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It is of great importance that the architectural and engineering disciplines work together in the restoration studies of 

historical buildings which are our cultural heritages. It is required that the bearing system and the materials of the 

structures should be investigated in detail prior to any conservation. The determination of the properties and 

compositions of the mortar material used in the construction of the historical building is one of the most important 

phases of the conservation studies and it is the main purpose of this study. In the scope of the study, the basic 

physical and mechanical properties, micro structures, raw material compositions, mineralogical and chemical 

properties of historical mortars taken from Kizil Khan, Karapasah Madrasah and Yelli Mosque structures in Becin 

antique city are determined. As a result of the study, it is determined that all mortar samples have hydraulic properties 

that is a result of hydraulic properties of binder lime. 
Keywords: historical buildings, mortar composition, micro structural investigation, structural materials. 

 

1. INTRODUCTION 

Historical buildings named as indicator of cultural 

heritages have crucial functions that establish a bond with 

antecedents and they should be carefully carried into 

future. Due to the fact that Turkey is located in active 

seismic region, the seismic risk analysis of historical 

buildings and therefore examination of the mechanical 

properties for the materials used in such buildings 

become compulsory before their restorations. It was 

emphasized to use orginal materials in retrofitting of 

historical buildings in Venedic Specifications published in 

1964 and adopted by our country [1]. The accurate 

defining of orginal materials plays a basic step in shedding 

light on restoration investigations that will be made in the 

future [2 – 6]. 

In the past, lime mortars were commonly used as a 

structural bond material in historical buildings since The 

Roman Empire [7 – 9]. Lime mortar is one of the binding 

materials that hold together the material of historical 

structures like stones and bricks and it is obtained by 

mixing lime and aggregates. Lime mortars can be 

classified into two groups according to presence of 

hydraulic compounds as hydraulic and non hydraulic [10]. 

Non-hydraulic mortars are obtained from the mixture of 

pure lime and pozzolanic aggregates. Non-hydraulic lime 

mortar gains its strength as a result of the conversion of 

lime to carbonate (CaCO3) via calcium carbon dioxide of 

the air [11]. Hydraulic lime mortars are obtained by using 

hydraulic lime or pure lime by mixing pozzolanic 

aggregates. The strength of mortars prepared with 

hydraulic limes increases with calcium-silicate-hydrate  

(C-S-H) and calcium-aluminum-hydrate (C-A-H) by 

developing calcium silicates and aluminates reacting with 

water. In hydraulic mortars obtained by using pozzolanic 
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aggregates due to the reaction of pure lime with 

pozzolanics calcium-silicate-hydrate (C-S-H) and calcium-

aluminum-hydrate (C-A-H) are formed. Due to the newly 

formed compounds, hydraulic mortars have higher 

mechanical properties and resistances in comparison to the 

non-hydraulic mortars. 

In this study, the material properties of lime mortar 

used in historical stone structures (14th century) in the 

ancient city of Becin, located in southwest Turkey and 

hosted many civilizations (Byzantine, Ottoman and 

Menteshe Emirate), were be determined.  

2. MATERIALS AND METHODS 

The scope of this study considers eight samples of 

lime mortars obtained from stone structures of Kizil Khan, 

Karapasah Madrasah and Mosque of Yelli, which are 

located in the ancient city of Beçin built in 14th century. 

Six of them are from joint mortar and two samples are 

from plaster mortar. Samples under the study are named 

according to building names and number of samples from 

that building. The macro-structures, the basic physical and 

mechanical properties, microstructures of mortar and 

plaster samples, raw material compositions and 

mineralogical and chemical properties were determined. 

Descriptions and locations of the examined samples are 

given in Fig. 1 – Fig. 3 and in Table 1. 

