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In this study, the strength characteristics of the expanded perlite aggregate, 

waste marble dust and tragacanth added cement based composite material 

were investigated. A composite construction material was prepared using 

expanded perlite aggregate with a particle size of 0-2 mm and 2-4 mm  at the 

ratio of 10%, 30% and 50% by weight, waste marble powder produced by 

sieving through 0.25 mm sieve at the ratio of 10% and 20%, tragacanth at the 

ratio of 0%, 0.5% and %1 and CEMI 42.5 N type Portland cement. Density, 

compressive strength, abrasion loss, water absorption tests were performed 

on these prepared composite samples. It was seen that compressive strength 

and density values have decreased and abrasion loss and water absorption 

values have increased as expanded perlite particle size, expanded perlite 

ratio, tragacanth ratio have increased and waste marble powder ratio has 

decreased on the prepared samples. 
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1. Introduction 

It is clear that increasing population density, resource consumption and environmental pollution 

across the world negatively affect the ecology of our planet. The construction sector is responsible for 

50% of the material resources in nature, 40% of energy consumption and 50% of total waste. This will 

further increase due to the increasing number of buildings in parallel with the increase in world 

population and will cause irrecoverable damage to the ecosystem [1]. Low-density, in other words, 

lightweight concretes should be used for earthquake resistant buildings. [2]. The density of lightweight 

concretes produced by adding low density aggregates to it is between 0.8 g/cm3 and 2 g/cm3. The use 

and investigation of lightweight concretes are increasing with each passing day due their low density, 
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low thermal conductivity coefficient value and architectural flexibility characteristics. Lightweight 

concretes with superior properties such as heat and sound insulation have significant advantages over 

normal concretes due to energy saving and comfort they provide. These studies have mainly focused on 

the addition of different aggregates into the cement [3]. One of the materials used as an aggregate in the 

production of lightweight concrete is the expanded perlite. The thermal conductivity coefficient of 

expanded perlite is given as 0.40-0.45 W/mK. It is important to keep the internal temperatures of indoor 

spaces at the desired level, to save energy in heating cooling operations against external climatic 

conditions, to solve environmental problems, to reduce air pollution, and most importantly, to take heat 

insulation measures in the structures with expanded perlite. [4]. Due to its high heat and sound insulation 

and economy, the market share of expanded perlite in our country's construction sector has increased 

by 4 times in the last 10 years [5-7]. For mortar or concrete production, great numbers of worldwide 

studies have been carried out on natural (such as diatomite, pumice, slag, sawdust, palm oil shells and 

lower ash) or artificial (such as expanded clay, gravel, slate, perlite and vermiculite) aggregates. [8–14]. 

Tragacanth has an adhesion property and is used as a binding material when it is mixed with cement 

and waste marble powder. The utilization of marble wastes, which have technological and economic 

value, along with expanded perlite is an important raw material in the production of composite 

constructional components in terms of the compliance of our country with the environment and 

recycling strategies. An increase is observed in the number of marble processing plants in our country 

in order to meet the increasing demand for marble. As a natural consequence of this, it is seen that the 

marble waste sites, which form a negative reaction in the public eye due to environmentalism and since 

it destroys natural beauty, has become widespread in the regions where the marble processing plants 

have become intense [15-17]. Powder wastes that arise from marble factories as production wastes 

cannot be evaluated in general, and their storage or disposal into the natural environment may lead to 

environmental pollution and the problems such as the pollution of natural resources. Waste marble 

powders, which can be used in various industrial branches, can be a much cheaper input when they are 

used instead of their alternatives.  Powder wastes reduced to different size fractions are used in many 

areas apart from their use as a construction material in the literature studies on the utilization of materials 

thrown to waste sites in marble processing plants [18]. Soykan and Özel [19] investigated the use of 

marble waste as an aggregate in polymer concrete technology. Gündüz et al. [20] mixed various waste 

marble powders with doped Portland cement at various dosages and investigated the techno-mechanical 

properties of the obtained samples at different curing times. Türker et al. [21] examined the effects of 

waste marble powders on hydration and microstructure of cement. In their experimental study, Şengül 

et al. [22] replaced expanded perlite with natural aggregate in lightweight concrete mixtures and 

investigated its effect on heat insulation property. Since the tragacanth used in the experiments was a 

natural and local resin, its effects in the samples desired to be produced at different ratios and the thermal 

and mechanical behavior with different proportions of expanded perlite aggregate were examined, and 

its effect on the strength of the samples was investigated with waste marble powder substitution.  

