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Abstract
The aim of the present study is to produce novel developed composite materials 
which provide thermal insulation by using waste and natural materials in construc-
tion applications. Composite construction samples were prepared using an expanded 
perlite aggregate of 15 % wt., 30 % wt., and 45 % wt., which had the grain sizes 
of 0–3 mm, 3–5 mm and 5–8 mm, as well as waste marble dust of 5 % and 15 % 
filtrated from a 300 µm sieve, combined with molten tragacanth of 0 %, 0.5 % and 
1 %, and CEMI 42.5 N-type portland cement. The microstructure of the composite 
samples was examined by the SEM analysis. Density, thermal conductivity, com-
pressive strength, abrasion loss, water absorption, compressive strength after high 
temperature, and compressive strength after freeze–thaw tests were performed on 
these composite samples. It was found that the density values of composite materi-
als decreased from 1.983 g·cm−3 to 0.933 g·cm−3. It was observed that their poros-
ity ratios up to 43 % were improved by increasing the amount of waste marble 
dust, expanded perlite and molten tragacanth, additionally, while their compressive 
strengths decreased. Thermal conductivity of the porous samples decreased from 
0.468 W·m−1·K−1 to 0.167 W·m−1·K−1 by raising their porosity, which corresponds 
to a reduction of 36%. It was observed that as the rates and sizes of the materials 
used in the samples, their thermal conductivity, compressive strength and density 
values decreased, and the abrasion loss and water absorption increased.
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ep	� Expanded perlite
Md	� Marble dust
t	� Tragacanth
w	� Wet
WA	� Water absorption (%)
ρ	� Density (g·cm−3)
Φ	� Porosity (%)
1	� Startup
2	� Finish

1  Introduction

The amount of consumption of energy resources required for heating buildings has 
gradually increased in a wasteful way, due to the number of buildings increasing in 
parallel with the population growth worldwide, and this negatively affects the eco-
system of our planet in terms of environmental pollution [1]. Regarding shelter and 
heating, which are basic needs of human beings, the construction of buildings which 
are resistant to earthquakes and consume less energy, comes into prominence.

For earthquake-resistant buildings, low density, namely lightweight concretes 
must be used [2]. The usage and investigation of lightweight concretes are increas-
ing day by day due to their low density, low thermal conductivity value, and archi-
tectural flexibility properties. Lightweight concretes with superior properties, such 
as thermal and sound insulation, have significant advantages compared to normal 
concretes due to energy savings and comfort. These studies have mainly focused on 
the addition of different aggregates into the cement [3]. One of the materials used 
as an aggregate in production of lightweight concrete is expanded perlite. Thermal 
conductivity of expanded perlite is 0.040–0.06 W·m−1·K−1 [4]. Through expanded 
perlite, it is important to keep the internal temperatures of indoor spaces in the struc-
tures at the desired level, to save energy using expanded perlite in the heating and 
cooling processes of external climatic conditions, to solve environmental problems, 
to reduce air pollution, and most importantly, to take thermal insulation measures 
[5]. Due to its high thermal, sound insulation qualities and low-cost properties, the 
market share of expanded perlite in the construction sector in Turkey has quadrupled 
in the last decade [6]. As a result of using the blocks of expanded perlite in struc-
tures, 35 % to 45 % heat saving is achieved compared to conventional construction 
materials. The thermal insulation property of the expanded perlite block is closely 
related to the block geometry, which is a function of the expanded perlite aggregate 
forming the block and the properties of the mixture [7]. The strength of lightweight 
concrete with expanded perlite can be increased somewhat by taking some measures 
during its production [8]. International studies have been conducted on many natural 
aggregates (such as diatomite, pumice, slag, shavings, palm oil shells and bottom 
ash) or artificial aggregates (such as expanded clay, slag, slate, perlite and vermicu-
lite) for the production of mortar or concrete [9–15]. Finding new and improved 
ways to build structures with natural volcanic materials (such as perlite and ash) is 
becoming increasingly common, and their use as construction materials can lead to 
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low-cost structures. It is important to evaluate marble waste, having technological 
and economic values, together with expanded perlite in the production of compos-
ite construction elements in terms of adaptation to the environment and recycling 
strategies. Dust wastes obtained as production waste in marble plants cannot be 
generally utilized, and their storage or disposal to a natural environment can cause 
environmental pollution and problems, such as the pollutions of natural resources 
[16]. In the studies conducted on the assessment of the materials discarded to waste 
sites in marble processing plants, the dust wastes were reduced to different size frac-
tions, except for their use as construction material, they are used in many fields [17]. 
Soykan and Özel [18] investigated the use of marble waste as an aggregate in poly-
mer concrete technology. Aruntaş et al. [19] investigated the physical, chemical and 
mechanical properties of the samples, obtained by mixing waste marble dust doped 
with Portland cement in various dosages, at different curing times. Türker et al. [20] 
examined the effects of waste marble dusts on the hydration levels and microstruc-
ture of cement. Şengül et al. [21] replaced expanded perlite with a natural aggregate 
in lightweight concrete mixtures and investigated the effect of their thermal insu-
lation properties. Demirboğa and Gül [22] examined the compressive strength and 
thermal conductivity of concretes containing mineral-doped expanded perlite aggre-
gate. Öztürk [23] aimed to produce a thermal-insulated lightweight concrete using 
lightweight aggregate (pumice, perlite, EPS) in the concrete and determined the 
7–28-day mechanical and physical properties of the produced lightweight concrete. 
Demirboğa and Gül [24] investigated the effects of expanded perlite aggregate, sil-
ica fume, and fly ash on the thermal conductivity of lightweight concrete.

