The building on the
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plot in the Cifte Pinarlar location of Konuralp is registered as a Group 2 cultural asset by the same
board, dated 30 September 2015 and numbered 2221. A visual of the location of the plot in question
is shown in Figure 1.

Figure 1. A visual of the location of the plot in question.

2.1.1. Building with Plot Number 1766

The Konuralp Central Mosque is located to the southeast of the building, and the Prusias ad
Hypium Ancient Theater is located to the northeast. The house, consisting of two floors, the ground
floor and the first floor, was built with a wooden roof system, and wood was used as the filling
material. Adobe was used as the filling mortar between the timbers. Paint was applied over mud
plaster on the interior and exterior walls. A general view and a bird’s eye view of the building and
its site plan are given in Figure 2.

Figure 2. A general view and a bird’s eye view of the building.

2.1.2. Samples Taken from Plot 1766

The general structure of the building consists of wooden filling between wooden frames. Filling
mortar was used as the binder in the parts built with filling wood. Filling mortar between timbers
was taken from the eastern facade of the building, exterior plaster from the northern facade, and
interior plaster from the interior. The samples taken are shown in Figure 3.

(b) (©)

Figure 3. Mortar and plaster samples of building number 1766: (a) interior plaster number H5, (b)
exterior plaster number H6, and (c¢) filling mortar number H7.
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In traditional Turkish houses, there are often areas called loaders/built-in wardrobes next to the
stoves, which are usually located in the rooms. These built-in wardrobes were included in planning
during construction. Samples were taken from the building to determine the type of wood used in
the wardrobe of one of the rooms. The stone base of the building is not high enough, which caused
the floor covering to be built too close to the ground, and in some places, the floor coverings have
collapsed and rotted. A floor covering sample was taken from one room of the building to determine
its type. The wood samples are shown in Figure 4.

(a) (b)

Figure 4. Images of wood samples: (a) cabinet joinery and (b) floor covering.

In order to proceed systematically during the sample collection and to record the locations of
the samples taken, survey drawings of the building obtained from the Diizce Municipality [13] were
used. Figure 5 shows the ground floor sampling sheets.

The descriptions and coding systems of the samples taken from the structure and the list
showing the structure to which they belong are given in Table 1.

Figure 5. Plot 1766, ground floor sampling numbers on the blueprint.
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Table 1. Sample Codes and Structures.

Sample Code Type Building
Hb5 Interior plaster
A2 Wood cabinet joinery
A3 Wood floor covering Plot 1766
Hé6 Exterior plaster
H7 Filling mortar
2.2. Method

Mortar, interior plaster, exterior plaster, and wood samples were taken from the registered
buildings located in the Konuralp Neighborhood in Diizce-Tiirkiye. Within the scope of the analysis,
acid loss, ignition loss, sieve analysis (with 5000 v, 2500 g, 1000 v, 500 1, 250 1, 125 i, and 63 i sieves),
protein—oil tests, and salt tests were performed on the mortar and plaster samples. Petrographic
analysis of the samples, of which thin and thick sections were prepared, was performed with a stereo
microscope and a polarizing microscope to identify the aggregates and minerals and determine their
textural properties. Macroscopic and microscopic examinations of the materials for petrographic
analysis were carried out in accordance with the TS EN 12407 [14] and TS EN 12440 [15] standards.
Section preparation for the petrographic examination of the samples was carried out using the
METKON GEOFORM section preparation device. Stereomicroscope imaging was performed with a
Nikon SMZ 800 microscope and a TOUPCAM E3ISPM20000KPA camera integrated into the
microscope. Polarizing microscope imaging was performed with a Nikon Eclipse Ci-POL microscope
and an Imaging Source DFK NME33UX265 camera integrated into the microscope. Sample
preparation for the wood species determination was carried out with LEICA SM 2400 microtome,
and imaging was performed with the Zen/Zencore program using a Carl Zeiss AxioscopeAl
microscope and a Carl Zeiss Microimaging Axiocam HRC camera integrated into the microscope.
Chemical, petrographic, and SEM-EDS (EDX) analyses of the mortars and plasters and species
identification analyses of the wood materials were performed in the Restoration and Conservation
Laboratory according to in-house methods as specified by the Istanbul Metropolitan Municipality,
Department of Cultural Assets, Directorate of Conservation Implementation and Inspection (KUDEB,
2009) [16]. The physical tests of the brick samples were performed at the Materials Laboratory of the
Civil Engineering Department of Diizce University.