2. Material and method 

For the preparation of samples, raw perlite was obtained from perlite deposits in Izmir Bergama 

region, and it was made usable by crushing in the business and expanding at 800°C in the factory 

furnaces and sieving at the desired ratios. The samples were divided into two groups in 0-2 and 2-4, mm 

grain size, as it is seen Figure 1. As a waste marble powder additive, the aqueous wastes obtained during 
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the production of marble types produced by Diyarbakır Beden Mermer ve Maden İşletmesi San. ve Tic. 

A.Ş. were used by drying and grinding them. CEM I 42.5 N Portland cement produced in Diyarbakır 

Ölmezler Concrete Plant was used as the cement. Diyarbakır's city water supply was used as the mixing 

water in accordance with the standards specified in TS EN 1008. In the study, the leaf tragacanth was 

powderized with an electric motor grinder for a better and faster melting. In the preliminary studies 

carried out, it was determined that 100 g tragacanth was fully soluble in approximately 5 liters of water. 

100 g powdered tragacanth, which was weighed with precision scales, was placed in a 5 liter water 

container and 2 liters of water was added to the beaker and mixed thoroughly. The mixing process was 

maintained at certain intervals for 1 day. After the tragacanth was thoroughly cracked and swelled, 1 

liter of water was added to the mixture at intervals of 1-2 hours with beaker and it was continued to mixe 

it. After the completion of 5 liters of water, the tragacanth mix was filtered 2 times and transferred to 

another container [23]. The samples produced were evaluated as a new building material and their usage 

areas were determined according to the test results. The expanded perlite aggregates which were divided 

into three groups of with a particle size of 0-2 mm, 2-4 mm at the ratio of 10%, 30% and 50% by weight, 

waste marble powders produced by sieving through 0.25 mm sieve at the ratio of 10% and 20%, and 

0%, 0.5% and 1% tragacanth and cements were added into the mixtures for the preparation of samples 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Expanded Perlite Aggregates Sized as 0-2 and 2-4 mm 

 

 

 

 

 

  
 

Figure 2. Samples Cast into Playwood Molds 
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Figure 3. Samples Prepared for Compressive Strength, Abrasion Loss, High Temperature and 

Freezing-Thawing Compressive Strength Tests 

 

The waste marble powder sieved through 0.25 mm sieve that was used in the experiments is 
presented in Figure 4. The leaf form of tragacanth used in the experiments and its appearance after it 

was melt in water and filtered is seen in Figure 5 

 
 

 
 

          

Figure 4. Waste Marble Powder Sieved Through 0.25 mm Sieve 

 

                                        
(a)     (b) 

 

Figure 5. Leaf Form of Tragacanth (a) Its Appearance After it (b) was Filtered 
 

 
 
 

2.1. Mechanical Tests 

The compressive strength and abrasion loss tests were applied to the samples obtained from cube 

shaped playwood molds with dimensions of 100x100x100 mm. Ele International brand device, used for 

compressive strength tests applied to samples, is equipped with a capacity of 3000 kN, with a digital 

control panel, with adjustable loading speed and a single-axis force. In the determination of the abrasion 

loss by friction in the samples, the measurement of weight reduction was preferred and it was done with 

the Böhme instrument. Abrasion loss (AL) values were calculated using formula (1).[23-25] 

  

                                                       % AL= 100x
Firstmass

LastmassFirstmass
                           (1)                                                                                                    
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While water absorption test was performed, 20x60x150 mm test samples were first placed in 

drying oven set at (105±5)°C temperature and dried until constant weight was achieved. The powders 

on the samples, which were provided to be in constant weight in this way, were cleaned with a brush 

and then weighed at a precision of 0.1 g, and then dry sample weights (Wd) were determined. Thus, the 

dried samples were placed in a container with water at a depth of ¼ of the sample height and at room 

temperature. Water was added to the container so that samples would be in water by half an hour later 

and ¾ water at the end of the second hour. Water was added 24 hours after the beginning of the 

experiments so that the samples were completely in water.[26-28].  In this case, the samples, which were 

removed from the water after 24 hours, were wiped with a piece of wetted cloth, weighed at a precision 

of 0.1 g, and water-soaked weights were found (Ww). By taking the ratio of these two weights, the 

percentage of water absorption ws calculated by formula (2) in % with the following expression.  

 

                WA %= 100x
W

WW

d

dw                                  (2)        

The density measurement of 20x60x150 mm samples was made with Isomet 2104 heat transfer 

analyzer of Applied Precision Company. The device has been developed especially for the determination 

of the thermophysical properties of constructional components, natural stone and soil. The device works 

according to the hot wire method. 

