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A B S T R A C T

Ottoman baths were peculiar buildings with their function in community life, architectural
characteristics and material use. Their interior spaces were exposed to high humidity and
temperatures that made the building structure vulnerable to physical, chemical,
physicochemical and biological degradations. Plasters used on the interior wall surfaces
were the most important agents to protect the structure from deterioration and provide
durability. This study aims to exhibit the plaster characteristics of Çinili Bath in _Istanbul
which was an outstanding example of Ottoman baths and built by Great Architect Sinan.
Basic physical properties, raw material compositions, mineralogical, microstructural and
hydraulic properties of original brick-lime plasters called as horasan (khorasan) plasters
used on the walls were determined by XRF, XRD, SEM-EDS and TGA. Multilayered plaster
application together with the use of glazed tiles were observed on the wall surfaces of all
interior spaces. The plasters were produced from pure lime and pozzolanic crushed brick or
tile aggregates and hydraulic because of the pozzolanic properties of aggregates. They are
stiff, compact and durable in hot and humid conditions of bath buildings due to their self-
healing properties and the formation of calcium silicate hydrates and calcium aluminate
hydrates at the lime-brick interfaces and in the pores of the pozzolanic brick aggregates by
the reaction of lime. Characteristics of brick aggregates were compared with the
construction bricks used in the building. Their chemical and mineralogical compositions
revealed that the aggregates had not been produced from construction bricks. All the
results indicated that brick-lime plasters were the most suitable materials for bath
buildings to protect the structure from the effect of water.
© 2019 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Plasters and renders are important parts of historic buildings that provide surface protection to the structural system of
buildings against water and moisture penetration, salt crystallization, wetting-drying and freezing-thawing cycles and
biological growths. They also support fire resistance, show high resistance against impact damages, modify sound absorption
and improve thermal and sound insulation. In addition to these functions, they also provide an aesthetic finishing and a
regular, smooth surface proper to painting or decoration which can be easily repaired [1,2].

Lime had been one of the most common raw materials used in plaster manufacturing since ancient times. Lime plasters
which had been produced by using lime as binding material and aggregates of different origins can be classified according to
their hydraulic properties as non-hydraulic and hydraulic. Non-hydraulic plasters were produced by using non-hydraulic
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lime with inert aggregates, whereas hydraulic ones were consisted of either hydraulic lime with inert aggregates or non-
hydraulic lime with natural or artificial pozzolans (crushed bricks or roof tiles).

Plasters made by mixing of lime and crushed bricks were the essential materials of the historic aqueducts, bridges and
bath buildings due to their hydraulicity and durability. The use of these plasters can be regarded an ancient tradition dating
back to 3000 BCE [3]. They were used as wall plastering, floor covering and as mortars in the arches, foundations and cisterns
in Greek and the following civilizations [3–5]. These plasters had different names according to the region and the period they
had been used like “Cocciopesto” in Roman [6], “Surkhi” in India [7], “Homra” in Arabic countries and “Horasan (Khorasan)”
in Turkey [8]. In the Ottoman period, the most widespread use of horasan plasters was in the bath buildings [9,10].

The raw materials of crushed brick aggregates are obtained by heating the natural raw material sources containing clay
minerals between 450 and 800 �C. Between these temperature intervals, the crystal structures of the clays are converted to
the pozzolanic amorphous materials [11]. Pozzolanic amorphous materials are mainly aluminosilicates that react with lime
to produce calcium silicate hydrate and/or calcium aluminate hydrate. These products give the hydraulic character to the
mortars and plasters [10,12,13]. Type and purity of clays, heating temperature, particle size distribution and specific surface
area of the amorphous substances affect the formations of calcium silicate hydrate and tetracalcium aluminate hydrate [5].

In the recent studies, raw material compositions, physical, mineralogical and microstructural characteristics of crushed
brick-lime mortars and plasters (horasan) used in some historic buildings such as in Rhodes, Crete, _Istanbul (Hagia Sofia) and
cathedrals in Kiev, Israel [14–16], Archaeological Roman site of Troia in Portugal [17], Ancient cities of Aigai (Manisa) and
Nysa (Aydın) [18], historical town of Mertola [19], some Ottoman bath buildings [9,10], water channel of hydraulic structures
of Augusta Emerita (Mérida, Spain) [20], Roman, proto-Byzantine and Medieval mortars collected from Kyme (Turkey) [21],
Lucknow monuments (18th century) [22] were determined. The results of the studies indicated that the crushed brick
aggregates-lime mortars have 1/4 to 1/2 in volume binder/aggregate ratios. The binders were found as calcite because of the
carbonated lime and as calcium silicate hydrates and calcium aluminate hydrates due to hydraulic reaction of lime with the
pozzolanic crushed brick aggregates.