Tragacanth used in the study is a kind of viscous, odorless, tasteless, and water-
soluble gum obtained by drying resin, naturally exuding or exuded from the trunk 
of a thorn named as Astragalus from Leguminosae family, under natural conditions. 
The gum exudes from the plant as bended strips or cut flakes. It absorbs water to 
be a gel that can become a paste [25]. Since the thermal conductivity of the molten 
tragacanth is 0.155 W·m−1·K−1 [26], its use in composite mixtures reduces its ther-
mal conductivity further. Differently from the literature, this study aimed to produce 
a new construction material using the molten tragacanth, which is a natural resin, 
together with waste marble dust and expanded perlite aggregate and to investigate its 
thermal and strength properties.

2 � Materials and Methods

2.1 � Materials

To prepare the samples, the crude perlite was supplied from the perlite deposits 
in İzmir Bergama Region and it was broken and expanded at 800 °C in a furnace. 
As seen in Fig. 1, the samples were divided in three groups based on 0–3 mm, 
3–5 mm, and 5–8 mm grain sizes. The waste marble dust was used by drying the 
slurry wastes, coming out during the production of marbles produced by Dimer 
Diyarbakır Mermer ve Maden İşletmesi San. ve Tic. A.Ş., in the oven and mill-
ing them in a 300 µm sieve. Gum tragacanth was powderized with the help of an 
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electric motor grinder. 100 g of powdered tragacanth was weighed using a Tem 
NS 6200 device with a sensitivity of 0.1 g and put in a 5 L water container, then 
2 L of water was added and mixed thoroughly. The mixing process was continued 
at certain intervals for 1 day. After the tragacanth was thoroughly disintegrated 
and swelled, 1 L of water was added into the mixture at 1–2 h intervals, and the 
mixing process continued. After tragacanth–water mixture became 5 L, the mix-
ture was filtrated 2 times and transferred to another vessel. The aim of the filter-
ing process is to clean the non-melting particles, such as sand or herbal residue, 
in the tragacanth and to transform the melt into a homogeneous mixture [26]. It 
was determined that 100 gr tragacanth homogeneously dissolved in 5 L of water. 
Once the powdered tragacanth became a homogeneous melt together with water, 
it was involved as a fluid mixture in the study.