 

North West Southwest 

Fig. 1. Facade views of Kizil Khan 
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Table 1. Description of the studied mortar samples 

Sample Descriptions 

KH-1 Joint mortar from northern facade wall – Kizil Khan 

KH-2 Joint mortar from western facade wall – Kizil Khan 

KH-3 Joint mortar from southwest facade wall – Kizil Khan 

KPM-1 
Joint mortar from southeast facade wall – Karapasah 

Madrasah 

KPM-2 
Joint mortar from southwest facade wall – Karapasah 

Madrasah 

KPM-3 
Plaster mortar from west facade wall – Karapasah 

Madrasah 

YC-1 Joint mortar from east facade wall – Yelli Mosque 

YC-2 
Interior plaster mortar from east facade wall- Yelli 

Mosque 

   
Southeast Southwest West 

Fig. 2. Facade views of Karapasah Madrasah 

   

East West 

Fig. 3. Facade views of Yelli Mosque 

The shape, size, hardness (mortar hardness have been 

determined according to the standart procedure defined in 

TS 6809, in which Mohs hardness of constituent minerals 

in the mortar have been obtained by comparing with 

minerals with known hardness [12]), color and texture of 

the materials were determined in macro level by using 

Nikon stereo microscope. 

In order to determine physical properties of the mortar 

samples, pycnometer and water absorption experiments 

were carried out by standard tests generally based on the 

same principles and given in the literature [13 – 15]. Water 

absorption rate (Sk, Sh) defined by mass and volume of 

samples, actual densities (δ: specific mass) and porosity 

(P) values were determined. 

Uniaxial compressive strengths (σ) of mortars were 

determined by mechanical testing device (Toni Technic) 

for those of appropriate geometry and by point loading 

tools (YKM-S221) for mortars with non-suitable geometry. 

By comparing the results obtained from these two 

experiments the strength conversion factor (K) is 

calculated [16 – 18]. 

With the use of acid loss and sieve analysis, raw 

material compositions of the mortar were defined by the 

ratios of binder/aggregate (B/A) (used in mortar) and 

particle size distribution for the aggregate. Amounts of 

lime and aggregate were defined by solving calcified lime 

(CaCO3) of 10 % dilute in hydrochloric (HCl) acid [19]. 

Grain size of aggregates have been determined after acid 

loss analysis by using sieves with hole sizes in the range of 

75 to 9500 microns. 

There are various methods available for determining 

the pozzolanic activity in the literature and these are 

classified as direct and indirect methods [20, 21]. Among 

the indirect methods, electrical conductivity method is 

preferred due to its low sample material waste and low 

duration. On the other hand, the method has no standart 

and can be used in modified form [22, 23]. The values of 

pozzolanic activity for the aggregates were determined by 

measuring changes in electrical conductivity before and 

after mixing saturated calcium hydroxide solution solved 

in acid mixed with fine-grained aggregates lower than 90 

micrometers. The range of 0.4 – 1.2 mS/cm for the 

difference between electrical conductivities shows that 

aggregates are featured pozzolanic and the value above 

1.2 mS/cm indicates that material has very pozzolanic 

property [24]. Electrical conductivity values are measured 

with HQ40d model multimeter. 

Hydraulic properties of mortars were determined by 

thermographical analysis and ignition loss method. 

SHİMADZU DTG-60H model device has been used for 

TGA/DTA analysis. In the analysis 11 mg powdered 

samples have been used. In order to remove the effect of 

atmospheric gases, analysis have been performed in 

nitrogen environment and gas flow velocity has been set to 

100 mL/min. Heat flux values have been set for 10 degrees 

increase per minute (10 °C/min). As a result of the 

analysis, percent mass loss as a function of temperature 

change have been determined for the temperature intervals 

of 0 – 120°C, 200 – 600°C, and 600 – 900°C. Loss of 

hygroscopic water (up to 120 °C), loss of structurally bond 

water (200 – 600 °C) and the loss of CO2 (600 – 900 °C) 

were determined. Hydraulic properties of mortar were 

evaluated with the proportion of loss carbon dioxide to 

water percentiles and if this ratio is lower than 10, it was 

adopted that mortar has hydraulic property [4 – 25]. 

Protein and fat tests were conducted to detect whether 

fat and protein-based organic materials were added into the 

content of compositions of mortar and plaster mixtures. 

Protein test was made by using Gerhardt Vapodest 40s 

device. Protein content was calculated using the total 

nitrogen determined by Kjeldahl method with subsequent 

multiplication by the factor 6.25 [26]. 

In the process of oil detection, powder samples are 

placed on a glass, mixed with added copper sulphate 

(CuSO4) crystals and one or two drop of concentrated NH3 

solution has been added. Then reaction is completed with 

the addition of hydrogen peroxide (H2O2). Permanent soap 

bubbles after 20 minute is an indication of oil existence. İf 

the bubbles are temporary, there is no oil [27]. 