In this study, characteristics of original lime plasters (horasan) used on the walls of Çinili Bath which is one of the most
remarkable Ottoman architectural monuments designed by Great Architect Sinan in _Istanbul were determined by XRF, XRD,
SEM-EDS and TGA analysis. The Bath was very famous with the _Iznik glazed tiles (çini) covering the interior wall surfaces.
The aim of this study was to understand the use of the horasan plasters and to define the necessary characteristics of the new
compatible plasters which will be used in the restoration works of the Bath without damaging its historical, architectural and
aesthetic values.

2. Çinili Bath and experimental studies on its plasters

Sinan who lived in the 16th century was the most famous Ottoman architect and engineer and regarded as the symbol of
the classical Ottoman period that was contemporary to the Italian Renaissance. His famous Selimiye Mosque and its Social
Complex in Edirne (Turkey) [23] and Mehmed Paša Sokolovi�c Bridge in Višegrad (Bosnia and Herzegovina) [24] was selected
for the UNESCO World Heritage list since they were both evaluated as “the apogee of the Ottoman Empire” and also “a
masterpiece of the human creative genius” and “a major stage in the history of civil engineering and bridge architecture”.
Apart from these, he designed dozens of monumental buildings like mosques, madrasas, baths, khans, tombs and bridges in
different regions under Ottoman rule. Çinili Bath is one of the most outstanding Ottoman bath buildings (1540–1546)
designed by Great Architect Sinan in _Istanbul (Fig. 1). It was built as a typical double bath consisting of women’s and men’s
parts with soyunmalık (disrobing area), ılıklık (warm part), sıcaklık (hot bathing area) and halvet (private hot cells) spaces
(Fig.1). The name of the Bath (“Çinili” means “with çini”) comes from the glazed tiles (çini) used on the interior surfaces of its
walls. The Bath is of great importance since it had been one of the outstanding works of Great Architect Sinan, had historical,
architectural and aesthetic values and had survived substantially with its original material characteristics. Glazed tiles which
were rarely found in Ottoman period bath buildings also contributed for the architectural, aesthetic and rarity values of the
building.

2.1. Sampling

On the interior wall surfaces of the bath, multilayered plaster application that was distinguished as lower level and upper
level plasters due to their layers, colors and traces of glazed tiles was observed (Fig. 2). The lower level plasters on the wall
surfaces are extended to 1.5 m height from the floor surfaces of the bath whereas the upper level plasters are extended along
the wall surfaces from 1.5 m height. The lower levels of wall surfaces were covered with two horasan plaster layers and
glazed tiles (Fig. 2). Glazed tiles were attached to wall surface by adhesives and joint mortars were used between the tiles
[25]. In the present situation of the Bath, the glazed tiles had been removed from the walls, but their traces are still visible
(Fig. 2). The upper levels were covered with one horasan plaster and one or two lime plaster layers.

In this study, 6 horasan plasters used on the walls of the bath were collected. In addition to these samples, 3 construction
bricks were collected to make comparison with chemical and mineralogical properties with the brick aggregates used in the
plasters. Also, 1 glazed tile adhesive and 1 joint mortar samples were collected to understand the tile application technique
(Fig. 3, Table 1).



Fig. 1. Section and photos of the Çinili Bath showing the spaces.

Fig. 2. Plaster layers of interior spaces.
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Fig. 3. Plan of the Çinili Bath showing where the samples were collected.
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Table 1
Samples of the Çinili Bath.