Expanded perlite aggregate of 15 wt%, 30 wt%, and 45 wt%, which had the 
grain sizes of 0–3 mm, 3–5 mm and 5–8 mm, as well as waste marble dust of 5 
% and 15 % filtrated from a 300 µm sieve, molten tragacanth of 0 %, 0.5 % and 1 
%, and cement were used to prepare the samples. While forming the mixture, first 
the necessary rate of expanded perlite and waste marble dust was weighed using 
a precision balance and then transferred to the mixture bucket. The same process 
was also performed for the cement and the necessary rate of cement was added 
into the vessel for that series of samples. The three materials were mixed by using 
a trowel. Finally, a mixture of molten tragacanth at the calculated rate was added 
to the mixture. The mixtures were stirred for approximately 3 min. The mixtures 
were put in 20 mm × 60  mm × 150 mm plywood molds to determine their ther-
mal conductivity and water absorption values. On the other hand, some of the 
mixture was put in 100 mm × 100 mm  × 100 mm molds to determine the com-
pressive strength, abrasion loss, compressive strength after high temperature and 
compressive strength after a freeze–thaw process.

The samples were kept in the mold for 24 h and then taken out and allowed 
to set for 28  days at room temperature. They were placed into the oven set to 
105 ± 5 °C, and they were dried until the weight was found to be constant. Fig-
ure  2 shows the experimental flowchart for production process of construction 

0-3 mm

3-5 mm

5-8 mm

Fig. 1   Expanded perlite aggregates sized as 0–3 mm, 3–5 mm, 5–8 mm
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materials. Figure 3 shows the gum form of the tragacanth used in the tests and its 
appearance after being dissolving in water.

Table 1 shows the physical and chemical properties of the expanded perlite aggre-
gate used in experimentals. Table 2 shows the physical and chemical properties of 
the waste marble dust used in experimantals. Table 3 shows the chemical properties 
of the tragacanth used in experimentals.

2.2 � Thermal Conductivity Tests

We performed the thermal conductivity tests in the Bartın University, the Mechani-
cal Engineering Faculty Construction Department’s Laboratories (Bartın, Turkey). A 
Shotherm Quick Thermal Conductivity Meter (QTM) based on DIN 51046 hot wire 
method was used (ASTM C 1113-90) in measuring thermal conductivity [29]. The 

Milled 
tragacanthWater

Dissolved 
tragacanth

Expanded 
perlit

Waste marble 
dust

Mould Drying 
Composite samples 

characterization
Mixed

Cement

Water spraying

Fig. 2   Experimental flowchart for building materials process

Fig. 3   Laminated (a) and molten (b) appearance of the tragacanth
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major advantage of this method is to be able to measure the actual thermal conductivity 
without changing the humidity level of the material even if the material heterogeneous 
[26]. In the measurement method of the Shotherm QTM-D2 device, the probe is placed 
on the material to be measured. Measuring time is 100–120 s as the standard.

The measurement range of the device is 0.02–10 W·m−1·K−1. The device measures 
the thermal conductivity of the samples with an uncertainty of 5 % [30]. The Shotherm 
QTM-D2 device was calibrated by a polymer of 0.241 W·m−1·K−1 thermal conductiv-
ity, provided for this purpose by the manufacter. To determine thermal conductivity of 
the samples produced each sample was measured three times and once their arithmetic 
means were taken, their thermal conductivity was determined.