Microstructural properties of lime and aggregates used 

in mortars have been determined with Scanning Electron 

Microscope with EDS unit. 

Mineralogical features of the lime used in the 

aggregates were determined by using petrographic analysis 

through polarized microscope (Leica DM750P), and also 

by using X-Ray Diffraction (XRD) instrument (Rigaku 

Mini Flex) known as advanced analysis techniques. 
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Chemical compositions of the mortars were 

determined by means of the apparatus of the X-ray 

fluorescence spectrometry (Spectro PEDXRF XEPOS-II). 

3. RESULTS AND DISCUSSION 

3.1. Macro structural analysis of mortar with the 

physical, mechanical properties and 

compositions of raw materials 

All mortar samples have been observed in a porous 

structure and their colors vary from yellowish beige-white 

up to dark gray-black in different colors. It has been 

observed that the mortars were composed of partially 

rounded mineral and rock components in different particle 

sizes (from silt size up to 1 cm) and binding material 

surrounding the particles as shown by Benedetti et al. [28]. 

The hardness of the mortars was between 4.5 – 6 Mohs. 

Physical properties of mortar samples are given in 

Table 2 and summarized as follows actual densities  

(δ: specific mass) of the samples were found to be  

2.67 – 2.80 g/cm3, the percentage by mass of water 

absorption (Sk) was 9.9 – 14.3 %, the percentage by 

volume of water absorption (Sh) was 18.6 – 25.6 % and the 

porosity values were 30 – 38 %. Density and porosity 

values obtained from the current study are in good 

agreement with the literature based on the same type of 

hydraulic mortars obtained by using hydraulic limes. For 

example, in the work of Stefanidou hydraulic mortars 

porosity values are very close to the present study [29]. 

Also present results show good agreement with the results 

of Oguz et al. on Seljukian harbor in Antalya, in which 

they found 30 % porosity and 2.63 g/cm3 density values 

[30]. In other Seljucian structure Ulukaya et al. determined 

a density value of 2.7 g/cm3 and in Bizantian structure the 

same authors obtained a density value of 2.63 g/cm3. In 

their study the porosity was 35.4 % [31]. In a recent study 

by Kozlu for Kızılkosk, which is a Seljucian building, 

density was 2.62 g/cm3 and for the Gupgupoglu Bath from 

Ottoman time density was 2.77 g/cm3 [27]. In additon to 

density and porosity values, the percentage by mass of 

water absorption and the percentage by volume of water 

absorption which are given in Table 2 are also in good 

agreement with the findings of Kozlu and Oguz et al 

[27, 30]. 

Table 2. Test results for loss in acid, binder/aggregate ratio (B/A), 

physical and mechanical properties of mortar 

Sample 

Acid 

loss 

ratio 

% 

B /A 

ratio 
Sk, % Sh, % δ, g/cm3 P, % σ, MPa 

KH-1 33.1 1/2 9.9 18.6 2.67 30 1.41 

KH-2 50.1 1/1 13.6 23.9 2.72 35 1.14 

KH-3 32.1 1/2 13.5 23.8 2.74 38 2.45 

KPM-1 48.7 1/1 10.8 20.7 2.71 30 1.83 

KPM-2 49.3 1/1 10.9 20.8 2.70 29 1.92 

KPM-3 56.1 1/1 10.5 19.0 2.71 33 3.86 

YC-1 33.5 1/2 14.2 25.6 2.78 36 1.00 

YC-2 53.5 1/1 14.3 25.8 2.80 35 1.01 

The uniaxial compressive strengths of KH-3 and 

KPM-3 samples with suitable geometry were found by 

using a mechanical test device, and point-load device was 

used for samples with non-suitable geometry. The results 

obtained prom these two tests were compared and strength 

conversion factor (K) was found to be 10. The compressive 

strengths (σ) of all samples obtained by using this value 

are presented in (Table 2). Average uniaxial compressive 

strength of the samples from Kizil Khan, Karapasah 

Madrasah and Yelli Mosque structures are 1.67 MPa, 

2.54 MPa, and 1.0 MPa respectively. In the study of 

Ulukaya et al. average uniaxial compressive strength of the 

samples from Bizantian structure were in the range of  

1.0 – 2.2 MPa and in Seljucian stracture it was between 

1.6 MPa and 2.9 MPa [31]. 

The ratio of the binder/aggregate (B/A) of mortar 

samples varied between 1/2 and 1/1 (Table 2). 