3. Findings and Discussion

3.1. Chemical Analysis

Ignition loss, acid loss, sieve analysis after acid loss, salt tests, and protein—oil tests were performed
on mortar and plaster samples taken from both buildings. The ignition and acid loss results are given
in Tables 2 and 3, respectively, and the sieve analysis results are presented in Figure 6.

40
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Figure 6. Grain size distribution of aggregates.
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Table 2. Ignition loss analysis results of mortars and plasters.

Ignition Loss (%)
Moisture Relative Water/Organic

Samples Code 105 °C Addition 550 °C CaCOs 1050 °C
H5 (Interior plaster) 3.04 5.13 9.73
H6 (Exterior plaster) 2.56 5.26 19.55
H7 (Filling mortar) 2.66 5.53 10.60
Table 3. Acid loss analysis results of mortars and plasters.
Acid Loss (%)
Sample Code Loss Remainder

Hb5 (Interior plaster) 14.02 85.98

H6 (Exterior plaster) 22.90 77.10

H7 (Filling mortar) 12.07 87.93

The weight losses at 105 °C ranged from 2.56% to 3.04%. The results show that all samples
contained a small amount of moisture. When the weight losses at 550 °C were analyzed, it was
determined that the samples contained relative water and organic additives in the range of 5.13% to
5.53%. According to the ignition loss at 1050 °C, it was determined that the amount of CaCO:s in the
H6 mortar was due to the hydrated reinforcement in the soil mortar.

When the acid loss and sieve analysis results were analyzed, the binder—aggregate ratios of
samples H5 and H7 belonging to the building numbered 1766 were determined to be 1:6-7; the ratio
of sample H6 was 1:5.

The results of the analysis of the water-soluble salts and the conductivity measurements of the
mortars and plasters, as well as the results of the protein and fat tests, are given in Table 4. As a result
of the salt tests performed on the mortars and plasters, no serious salinization problem was
determined, but a small amount of chlorine was detected in sample H5. While the conductivity values
of the samples and salt tests were similar, it is thought that the conductivity value of sample H6 may
have been due to another salt whose conductivity value was not determined. When the protein and oil
test results were analyzed, no oil was determined in any of the mortar and plaster samples, while the
presence of protein was detected in all samples. The presence of protein in the samples refers to organic
additives, such as egg whites, to improve the properties of the mortar and strengthen its binding
properties. Such additives reduce the brittle structure of the mortar and increase its plasticity [17].

Table 4. Mortar and plaster water-soluble salts analysis and conductivity measurement.

Salt Test Protein-Oil Test
Chlorine  Sulphate ,, Nitrate Conductivity % Salt . .
No b (SO Carbonate(COs*) (NO) (uS) Amount Protein 0Oil
H5 + - - - 158 1,00 + -
He6 - - - - 264 - + -
H7 - - - - 168 - + -

3.2. Petrographic Analysis

Thick and Thin Section Analyses

Sample H5, taken from the ground floor interior partition wall of the building numbered 1766, was
a brown-colored, weak plaster sample with abundant fibers, and its binder was determined to be 5-10%
hydrated lime-reinforced abundant clay soil. Approximately 3-5% of the sample aggregates were ash, 3—
5% were carbonated rock fragments, and all the remaining aggregates were abundant clay soil formed by
the decomposition of potassium-based feldspars. The minerals were mainly quartz, feldspar, and small
amounts of mica and amphibole. It was determined that 8-10 kg of fiber was used per cubic meter of
mortar. Stereomicroscope and polarizing microscope images of the sample are shown in Figure 7.
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Figure 7. (a) Stereomicroscope and (b) polarizing microscope images of sample H5.

Sample H6, taken from the ground floor east facade of the building numbered 1766, was a
brown-colored, weakly structured exterior plaster sample with abundant fibers and white masses,
and its binder was determined to be 15-20% hydrated lime-reinforced abundant clay soil.
Approximately 3-5% of the sample aggregates were ash, 3-5% were limestone and marble fragments,
and 1-2% were brick crumb particles in the mortar content as impurities, and all the remaining
aggregates were abundant clay soil of terrestrial origin formed as a result of the decomposition of
potassium-based feldspars. The minerals were mainly quartz, feldspar, and a small amount of mica.
It was determined that 2-2.5 kg of fiber was used per cubic meter of mortar. Stereomicroscope and
polarizing microscope images of the sample are shown in Figure 8.