2.3 � Mechanical Tests

We performed the mechanical tests in the Dicle University, Engineering Fac-
ulty Mining Engineering Construction Department’s laboratories (Diyarbakır, 

Table 1   Chemical and physical properties of the expanded perlite [27]

Components Weight 
percentage 
(%)

SiO2 72.3
Al2O3 13.4
Na2O 3.15
K2O 4.81
CaO 0.83
Fe2O3 0.51
MgO 0.12
TiO2 0.09

Grain sizes (mm) Specific 
weight 
(kg m−3)

0–3 267
3–5 252
5–8 215

Table 2   Physical and chemical 
properties of marble dust [28] Specific weight (g·cm−3) 2.71

Specific surface (cm2 g−1) 4372
SiO2 (%) 0.94
Fe2O3 (%) 0.46
Al2O3 (%) 15.20
CaCO3 (%) 34.20
MgO (%) 0.65
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Turkey). The compressive strength, abrasion loss (AL), water absorption (WA), 
and density were evaluated for each sample using test procedures described in the 
TS 699 (2009) standard [31].

The compressive strength and abrasion loss tests were applied to the 100 
mm × 100 mm × 100 mm samples. The compressive strength tests applied on the 
samples were performed using an Elle International brand device that has 3000 
kN loading capacity, a digital command panel, and an adjustable loading rate and 
can apply force at single axis. It was preferred to measure the weight reduction to 
find abrasion loss in the samples via friction and this process was performed via 
the “Bohme” device. The abrasion loss (AL) values were calculated using Eq. 1 
[26].

In the water absorption test, the test samples with the sizes of 20 mm  ×  60 
mm  ×  150 mm were placed into the oven adjusted to 105 ± 5  °C, and they were 
dried until the weight was found to be constant. In this way, the powders on the 
samples which weight was made constant were weighed at a sensitivity of 0.1 g after 
they were cleaned using a brush and the dry sample weights (Wd) were determined. 
These samples were placed in a vessel containing water at a depth corresponding to 
1/4 of the sample height at room temperature. Water was added into the vessel in 
such a way for 1/2 of the height of the sample to be under water 1 h later and for 3/4 
of its height to be under water 2 h later. 24 h after the tests, water was added into the 
vessel so that the samples were completely under the water [26].

After the samples were kept for 24 h, they were removed from the water, wiped 
with a piece of cloth, immediately weighed by a precision balance and their water-
absorbed weights were found (Ww). By taking the ratio of these two weights, the 
percentage of water absorption was calculated as “%” in the following Eq. 2.

The density measurement of the samples with the sizes of 20 mm × 60 mm × 150 
mm was performed using the Isomet 2104 heat transfer analyzer of Applied Preci-
sion Company. The device has been developed especially to determine the thermo-
physical properties of construction elements, natural stone and soil.

The SEM analysis was performed on 100 mm × 100 mm × 100 mm samples and 
the tests of compressive strength after high temperature and compressive strength 
after freeze–thaw were applied. We performed the SEM analysis by the JEOL JSM 
7001F scanning microscope within the body of the FUEM laboratory of Fırat Uni-
versity (Elazığ, Turkey). In this process, an electron current of 0.25 mm diameter 
was transferred on the sample with the help of magnetic lenses (electron guns). The 
samples were moved in horizontal and vertical axes and the desired structures or 
phases were examined in detail. The desired point of the sample examined could be 
analyzed [32]. During the SEM analysis conducted to examine the internal structure 
of the samples, a detailed topographical study was performed on the surfaces of the 

(1)%AL =
Firstmass − Lastmass

Firstmass
× 100

(2)WA% =
W

w
−W

d

W
d

× 100
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samples by applying 10–20 kV accelerated electron bombardment on the samples in 
an electron microscope.

The high-temperature application was realized by applying the temperatures of 
400 °C, 600 °C, and 800 °C to the samples in the Protherm HLF 150 laboratory type 
oven with the capacity of 1200 °C and the heating rate of 6 °C·min−1 for 1 h. The 
oven operating at target temperatures for 1 h automatically turned off and the sam-
ples were left to cool until room temperature with approximately 2 °C·min−1 cooling 
rate in the oven. Compressive strength was applied to all the samples after a high 
temperature test.