3. Result and discussion 

Density is one of the important parameters that can control the amount of construction materials 

and many physical properties in the production of lightweight concrete. It was determined that density 

values decreased from 1.889 to 0.939 depending on the ratio of expanded perlite aggregates in the 

samples produced, the expanded perlite particle size and tragacanth ratio, and the waste marble powder 

ratio. The results of density, porosity, compressive strength, abrasion loss, and water absorption rate 

measurements are presented in Table 1. The pressure values decreased in the samples in which the 

expanded perlite particle size, the expanded perlite ratio and tragacanth ratio were same but the waste 

marble powder ratio increased. This is due to the fact that the waste marble powder filled the porosities 

in the sample and that the amount of cement decreased. The excess of these porosities makes it possible 

to produce samples with lower density. However, this causes the gases in porosities to be replaced by 

water or water vapor in humid environments. The increase in expanded perlite particle size, expanded 

perlite ratio and tragacanth ratio and the decrease in waste marble powder ratio increased the amount of 

porosity.  

Lower porous samples will be produced depending on the decrease in expanded perlite particle 

size and expanded perlite ratio as the waste marble powder and cement ratio used in the sample increase. 

The compressive strengths, abrasion loss ratios and water absorption rates of the samples with expanded 

perlite with 0-2 and 2-4 mm particle sizes, waste marble powder and tragacanth-cement binder are 

presented in Table 1. When Table 1 is examined, it is seen that the compressive strength of the samples 

with 0-2 mm particle size varies between 17.36 - 31.67 MPa and that the compressive strength of the 

samples with 2-4 mm particle size varies between 15.97 - 29.60 MPa. 

 

The sample encodings in Table 1 are as the following. 
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Number One expanded perlite diameter 

X: (0–2) mm. 

Y: (2–4) mm. 

Z: Cement 

 

Number three waste marble % mixture ratio 

1: 10%  

2: 20%  

 

Number two expanded perlite % mixture ratio 

1: 10% expanded perlite (≅80% cement ratio) 

3: 30% expanded perlite (≅60% cement ratio) 

5: 50% expanded perlite (≅40% cement ratio) 

 

Number four tragacanth % mixture ratio 

0: 0.0%  

1: 0.5%  

2: 1% 

 

 

Table 1. Mechanical Test Results Of The Composite Samples Produced 
Sample code Density (g/cm3) Porosity 

(%) 

Comprensive 

strength (MPa) 

Abrasion 

loss (%) 

Water 

absorption  

(%) 

 

Samples with 0 % tragacanth ratio 

X110 1.789 0.305 31.67 0.65 19.57  

X310 1.567 0.321 27.82 0.82 19.85  

X510 1.517 0.352 25.05 1.01 21.26  

X120 1.889 0.251 28.94 0.75 18.63  

X320 1.678 0.271 26.01 0.92 19.76  

X520 1.583 0.293 24.41 1.11 20.17  

Y110 1.611 0.414 29.60 0.74 20.48  

Y310 1.489 0.442 25.92 0.94 21.25  

Y510 1.439 0.465 24.10 1.15 22.26  

Y120 1.661 0.339 27.90 0.81 20.19  

Y320 1.567 0.392 25.18 0.96 20.98  

Y520 1.517 0.408 23.02 1,24 21.43  

Samples with 0.5 % tragacanth ratio 

X111 1.639 0.311 26.75 0.87 24.17  

X311 1.539 0.329 22.90 1.04 24.45  

X511 1.394 0.368 20.13 1.23 25.86  

X121 1.694 0.259 24.02 0.97 23.23  

X321 1.556 0.283 21.09 1.14 24.36  

X521 1.456 0.299 19.49 1.33 24.77  

Y111 1.444 0.421 24.68 0.96 25.08  

Y311 1.406 0.450 21.00 1.16 25.85  

Y511 1.283 0.477 19.18 1.37 26.86  

Y121 1.550 0.348 22.98 1.03 24.79  

Y321 1.478 0.404 20.26 1.18 25.58  

Y521 1.378 0.415 18.10 1.46 26.03  

Samples with 1 % tragacanth ratio 

X112 1.500 0.317 23.62 1.05 29.84  

X312 1.400 0.338 20.77 1.22 30.12  

X512 1.256 0.379 18.00 1.41 31.53  

X122 1.556 0.263 21.89 1.15 28.90  

X322 1.417 0.294 18.96 1.32 30.03  

X522 1.317 0.303 17.36 1.51 30.44  

Y112 1.306 0.429 22.55 1.14 30.75  

Y312 1.267 0.461 18.87 1,34 31.52  

Y512 1.144 0.488 17.05 1.55 32.53  

Y122 1.411 0.353 20.85 1.21 30.46  

Y322 1.339 0.417 18.13 1.36 31.25  

Y522 1.239 0.423 15.97 1.64 31.70  
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Figure 6. Change in compressive strength depending on the expanded perlite, waste 