Sample Definition

Pl.I.W Base plaster from Ilıklık wall of women’s section
Pl.S.W Base plaster from Sıcaklık wall of women’s section
Pl.H.W Base plaster from Halvet wall of women’s section
Pl.I.M Base plaster from Ilıklık wall of men’s section
Pl.S.M Base plaster from Sıcaklık wall of men’s section
Pl.H.M Base plaster from Halvet wall of men’s section
Br.So.W Construction brick from Soyunmalık wall of women’s section
Br.H.M Construction brick from Halvet wall of men’s section
Br.H.Ni.M Construction brick from niche part of Halvet room of men’s section
Ad.I.M Glazed tile adhesive from Ilıklık wall of men’s section
Mo.I.W Joint mortar from Ilıklık wall of women’s section

Pl: Plaster, Br: Brick, Ad: Glazed Tile Adhesive, Mo: Joint Mortar, I: Ilıklık space, S: Sıcaklık space, H: Halvet space, So: Soyunmalık space, Ni: Niche, W:
Women’s section, M: Men’s section.

Table 2
Raw material, mineralogical and chemical compositions.

Sample Raw Material Compositions Mineralogical Composition Chemical Compositions % Hydraulicity CO₂ /H₂O

Lime/Aggregate CaO MgO SiO2 Al2O3 FeO Na2O K2O SO3

Pl.I.W 2/3 Calcite, Quartz, Albite 57,6 1,3 30,2 7,4 2,1 – 0,2 1,1 3,65
Pl.S.W 1/1 Calcite, Quartz 46,6 3,4 32,4 10,1 3,4 0,5 1,5 1,9 3,49
Pl.H.W 3/2 Calcite, Quartz 38,7 2,5 25,4 7,2 2,6 – 0,3 3,5 3,11
Pl.I.M 2/3 Calcite, Quartz, Albite 44,3 1,9 36 10,2 3,4 0,5 1,2 2,1 1,59
Pl.S.M 1/1 Calcite, Quartz, Albite 44,7 2,2 35,8 10 3,9 0,2 0,5 2,4 2,79
Pl.H.M 5/4 Calcite, Quartz 41,7 1,2 48,1 6,5 1,1 0,2 0,7 0,2 4,2

Pl: Plaster, I: Ilıklık space, S: Sıcaklık space, H: Halvet space, So: Soyunmalık space, Ni: Niche, W: Women’s section, M: Men’s section.

Fig. 4. XRD patterns of horasan plasters.
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2.2. Analysis of the samples

In this study, basic physical properties, raw material compositions, chemical and mineralogical compositions,
microstructural properties and hydraulic properties of the plasters were indicated. Basic physical properties (bulk density
and porosity) were determined by standard test methods [26]. Lime to aggregates ratios and particle size distribution of
aggregates of plaster samples were determined by dissolving of the carbonated lime in dilute hydrochloric acid, followed by
filtering, washing, drying and sieving the aggregates.

Mineralogical compositions of fine plaster matrices, construction bricks and crushed brick aggregates were determined
by X-ray Diffraction (XRD) analysis using a Philips X-Pert Pro X-ray Diffractometer (CuKα radiation in the 5–70� range).
Chemical compositions of fine plasters and their microstructural characteristics were identified by Philips XL 30-SFEG
Scanning Electron Microscope (SEM) equipped with X-Ray Energy Dispersive System (EDS). Hydraulic properties of plasters
were established by determining the weight loss due to chemically bound water of hydraulic products between 200 and
600 �C, and the weight loss due to the carbon dioxide content of the carbonated lime between 600 and 900 �C by
thermogravimetric analysis (Shimadzu TGA-21) [27].

Elemental compositions of construction bricks and brick aggregates were determined by X-ray fluorescence spectroscopy
(XRF). XRF analyses were conducted by a Spectro IQ II on melt tablets of powdered samples < 53 mm diluted with lithium
tetraborat.

Pozzolanic activities of the powdered brick samples (less than 53 mm) were determined by measuring the differences in
electrical conductivities (mS/cm) before and after the addition of samples into saturated calcium hydroxide solution [28].

3. Results and discussion

Results of the experimental studies are given and discussed as basic physical properties of plasters, chemical and
mineralogical compositions of plasters, brick aggregates and construction bricks, pozzolanic properties of bricks and
hydraulic properties of plasters.

3.1. General characteristics of plasters

Basic physical properties of horasan plasters were described by density (gr/cm3) and porosity values (%). All plasters used
in the bath are low dense and high porous materials. Their density and porosity values were between 1.1–1.6 g/cm3 and 29–
56 % by volume, respectively.