The freeze–thaw test was performed by freezing the samples at − 20 ± 2  °C in 
accordance with ASTM C 666-92 and thawing them in 20 ± 2 °C of water at room 
temperature [33]. The samples prepared were made waterlogged and placed in the 
freezer. After they were kept in the freezer at − 20 °C, they were left to dissolve 
at + 20 °C. The freeze–thaw process was accepted as 1 cycle and 30 cycles were 
applied to all samples. After this freeze–thaw process was repeated, the samples 
were dried in the oven until they reached to a constant mass at 110 ± 5 °C and then 
they were cooled until room temperature and they were subject to the compressive 
strength test.

3 � Results and Discussion

Density is one of the important parameters that can control the amount of construc-
tion materials and many physical properties in the production of lightweight con-
cretes. It was observed that the porosity increased and accordingly the thermal con-
ductivity decreased due to the decreased density. Table 4 shows the measurement 
results of density, porosity, thermal conductivity, compressive strength, abrasion 
loss, and water absorption ratio.

In the samples in which the expanded perlite grain size, expanded perlite 
ratio, and molten tragacanth ratio were the same but the rate of waste marble dust 
increased; the thermal conductivity and the compressive strength decreased since 
the waste marble dust could not fill the gaps in the sample and the amount of cement 
decreased [19]. The high pore amount of the sample and the low thermal conduc-
tivity of the gasses in the pore led to low thermal conductivity of the samples pro-
duced. However, when composite samples were exposed to a humid environment, 
the gasses in the pores are replaced with water or water vapor; therefore, the thermal 
conductivity of the composite increases depending on the rate of water with a ther-
mal conductivity approximately 20 times greater [24]. Such changes may vary based 
on the density change of the sample. Figure 4 shows the change in the thermal con-
ductivity depending on the mixture rates of the samples. Table 4 shows the density, 
thermal conductivity, compressive strength, abrasion loss rate, and the water absorp-
tion rate of the composite samples. All samples were according to the ratio of traga-
canth, the particle diameters of expanded perlite and waste marble dust were coded 
with numbers. These codes are explained in Table 4.

In the above plots, the amount of molten tragacanth and waste marble dust in 
expanded perlite samples having the same sizes and rates decreased with the thermal 
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conductivity. One of the most important reasons for this was that the molten traga-
canth had a low thermal conductivity, sticks to the entire surface and transfers its 
effect to other materials and the waste marble dust led to a crystalized structure in 
the sample [18]. As this crystalized structure did not exhibit adhesion in the sample, 
it created pore and reduced thermal conductivity. Another reason was that the liquid 
tragacanth carried its air-filled pores into the mixture at the end of the drying and 
formed artificial pores.

In the present study, the lowest thermal conductivity (0.167 W·m−1·K−1) 
belonged to the sample no. Z322 containing the expanded perlite with the grain size 
of 5–8 mm at 45 wt%, waste marble dust at 15 wt%, and the molten tragacanth at 1 
wt%. The highest thermal conductivity of 0.468 W·m−1·K−1 belonged to the sample 
no. X120 containing the expanded perlite with the grain size of 0–3 mm at 15 wt%, 
waste marble dust at 5 wt%, and without molten tragacanth. At the end of measure-
ment, the thermal conductivity of the waste marble dust was 0.690 W·m−1·K−1, the 
thermal conductivity of the molten tragacanth was 0.155 W·m−1·K−1, and the ther-
mal conductivity of the cement was 0.450 W·m−1·K−1. It was observed that the ther-
mal conductivity of the waste marble dust and cement were high and their strength 
values varied according to their mixture rates.

When examining the compressive strength of the samples in Table  4, it was 
observed that compressive strength of the samples with the grain size of 0–3 mm 
varied in the range of 18.23 and 33.25 MPa. Compressive strength of those with the 
grain size of 3–5 mm varied in the range of 16.77 and 31.08 MPa, and compressive 
strength of the samples with the grain size of 5–8 mm varied in the range of 14.14 
and 28.30 MPa.