(b)

Figure 8. (a) Stereomicroscope and (b) polarizing microscope images of sample Hé.

Sample H7, taken from the ground floor south facade of the building numbered 1766, was a
brown-colored, dispersed mortar sample containing sand aggregates, white masses and a small
number of fibers, and its binder was determined to be 10-15% hydrated lime-reinforced abundant
clay soil. Approximately 5-8% of the sample aggregates were ash, 2-3% were carbonated rock
particles, and the remaining aggregates were all terrestrial abundant clay soil formed as a result of
the decomposition of potassium-based feldspars. The minerals were mainly quartz, feldspar, and a
small amount of amphibole. Fiber fragments were detected in the sample. Stereomicroscope and
polarizing microscope images of the sample are given in Figure 9.

Figure 9. (a) Stereomicroscope and (b) polarizing microscope images of sample H7.
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3.3. SEM-EDS (EDX) Analyses

Mortar Analysis

With SEM-EDX analysis, SEM images were taken from the binder parts of the mortar samples,
and EDX analyses were performed on the marked areas of these images. The SEM images and EDX
analysis elements and oxide ratios of samples H5, H6, and H7 are shown in Figure 10.

Spectrum
Element norm. C Atom. C Compound norm. Comp. C
[WE.%] [at.%] [Wt.%]
Oxygen 45,61 62.0%8 0.00
Sodium 0.76 0.72 Hazl 1.03
Magnesium 1.40 1.25 Mgl 2.32
Aluminium 10.39 .39 Alzo3 19.864
Silicon 26.82 20.7% 5igz 57.37
Phosphorus 0.00 0.00 P25 0.00
Potassium 2.61 1.45 K20 3.15
Calcium 2.75 1.49 CaC 3.85
Titanium 0.5%9 0.27 Tigz 0.99
Iron 9.05 3.53 Fel 11.85
Sulfur 0.00 0.00 503 0.00
Chlorine 0.00 0.00 0.00
Manganese 0.00 0.00 Mnl 0.00
B 9188 g
SRRV 1500V WD 127 am e e e Total: 100.00 100.00
Spectrum
Element norm. C Atom. C Compound norm. Comp. C
[wt.%] [at.%] wt.%]
Oxvgen 45.88 €2.03 0.00
Sodium 0.73 0.69 Na2l 0.9%9
HMagnesium 1.81 1.61 Mgl 3.01
Aluminium 10.29 3.25 A1Z203 19.44
Silicon 26.%6 20.76 5i0z 57.87
Potassium 2.87 1.42 K20 3.08
Calcium 4.24 2.28 Cal 5.83
Titanium 0.50 0.23 Tig2 0.83
Iron T.01 Z2.72 Fed 9.02
Phosphorus 0.00 0.00 F205 Q.00
Sulfur 0.00 0.00 303 0.00
Chlorine 0.00 0.00 0.00
Hanganese 0.00 0.00 Hnd 0.00
186; RUDER 9190 Total: 100.00 100.00
SE M 0x HV: 15.0 KV WD: 127 mm
F 3 Spectrum
Element norm. C Atom. C Compound norm. Comp. C
[wt.%] [at.%] [wt.%]
Oxvgen 44,30 §1.45 Q.00
Sodium 0.31 0.30 HNazo 0.41
Magnesium 1.1% 1.06 MgO 1.93
Aluminium 9.15 7.53 A1z203 17.30
Silicon 25.17 19.8% 5igz2 53.85
Phosphorus 0.00 Q.00 P205 Q.00
Potassium 2.87 1.52 K20 3.22
Calcium .80 4.87 Cal 1z.31
Titanium 0.33 0.15 Tigz 0.55
Iron 8.10 3.22 Fel 10.42
Sulfur 0.00 0.00 503 0.00
Chlorine 0.00 0.00 0.00
¥ Manganese 0.00 Q.00 Mnl Q.00
15.0 kV WD: 11.6 mm =] Total: 100.00 100.00

Figure 10. SEM images and EDX analysis element and oxide ratios of (a) H5, (b) H6, and (c) H7
samples.