Binder/aggregate ratios were the subject of many studies. 

Ugurlu et al. investigated this ratio for Roman time 

structures (Aigai and Nysa) and they found that the ratio 

was in between 1/4 and 1/1 [32]. In another study by Kozlu 

on Kızılkosk and Gupgupoglu Bath, the mentioned ratio 

was in between 1/2 – 1/1 [27]. The results of the above 

mentioned two studies are in good agreement with the 

present study. 

The results of sieving analysis of the mortar samples 

for the determination of grain size distribution are given in 

Fig. 4. In all samples maximum aggregate grain size was 

determined to be 8 mm. Grain size aggregates of more than 

1 mm were observed up to 30 – 50 % of the total aggregate. 

Findings of Benedetti et all. on Roman time and Oguz 

et al. on Seljucian structures are similar with the present 

findings [28, 30]. 

 
Fig. 4. Results of sieving analysis of the mortar samples 'KH-1, 

KPM-1, YC-1' 

Test results Pozzolanic activity, protein and fat 

analysis are shown in Table 3.  

Table 3. Results of pozzolanic activity, protein and fat 

Sample 
Pozzolanic 

activity, mS/cm 
Protein, % Fat, % 

KH-1 0.6 0.65 - 

KH-2 0.7 0.60 - 

KH-3 0.5 0.55 - 

KPM-1 0,6 0.99 - 

KPM-2 0.7 0.95 - 

KPM-3 0.6 1.00 - 

YC-1 0.4 0.41 - 

YC-2 0.5 0.43 - 

Table 3 shows that for the samples pozzolonic activity 

values are in between 0.4 and 0.7. They all are much lower 

KH-1 KPM-1 YC-1 
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than 1.2 value, which is a lower limit for very good 

pozzolonics. According to these results, all samples are 

normal pozzolonics.  

From protein and fat analysis of the mortars, traces of 

fat in the samples were not found but maximum amount of 

protein in the mortars was about 1 % (Table 3). 

3.2. Microstructural analyses of mortars 

(SEM/EDS analysis) 

Microstructural properties of lime used in mortars have 

been determined by examining carbonated lime in mortar 

matrix via SEM analysis coupled to EDS unit.  

Based on SEM, the grain sizes of calcite and other 

crystals which form lime are determined to be smaller than 

4 microns. In addition, grain sizes are almost uniform and 

homogeneously distributed (Fig. 5 a, b). 

 
a 

 
b 

 
c 

Fig. 5. KPM1 lime SEM/EDS images with magnitude:  

a – 10.000x for SEM; b – 1.500x for SEM; c – EDS image 

EDS analysis also revealed that the Ca has the highest 

percentage and Mg, Si, Al, K and Fe are present in the lime 

(Fig. 5 c). The chemical coefficient calculated by the ratio 

of molecular weight of CaO to atomic weight of Ca was 

used to convert elemental values such as Ca, Si, etc. from 

the carbonated lime to oxides ones (CaO, SiO2, etc.) as 

indicated in Table 4.  

In SEM/EDS analysis of aggregates high amount of 

SiO2 and Al2O3 have been detected. Analysis also reveals 

that aggregates in the binder of mortars are properly binded 

with lime. 

Table 4. KPM-1 Lime EDS Analysis Results 

Element % Oxide % 

O 62.06 - - 

Ca 19.21 CaO 26.87 

Mg 3.55 MgO 5.89 

Al 1.50 Al2O3 2.83 

Si 4.29 SiO2 9.17 

Fe 0.07 Fe2O3 0.09 

K 0.17 K2O 1.05 

Na 0.55 Na2O 0.74 

C 8.60 - - 

In order to determine hydraulic characteristics of lime, 

chemical compositions of the lime have been calculated by 

using hydraulicity and cementation index [33, 34]. 