Fig. 5. XRD patterns of glazed tile adhesive (a) and joint mortar (b).
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Raw material compositions were defined by lime-aggregate ratios and particle size distribution of aggregates. Lime-
aggregate ratios of horasan plasters of the bath varied between 1/2–3/2 by weight (Table 2). Particle size distribution of
crushed brick aggregates which had particle sizes 500 mm. constituted the major fraction of the total aggregates. The results
revealed that raw material compositions of horasan plasters did not differ according to the space they had been used.

Quantitative chemical analysis carried out by SEM-EDS indicated that they were consisted of high amounts of CaO, SiO2,
Al2O3 and low amounts of FeO, MgO, SO3, K2O and Na2O (Table 2). Presence of mainly CaO was resulted from carbonated lime
and SiO2 and Al2O3 were resulted from brick powders. SO3 detected in all horasan plaster in the amounts ranged between
0.55–3.55 % may show the use of small amount of gypsum addition in the lime binder to provide quick setting of lime plaster
(Table 2).

Mineralogical compositions of horasan plasters of Çinili bath determined by XRD revealed that all horasan plasters used
were composed of calcite (C:CaCO3), quartz (Q:SiO2) and albite (A:(Na(AlSi3O8)) (Fig. 4).

3.2. General characteristics of glazed tile adhesives and joint mortars

XRD analysis clearly indicated that glazed tile adhesive applied on horasan plasters and joint mortar between the tiles had
different compositions. XRD patterns of glazed tile adhesive showed that they were mainly composed of gypsum (Fig. 5a).

Fig. 6. XRD patterns of construction bricks and brick aggregates.

Table 3
Oxide compositions (%) and pozzolanic activities of construction bricks and brick aggregates.

Sample Major Oxides (%) Pozzolanic Activity (mS/cm)

SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5

Pl.I.W 86,34 6,096 4,105 0,972 0,5889 < 0,11 0,267 1,017 0,3041 3,70
Pl.S.W 90,43 4,367 2,532 0,851 0,3771 < 0,11 0,027 0,9306 0,2866 5,60
Pl.H.W 91,72 3,041 2,918 0,394 0,3984 < 0,11 < 0,0012 1,067 0,2578 4,50
Pl.I.M 89,6 4,772 2,901 0,512 0,376 < 0,11 0,169 1,155 0,2779 4,80
Pl.S.M 85,97 6,748 4,244 0,974 0,4424 < 0,11 0,156 0,978 0,3089 5,10
Pl.H.M 88,53 5,695 3,256 0,657 0,2681 < 0,11 0,088 1,033 0,2994 5,80
Br.So.W 62,67 19,72 6,98 2,762 2,22 2,44 1,63 0,9448 0,3772 0,30
Br.H.M 50,26 18,23 6,41 7,169 12,24 2,46 1,736 0,7036 0,3701 1,10
Br.H.Ni.M 61,55 20,87 7,359 2,848 2,185 1,97 1,464 1,101 0,3604 0,60

Pl: Plaster, Br: Brick, I: Ilıklık space, S: Sıcaklık space, H: Halvet space, So: Soyunmalık space, Ni: Niche, W: Women’s section, M: Men’s section.
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Minor calcite peaks observed on their patterns may because of the impurities originated from sampling. On the other hand,
joint mortars were mainly consisted of calcite and quartz (Fig. 5b). The reason of the gypsum free composition of joint
mortars which were exposed to water more than glazed tile adhesives could be explained by avoiding the water-soluble
character of gypsum.

3.3. General characteristics of construction bricks and brick aggregates

Recent researches revealed that historic bricks were mainly composed of quartz, feldspar, muscovite, amorphous silica,
alumina and hematite which provides red color for the bricks [29–31]. The chemical composition of the historic bricks
consisted of silica (SiO2), alumina (Al2O3), iron oxide (Fe2O3), potassium oxide (K2O), sodium (Na2O), calcium (CaO) and
magnesium (MgO) oxides. Silica and alumina constitute the major oxides of historic bricks were found in the ranges of 53–61
% and 22–32 %, respectively from the 12th to 18th centuries [32,29].

In this study, construction bricks of the Bath were found to be composed of mainly quartz (SiO2), potassium feldspar
(KAl2Si2O5(OH)4), sodium feldspars (NaAlSi3O8), biotite (KMg3AlSi3O10(OH)2) and hematite (Fig. 6). In addition to these
minerals, brick aggregates contained more amorphous substances indicated by a diffuse band between 20�and 30�2u on the
XRD patterns (Fig. 6). Amorphous substances could be originated from the higher amounts of heated clay minerals or
addition of natural amorphous minerals into the fine brick aggregates [10]. Minerals indicating high firing temperatures
during manufacturing like mullite and cristobalite [33] were not observed on the XRD patterns. This reveals that both brick
aggregates and construction bricks were manufactured at temperatures not exceeding 950�1000 �C. Also, the presence of
hematite mineral shows that the firing temperatures were around 850 �C.