marble powder and tragacanth ratios 
              

When Figure 6 was examined, it was seen that the expanded perlite in the samples could not provide 

an adequate adhesion with the waste marble powder and decreased the compressive strength by increasing 

the waste marble powder ratio in the sample for all three types. Furthermore, compressive strength 

decreased depending on the increase in tragacanth ratio in the sample. This shows that the waste marble 

powder with low particle size increased the pore ratio in the sample and decreased the strength values and 

that the compressive strength of the samples decreased along with the increase in expanded perlite particle 

size. 

 

Figure 7. Abrasion Loss Change depending on the expanded perlite, waste marble powder and 

tragacanth ratios 
                                              

The results in Table 1 show that the samples with a large expanded perlite particle size and high 

waste marble powder ratio and tragacanth ratio are not resistant to abrasion. It is seen that the abrasion 

resistance decreased along with the increase in waste marble powder ratio. The abrasion loss with 

friction was compared in Figure 7, and the effect of expanded perlite, waste marble powder and 

tragacanth on abrasion loss with friction was investigated. It was determined that the samples with an 

expanded perlite particle size of 0-2 and 2-4 mm and the sample with tragacanth ratio of 1%, expanded 

perlite ratio of 50% and waste marble powder ratio of 20% had no resistance to abrasion. The abrasion 
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loss ratio of the samples produced with expanded perlite aggregates with a 0-2 mm particle size varied 

between 0.65 and 1.51. The abrasion loss of the samples produced with expanded perlite aggregates 

with a 2-4 mm particle size varied between 0.74 and 1.64. 4The abrasion loss of the samples produced 

with expanded perlite aggregates with a -8 mm particle size varied between 0.88 and 1.95. The water 

absorption ratios of some of the produced samples were determined to be above 30% of the critical 

value. The samples produced have a porous structure, and the porosity ratio varies within the whole 

structure depending on the expanded perlite particle size, expanded perlite ratio, and waste marble 

powder ratio. This increases the water absorption capacity and the water absorption values of the 

samples by allowing water to be retained in these pores when the samples come into contact with water. 

When the samples' water absorption ratios according to the changes in expanded perlite particle size, 

expanded perlite ratio, waste marble powder ratio, and tragacanth ratio in Figure 8  are examined, the 

water absorption ratio increases as the expanded perlite particle size, expanded perlite ratio and 

tragacanth ratio increase, and the water absorption ratio increases as the waste marble powder ratio 

increases since the waste marble powder will fill the pores in the sample. 
                      

 

 

Figure 8. Change in Water Absorption Ratio depending on the expanded perlite, waste 

marble powder and tragacanth ratios 
     

As it is seen in water absorption graphics, the water absorption ratios of the samples with a particle 

size of 0-2 mm vary between 18.63% - 22.64% and the water absorption ratios of the samples with a 

particle size of 2-4 mm vary between 23.23% - 27.24%. 
 

 

4. Conclusions  

 In this study, density, water absorption, compressive strength and abrasion loss were performed 

respectively on the composite samples prepared, and the following conclusions were obtained.  

 
 The amount of porosity in the sample changed depending on the waste marble powder ratio. 

The waste marble powder filled the pores caused by the expanded perlite and tragacanth in the 

samples and increased the abrasion loss since it could not provide adhesion, and it reduced the 
compressive strengths. The abrasion loss can be significantly improved by the addition of 

cement. The water absorption ratio increased by the reduction of waste marble powder. Because 
water easily reached these pores through capillary channels since the pores could not be filled 

by decreasing the waste marble powder ratio. 
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 As the expanded perlite particle size, expanded perlite ratio, tragacanth ratio and waste marble 
powder ratio in the composite samples prepared decreased, the compressive strength and 

the abrasion loss and water absorption values increased.  

   
 In conclusion, expanded perlite, waste marble powder and tragacanth can be used as alternative 

raw material sources for the production of porous construction materials. It should be considered that 

these type of lightweight concretes produced are weaker under load compared to normal concretes. They 
cannot be used in the places that are directly exposed to water. To coat the surfaces of the samples 

produced with waterproofing materials may inhibit the capillary absorption of water, and it should not 

be forgotten that such measures lead to additional costs. 
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