Hydraulicity (H.E) and cementation index (CE) formulas 

are given below as Eq. 1 and Eq. 2: 

H.E = (% Al2O3 + % Fe2O3 + % SiO2)/(% CaO + % MgO) (1) 

C.E = (2.8 % SiO2 + 1.1 % Al2O3 + 0.7 % Fe2O3)/(% CaO + 

+ 1.4 %MgO)  (2) 

Limes with hydraulicity values lower than 0.1 and 

cementation index lower than 0.3 are classified as non-

hydraulic limes [34]. Hydraulicity and cementation index 

of the examined lime samples are in between 0.37 and 0.50, 

0.70 and 0.90 respectively. These results show that 

hydraulic limes are used for making mortars. 

3.3. Mineralogical properties of mortar 

3.3.1. Results of petrographic analysis 

In the petrographic analysis of the Kizil Khan mortar 

specimens, grain sizes were observed as squared, quartzite 

partially rounded, mica, feldspar and rarely sandstone 

grains (Fig. 6 a, b, c) and limestone particles were also 

observed. In all specimens, the matrix material is fine grain 

lime. Some pores were observed in the matrix (Fig. 6 b, c). 

In the petrographic analysis of Yelli mosque 

specimens, various grain sizes from thin up to large 

quartzite, mica, feldspar minerals, as well as round micritic 

limestone particles have been observed. Furthermore, the 

particles of rocks were determined to have volcanic and 

metamorphic origins (Fig. 7). 

In the petrographic analysis of Karapasah Madrasah 

mortar specimens, different sizes and shapes of quartz, 

quartzite, schist, rarely limestone components (Fig. 8 a) 

were observed in addition to quite large size piece of 

rounded basalt syphilitic (Fig. 8 b). It has been determined 

that lime binder is rather fine-grained and it has plenty of 

void (Fig. 8 c). 
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a 

 
b 

 
c 

Fig. 6. Polarized microscope views of Kizil Khan mortar:  

a – general texture; b – binder matrix; c – sandstone 

 
a 

 

 

b 

Fig. 7. Polarized microscope views of Yelli Mosque:  

a, b – general texture 

3.3.2. XRD (X-Ray Diffraction) analysis 

Quartz, Calcite and feldspar minerals were found in 

the KH-1 and YC-1 samples examined by XRD analysis. 

Weak peaks of clay minerals and dolomite minerals (only 

KH-2) have been observed in KH-2, KH-3, KPM-1 and 

KPM-3 but no calcium silicate hydrate (CSH) was found 

(Fig. 9 and Table 5). Calcite and dolomite peaks were 

derived from lime. Quartz and Feldspar (albite) represent 

the aggregates in the mortar. Additionally, it was found by 

XRD analysis that the feldspar mineral is the albite 

mineral, which is a NaAlSi3O8 component. Milas district 

was composed of albite stratums [35] and confirmed the 

finding of albite mineral in the samples analyzed by XRD 

tests. Mineralogical structure obtained from the analysis 

are similar to related literature findings [31, 32]. 

 

   

a b c 

Fig. 8. Microscope views of Karapasah Madrasah material: a – general texture; b – spillitic bazalt; c – binder matrix 
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For instance, Ulukaya et al. [31] were not able to 

detect C-S-H and Ugurlu and Boke [32] determined 

Quartz, Albite and Muskovite dominant minerals in 

aggregates of Roman structure by using XRD method. 

 

 

 
Fig 9. XRD Patterns of Studied Samples KH-1, KPM-1, YC-1 

(Q:Quartz, Ca:Calcite, F:Feldspar, I:Illite) 

Table 5. Results of XRD tests 

Sample Major phase, % Minor phase, % 

KH-1 
Calcite(34) Feldspar(31) 

Quartz(25) 
Illitic clay (10) 

KH-2 
Calcite (42) 

Quartz(42) 

Feldspar(9) 

Illitic clay(4) 

Dolomite(3) 

KH-3 
Quartz (43)  

Calcite (37)  

Illitic clay(10) 

Feldspar (10) 

KPM-1 
Calcite (47) 

Quartz (36) 

Illitic clay (8) 

Feldspar (9) 

KPM-3 
Quartz (57)  

Calcite (31) 

Illitic clay(4) 

 Feldspar (8) 

YC-1 
Calcite(42) 

Feldspar (27) Quartz (21) 
Illitic clay (10) 

3.4. Chemical compositions of mortars – XRF 

results 

Chemical characteristics of the mortars were defined by 

determining oxide components of substances in mortars via 

XRF method. Since mineralogical evaluation of the mortar 

may not provide accurate results, the evaluation of powder 

samples prepared for XRF analysis would be necessary in 

conjunction with other methods such as SEM/EDS analysis 

(Table 6). According to the results of XRF test samples 

contain high proportions of CaO (% 29 – 49),  

SiO2 (% 17 – 44), Al2O3 (% 3 – 6) and lower proportions of 

Na2O (% 0.4 – 0.8), Fe2O3 (% 0.7 – 1.9),  

MgO (% 0.7 – 0.9), K2O (% 1.2 – 3.2). 