Figure 5 shows the effects of sizes and rates of the materials in the sample for 
each of three types on compressive strength. Depending on the increase of the 
molten tragacanth used in the sample, compressive strength decreased. Additionally, 
it was observed that the waste marble dust increased the pore ratio in the sample and 
decreased the strength values. Another reason was that the compressive strength of 
the samples decreased with the increase of the grain size of the expanded perlite.

The results in Table 4 show that the samples containing expanded perlite with 
large grain size and higher ratios of waste marble dust and molten tragacanth among 
the mixtures used in the tests were not abrasion resistant. It was observed that the 
abrasion resistance decreased with the increase in the ratio of waste marble dust. 

Fig. 4   The change in thermal conductivity depending on the ratios of expanded perlite, waste marble 
dust and molten tragacanth
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Figure 6 shows the effect of expanded perlite, waste marble dust, and molten tra-
gacanth on friction and abrasion loss. It was determined that the samples with 
expanded perlite grain sizes of 0–3 mm, 3–5 mm, and 5–8 mm as well as the sam-
ples with a molten tragacanth rate of 1 %, expanded perlite rate of 45 % and waste 
marble dust rate of 15 % were not abrasion resistant.

The abrasion loss rate of the samples produced with expanded perlite aggre-
gates with the grain size of 0–3 mm varied between 0.68 and 1.59. The abrasion 
loss of the samples produced with expanded perlite aggregates with the grain size of 
3–5 mm varied between 0.78 and 1.72. The abrasion loss of the samples produced 
with expanded perlite aggregates with the grain size of 5–8 mm varied between 0.92 
and 2.05. As seen from the results of water absorption tests in Table 4, it was deter-
mined that the water absorption rate of some of the samples was higher than 30 %, 
which is the critical value in the literature. The samples had a hollow structure, and 
the porosity ratio varied within the whole structure based on the grain size of the 
expanded perlite, the rate of expanded perlite and the rate of the waste marble dust. 
This increased the water absorption capacity and the water absorption values of the 
samples by allowing them to retain water in these gaps when the samples were con-
tacted with water. Figure 7 shows water absorption ratio of the samples.

As seen from Fig. 7, the water absorption rate of the samples with the grain size 
of 0–3 mm varied between 19.56 % and 33.11 %, the water absorption rate of the 
samples with the grain size of 3–5 mm varied between 21.20 % and 34.16 %, and 

Fig. 5   The change in the compressive strength depending on the ratios of expanded perlite, waste marble 
dust and molten tragacanth

Fig. 6   The change in the abrasion loss depending on the ratios of expanded perlite, waste marble dust, 
and molten tragacanth
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water absorption rate of the samples with the grain size of 5–8 mm varied between 
21.51 % and 34.56 %. SEM (Scanning Electron Microscope) analyses was carried 
out to examine the internal structures of the samples obtained within the scope of 
the present study. During the SEM analysis, a detailed topographical study was 
performed about the surface of the sample no. Z322 in the electron microscope by 
applying 10–20 kV accelerated electron bombardment.

It was observed that the porosity in the sample increased due to the density rate of 
molten tragacanth in the spectrum curve of the elements in sample no. Z322 in Fig. 8 
and in the SEM images of the sample no. Z322 in Fig. 9. Adhesion was achieved in 
the sample with the dense melt tragacanth, resulting in increased gaps due to perlite 
and waste marble dust. This caused a decrease in the strength properties of the sam-
ples and improvements in their thermal conductivity properties.

The experimental results indicated that compressive strength could be preserved 
at the temperatures varying between 20 °C and 400 °C. Significant losses in com-
pressive strength occur between 400  °C and 600  °C. Most of the compressive 
strength is lost between 600  °C and 800  °C [34–36]. The plots in Fig.  10 shows 
that the strength decreased due to the effect of high temperature. While the high-
est compressive strength value belonged to the X110 series without tragacanth, 5 
% waste marble dust, and 15 % expanded perlite with the grain size of 0–3 mm at 
400 °C, the lowest compressive strength value belonged to the Z322 series contain-
ing 45 % expanded perlite with the grain size of 5–8 mm at 800 °C, 1 % tragacanth, 
and 15 % waste marble dust. Considerable decreases were observed such as 25.95 