As shown in Figure 9, the binder of the H5 plaster mortar sample was calcium carbonate of lime
origin at about 5-10%, and 90-95% was abundant clay soil of terrestrial origin formed by the
decomposition of potassium-based feldspars. The sample contained 57.37% silicon from clay and
lesser amounts of aluminum, iron, calcium, potassium, magnesium, sodium, and titanium. The binder
of the H6 plaster mortar sample was calcium carbonate originating from lime in the range of
approximately 8-10%, and 90-92% was abundant clay soil of terrestrial origin consisting of
decomposition of potassium-based feldspars. The sample was determined to contain 57.67% silicon
from clay and aluminum, iron, calcium, potassium, magnesium, sodium, and titanium in smaller
amounts than this element. The binder of the H7 filling mortar sample was calcium carbonate of lime
origin in the range of approximately 10-15%, and 85% was abundant clay soil of terrestrial origin
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formed by the decomposition of potassium-based feldspars. The sample contained 53.85% silicon from
clay and smaller amounts of aluminum, calcium, iron, potassium, magnesium, titanium, and sodium.

According to the results of the SEM-EDX analysis, mortars H3, H5, H6, and H7 had very high
silica content due to the high clay content.

3.4. Species Analysis of Wood

The cross-sectional properties of sample A2, a fungal-damaged wood sample with a white paint
layer from the cabinet part of building numbered 1766, were examined (Figure 11). It was observed
that the annual ring boundaries were clear, the transition from spring wood to summer wood was
rapid, and resin channels were present in its structure. In the radial section characteristics, it was
observed that the marginal passages on the radial walls of the longitudinal tracheids were single-
row, the medullary rays were heterogeneous, and the tracheid cell walls were coarsely toothed. It
was also observed that the meeting place passages were of a large window type. In the tangential
section characteristics, it was determined that the medullary rays were mostly 1-12 cells high. As a
result of the macroscopic and microscopic examinations, the genus of the A2 sample taken from the
cabinet joinery was determined to be yellow pine (Pinus sylvestris L.).

Cross section Radial section Tangential section

Figure 11. Thin section images of A2 sample.

The cross-sectional properties of sample A3, a wood sample taken from the floor covering of
building 1766, which has no paint layer and has been damaged by fungus and insects, were examined
(Figure 12). It was observed that the annual ring boundaries were clear, the transition from spring
wood to summer wood was rapid, and resin channels were present in its structure. In the radial
section characteristics, it was observed that the marginal passages on the radial walls of the
longitudinal tracheid cells were single-row, the medullary rays were heterogeneous, and the walls of
the tracheids were coarsely toothed. It was also observed that the meeting place passages were of a
large window type. In the tangential section characteristics, it was determined that the medullary rays
were mostly 1-12 cells high. As a result of macroscopic and microscopic examinations, the species of
the A3 sample taken from the pavement was determined to be yellow pine (Pinus sylvestris L.).

Cross section

Figure 12. Thin section images of A3 sample.
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4. Conclusions and Recommendations

Chemical, mechanical, and petrographic analyses of the materials taken from traditional houses
in Konuralp, which have survived to the present day by preserving their original structural features,
are presented below.

We examined mortar samples taken from the building numbered 1766 and determined that
samples H5 and H7 were approximately 10-15% and sample H6 was 15-20% clay adobe mortar of
terrestrial origin containing lime reinforcement and ash, carbonated rock fragments, and brick
fragments in the aggregates. The aggregate-binder ratios of the samples were 1:6-7 in samples H5
and H7, while this ratio was around 1:5 in sample Heé.

According to the SEM-EDX results for the mortar samples taken from the building numbered
1766, it was determined that the binder parts of the mortars numbered H5, H6, and H7 contained
high amounts of silicon originating from clay and smaller amounts of aluminum, iron, calcium,
potassium, magnesium, sodium, and titanium in various ratios.

When the protein and fat test results were analyzed, no fat was determined in any of the mortar
and plaster samples, while a small amount of protein was determined in all samples. This indicates
that organic additives were used to create mortars and plasters.

The wood species of the floor covering and cabinet joinery samples from the building numbered
1766 were determined to be yellow pine (Pinus sylvestris L.). It is predicted that the same type of wood
can be used as a wood species specific to the region during the repair phase.

As a result of these analyses, it will be possible to ensure that the materials used in the
conservation and repair of the buildings show properties similar to those of the original materials. In
line with this understanding, there is a cultural responsibility to adopt a multidisciplinary approach
and work with experts in the field of improving and reusing buildings.
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