XRF results revealed that construction bricks were composed of mainly SiO2 (50.26–62.67 %) and Al2O3 (18.23–20.87 %);
moderate amounts of Fe2O3(6.41–7.36 %); lower amounts of MgO (2.76–7.17 %), CaO (2.19–12.24 %), Na2O (1.97–2.46 %) and
K2O (1.46–1.74 %); very low amounts of TiO2 (0.70–1.10 %) and P2O5 (0.36-0.38 %) (Table 3).

Results of the major oxide compositions of construction bricks of Çinili Bath were similar to the chemical composition of
historical bricks from 12th to 18th centuries [34,30,31]. But then, brick aggregates of plasters had higher SiO2 (85.97–91.72 %),

Fig. 7. Ternary diagrams SiO2-Al2O3-others and SiO2+Al2O3-Fe2O3-others.
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lower Al2O3 (3.04–6.75 %), MgO (0.39-0.97 %) and CaO (0.27-0.59 %) content compared to construction bricks. Major oxide
compositions were used to generate ternary diagrams depending on SiO2-Al2O3-other major oxides and (SiO2+Al2O3)-Fe2O3-
other major oxides in order to exhibit the differences between construction bricks and brick aggregates in a statistical way.
Both diagrams revealed that distinctive groups can be established depending on the major oxide compositions (Fig. 7).

Trace elements compositions are generally considered as an important determinant of the provenance of raw materials
from which bricks are produced [35]. Trace elements compositions determined by XRF revealed that Mn, Sr, Y and Ba
concentrations (ppm) of construction bricks and brick aggregates are significantly different from each other (Fig. 8, Table 4).
The differences in major oxide and trace elements compositions may be interpreted as the indicator of the conscious
selection of different raw material sources during the manufacturing of construction bricks and brick aggregates.

The pozzolanic activities of construction bricks and brick aggregates were determined by following the reaction between
lime and brick powders by electrical conductivity measurements. The differences more than 2 mS/cm before and after the
reaction revealed highly energetic pozzolanicity [28]. Electrical conductivity differences of brick aggregates were found
between 3.70–5.80 mS/cm, whereas the differences were found between 0.30–1.10 mS/cm in construction bricks (Table 3).
These results exhibit that brick aggregates used in plasters can be regarded as energetic pozzolans while construction bricks
do not possess pozzolanic properties.

Fig. 8. Mn (a), Sr (b), Y (c) contents of construction bricks and brick aggregates.
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The mineralogical and chemical compositions, and pozzolanic activity analysis results indicated that the bricks used in
plasters were not identical to bricks used in building construction. These results indicate that the pozzolanic bricks were
intentionally manufactured and chosen for hydraulic lime plasters used in the bath buildings.

3.4. Microstructural properties of plasters

Microstructural properties of horasan plasters of Çinili Bath were examined by SEM-EDS. SEM analyses indicated that
crushed brick aggregates and lime were well adhered to each other. This strong adhesion revealed that a very well mixing
had been carried out during preparation of horasan plasters and also the reaction between brick aggregates and lime. Brick-
lime interfaces were rich in calcium silicate hydrate (CSH) and calcium aluminate hydrate (CAH) formations by the result of
this reaction (Fig. 9). CSH and CAH formations provide hydraulic properties to horasan plasters.

SEM analysis also showed that microcracks in the plasters and pores of the bricks aggregates were filled with calcite
crystals by the dissolution and precipitation reactions of carbonated lime in the humid and hot conditions of the bath [9].
This process, called self- healing, heal the micro cracks and fissures and enhance the durability of plasters.