Similar to XRF analysis given in Table 6, SEM/EDS 

analysis of mortars shows that CaO, SiO2 and Al2O3 

minerals are dominant, besides small amount of silicates 

are found. 

Table 6. Results of XRF tests 

Sample 
SiO2, 

% 

Al2O3, 

% 

Fe2O3, 

% 

MgO, 

% 

CaO, 

% 

Na2O, 

% 

K2O, 

% 

KH-1 44.6 5.4 1.8 0.7 29.1 0.8 3.1 

KH-2 17.6 2.6 0.7 0.7 49.8 0.4 1.3 

KH-3 38.0 5.2 0.6 0.7 35.2 0.7 2.8 

KPM-1 16.8 2.5 0.9 0.8 49.6 0.3 1.2 

KPM-3 24.5 3.8 0.6 0.6 44.5 0.4 1.9 

YC-1 32.1 5.1 1.4 0.9 39.5 0.7 2.9 

3.5. Hydraulic properties of mortars  

Percent mass loss of mortars as a function of 

temperature change at certain temperature intervals have 

been determined by using TGA/DTA analysis. Samples 

have been heated up to 1050 °C and endothermic reactions 

have been evaluated (Fig. 10). Average CO2/ H2O ratios of 

the mortar samples from Kızılhan, Karapasa and Yelli 

Mosque are 4.58, 6.12, 5.08 respectively (Table 7). 

 
Temperature, °C 

Fig. 10. KPM-1 mortar sample TGA/DTA graph 

Table 7. Results of hydraulic properties of mortars 

Sample 

TGA/DTA 

Loss of 

hygroscopic 

water, % 

Loss of 

structurally 

bond water 

H2O, % 

Loss of  

CO2, 

% 

Hydraulic 

property 

CO2/H2O 

KH-1 0.70 4.19 18.90 4.51 

KH-2 0.80 4.30 20.01 4.65 

KH-3 0.85 4.20 19.20 4.57 

KPM-1 1.05 4.23 26.70 6.31 

KPM-2 1.10 4.40 26.50 6.04 

KPM-3 1.00 4.30 25.90 6.02 

YC-1 0.85 4.10 19.53 4.81 

YC-2 0.90 4.04 19.09 5.16 

KH-1 

KPM-1 

YC-1 
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4. CONCLUSIONS 

In restoration of historical buildings, lime mortars used 

as original materials in such structures should be defined 

by physical, mechanical and chemical analyses in macro 

and micro levels. 

In this study, the material properties of lime mortar 

used in historical stone structures (14th century) in the 

ancient city of Becin, located in southwest Turkey and 

hosted many civilizations (Byzantine, Ottoman and 

Menteshe Emirate), were investigated and it has been 

shown that they have normal density, porosity and 

compressive strength. 

Lime mortar samples of current study were examined 

with XRD analysis and have been shown that they consist 

of calcite, quartz, feldispar and small amount of clay 

minerals. 

Microstructural properties of lime and aggregates used 

in mortars have been determined with Scanning Electron 

Microscope with EDS unit. In order to determine hydraulic 

characteristics of lime, chemical compositions of the lime 

have been calculated by using hydraulicity and 

cementation index. Results show that the lime used in 

mortars have hydraulic properties. SEM analysis reveals 

good bonding between binder and aggregate. 

In addition, in order to determine hydraulic properties 

of mortars thermographic analysis (TGA/DTA) have been 

used. All the examined lime mortar samples are shown to 

be in hydraulic properties.  

As a result of the study, it is determined that all mortar 

samples have hydraulic properties that is a result of 

hydraulic properties of binder lime. 

The data obtained from this study would be able to 

shed light on protection, repairing and strengthening of the 

historical buildings before the restoration in the later 

stages. In other words, these results will be a guide to 

researchers in the selection of original materials intended 

for use in historical structures.  
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