Fig. 7   The change in the water absorption ratio, depending on the ratios of expanded perlite, waste mar-
ble dust, and molten tragacanth

Fig. 8   Pore and cracks formed by the molten tragacanth in the sample and spectrum curve of the ele-
ments within the sample
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% in compressive strength values of the samples after 400 °C compared to the con-
trol samples, 44.20 % in compressive strength values of the samples after 600 °C 
compared to the control samples, and 67.20 % in compressive strength values of the 
samples after 800 °C compared to the control samples.

Figure 11 shows the plot showing the change in the compressive strength of the 
samples after a freeze–thaw process. The plots show that the values of compres-
sive strength after a freeze–thaw process decreased since the other materials in the 
sample and waste marble dust were not sufficiently adhered to each other as a result 
of the increase of waste marble dust. The decrease of the gaps in the structure of 
the sample also increased the compressive strength after a freeze–thaw process. The 
increases in the grain size of the expanded perlite, the rate of the expanded perlite, 
the molten tragacanth rate and the rate of the waste marble dust decreased the com-
pressive strength of the samples. The compressive strengths after the freeze–thaw 
process in the samples decreased by 5.06 % and 11.84 % compared to the control 
samples.

4 � Conclusions

In the study, density, thermal conductivity, water absorption, compressive strength, 
abrasion loss, compressive strength after high temperature, and compressive strength 
after freeze–thaw experiments were performed, respectively, on the composite sam-
ples prepared and the following results were obtained.

•	 The molten tragacanth being used as a liquid mixture instead of distilled water 
decreased its thermal conductivity by providing adherence within the composite 
sample and forming extra artificial pores.

•	 The increase of sizes and rates of the materials in the samples increased the 
pore ratio and insulation properties and led to lower thermal conductivity. With 
increasing pore ratio, densities of the materials decreased. This indicated that 
there was a direct proportion between density and thermal conductivity.

Fig. 9   Distribution of the molten tragacanth in the sample
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Fig. 10   The change in the compressive strength of the samples after high temperature

Fig. 11   The change in the compressive strength of the samples after freezing and thawing
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•	 The lowest thermal conductivity among the composite samples prepared was 
0.167 W·m−1·K−1 and obtained from the sample no. Z322.

•	 The pore ratios in the sample varied depending on the rate of waste marble 
dust. Since waste marble dust did not provide adherence in the sample, thermal 
conductivity and compressive strength decreased and abrasion loss and water 
absorption rates increased with increasing the rate of waste marble dust.

•	 Tragacanth provided adhesion within the samples and increased the WA (water 
absorption) ratios by creating an extra artificial pore. The reason for the increase 
in water absorption rate was that water got easily diffused through capillary 
channels in the pores.

•	 Major compressive strength losses occurred between 400 °C and 600 °C in high 
temperature tests and after the freeze–thaw process.

•	 The highest AL (abrasion loss) rate was observed in the samples with high waste 
marble dust and molten tragacanth rates.

Consequently, when it is desired to save energy by thermal insulation in the con-
structions, it is possible to prefer the sample no. Z322, having lowest thermal con-
ductivity in the study. Since strength of the sample no. Z322 is low, it can be used as 
an intermediate filling material on the sandwich walls or as a roof insulation mate-
rial in the structures, as well as building applications such as panels, cladding walls, 
composite floor systems, internal partitions, and insulating plaster on the interior 
walls. For the production of lightweight construction materials, expanded perlite, 
waste marble dust and molten tragacanth can be used as alternative raw material 
resources. It should be noted that this type of lightweight concrete produced is 
weaker under load compared to normal concrete. They should not be used at the 
places directly exposed to water. Covering the surface of the samples with water-
proofing materials may prevent the capillary absorption of water and lead to addi-
tional costs.
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