3.5. Hydraulic properties of plasters

Hydraulic properties of the horasan plasters related to the pozzolanicity of the brick aggregates were determined by using
thermogravimetric analysis (TGA). For this purpose, the percentage of weight losses between 200�600 �C due to loss of
chemically bound water (H2O) of hydraulic components and 600�900 �C due to the release of CO2 during decomposition
of CaCO3 were calculated. If the ratio of CO2/chemically bound water of plasters is between 1 and 10, plasters could be
accepted as hydraulic [27]. Investigated plasters had CO2 content between 3,56-17,03 %, and chemically bound water content
between 0,98-7,44 %. According to these results, their CO2/H2O ratios were found between 1.59–4.20 which indicated that all
horasan plasters of Çinili bath were hydraulic (Fig.10). Hydraulic properties of horasan plasters can be attributed to the use of
pozzolanic aggregates.

Table 4
Traces (ppm) of construction bricks and brick aggregates.

Sample Traces (ppm)

S Cl Cr V Mn Ni Cu Zn Ge Se Br Sr Y Nb Mo Te Ba Pb

Pl.I.W 80,2 1309 111 <5,1 423 36 319 <1,0 <0,3 19,3 <1,0 20,5 6,8 11,2 3,7 <7,1 <106 7,6
Pl.S.W 93,6 284,2 121 <5,1 352 36 337 29,9 <1,7 19,7 6,2 15,2 3,5 9,8 3,5 <7,1 74 <2,0
Pl.H.W 85,5 376,6 41,7 <5,1 399 36 397 14,5 26 9,5 4,6 7,5 6,4 11,5 6,1 <7,1 8,1 <2,0
Pl.I.M 43,8 629,1 66,1 <5,1 451 <9,6 425 18,9 26 25,6 8,3 23,4 5,8 17,5 <10 <7,1 <8,1 <2,0
Pl.S.M 37,2 348,7 76 <5,1 492 <2,0 220 36,2 <1,0 6,9 <1,0 16,6 6,4 7,3 2,6 <104 <8,1 <2,0
Pl.H.M 87,3 298,5 66,1 <26 340 <8,6 259 32,1 <1,0 9,5 2 11,7 4,6 6,3 <10 111 <8,1 <2,0
Br.So.W 45,1 93,7 125 65,7 637 <12 446 46,5 <1,0 19,6 <1,0 124 23,8 7,2 <10 <7,1 285 <2,0
Br.H.M 157 208,9 189 22,9 748 216 634 49,1 <1,0 18 6,8 319 25,9 7,9 <10 <72 521 <2,0
Br.H.Ni.M 52,2 201,4 81,6 99,9 723 <12 492 28,8 <1,0 18,8 8,8 110 20,6 8,6 <10 <7,1 238 <2,0

Pl: Plaster, Br: Brick, I: Ilıklık space, S: Sıcaklık space, H: Halvet space, So: Soyunmalık space, Ni: Niche, W: Women’s section, M: Men’s section.
Fig. 9. BSE images of brick(B)-lime(L) interface of horasan plaster (a) and the precipitated calcite crystals in the pores of the brick aggregates (b).
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4. Conclusions

Çinili Bath designed by the Great Architect Sinan is one of the most remarkable Ottoman bath buildings in _Istanbul which
survived by preserving its original material characteristics. Ottoman baths had a hot and humid inner climate which caused
great difficulty to control and maintain the material degradation caused by water. This difficulty had been overcomed for
hundreds of years by using horasan plasters which had self-healing characteristics that eliminated the need for renewal.
Also, multilayered plaster application was observed on the wall surfaces of all interior spaces which was distinguished as
lower level and upper level plasters. Lower level plasters were consisted of two horasan plaster layers and glazed tiles;
whereas upper level plasters were consisted of one horasan plaster layer and one or two fine lime plaster layers. Multilayered
plaster application together with the use of glazed tiles is a rare example for Ottoman period bath buildings.

All base horasan plasters have similar physical, mineralogical, chemical and microstructural properties. They are of low
density and high porosity. Horasan plasters were produced from pure lime and pozzolanic crushed brick aggregates. They
were hydraulic due to the use of highly energetic pozzolanic crushed bricks. They are durable and stable materials in moist,
humid and hot conditions of the bath buildings due to their self-healing properties and the formation of calcium silicate
hydrate and calcium aluminate hydrate that are formed at the surfaces and in the pores of the brick aggregates by the
reaction of lime. Glazed tiles were attached to wall surface by gypsum based adhesives. Despite the use of gypsum, glazed
tiles and lime joint mortars between the tiles prevented direct water penetration to glazed tile adhesives. New materials that
will be used during the conservation of Çinili Bath should be compatible with the original material characteristics
determined by this study.
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