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Porous clay bricks produced by adding 5%, 10%, 15% and 20% by weight of 

Basalt Cutting Waste (BCW) were manufactured by semi-dry pressing 

process. BCW (Karacadağ, Diyarbakir, Turkey) was added to brick raw 

material as an additive in order to increase porosity and strength. The 

chemical composition and thermal behaviors of raw materials were 

investigated and SEM analysis was performed. Brick mixes containing 

different proportions of BCW were formed and then fired at 900 and 1000° C 

for two hours. Porosity, water absorption, compressive strength, thermal 

conductivity and microstructure of the samples were examined. It was 

observed that the porosity ratios were increased by up to 34% with the 

addition of BCW, however, compressive strength (at least 28 MPa) decreased. 

However, the compressive strength was found to be higher than the required 

standards. The thermal conductivity of samples with the addition of 20% BCW 

decreased from 0.98 up to 0.72 W / mK compared to the reference sample, 

which also corresponds to a reduction of 26.5% in proportion to the reference 

sample along with the increase in porosity. The increase in firing temperature 

also affected the mechanical and physical properties of the samples. In 

conclusion, this study revealed that the brick samples produced could be 

evaluated and used as insulating materials by adding BCW to building 

materials in construction applications. 
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1. Introduction  

Recently, energy consumption of the buildings all over the world has become the most important 

problem. The energy consumed for the buildings in the world is generally used for heating and cooling. 

This consumption rate is approximately one third of the energy used in the world [1,2]. In this context, 

many countries in the world aim to reduce energy consumption in buildings. It is surely known that both 

economic and environmental concerns come to the forefront in the realization of these targets. Due to 

these concerns, it is most profitable and preferred solution is to improve thermal insulation properties in 

order to reduce energy consumption in buildings [3]. Approximately 30% of energy or heat loss in 

buildings passes through walls. [4-6]. The bricks used in walls are the most common construction 
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materials. Bricks should have good thermal insulation behaviors as well as mechanical properties. Fired 

clay bricks, which are the most well-known type of bricks and among the oldest known construction 

materials, are preferred because of their simple and reliable construction technique, relatively low cost 

and low maintenance cost, physical properties [7]. In addition, the bricks also offer a comfortable 

moisture environment with mechanical and thermal properties in buildings. [8]. The quality of the brick 

is highly dependent on the properties and composition of the raw materials, the production procedure, 

the firing method, and the temperature and time [9-11] The sintering process in clay bricks increases the 

strength of bricks. Sintering is the binding mechanism of clay particles and it can only be achieved under 

the influence of heat [12]. Furthermore, the thermal performance of bricks depends on the geometry of 

the pores formed in the brick [13,14]. If the porous structure of clay bricks is improved by appropriate 

methods, they may have a significantly lower thermal conductivity and permeability properties, which 

means that a lower heat loss can be achieved on the walls of homes [15,16]. Bricks can be formed with 

micropores by adding various organic and inorganic pore-forming additives (such as closed pores) to 

brick raw material mixtures before firing [17]. Some different pore-forming materials such as wood 

sawdust, polymers, leather residues, organic residues, coal dust, powder limestone, paper sediment and 

mineral additives providing thermal decomposition were commonly used .Heat resistant porous 

materials such as diatomite, zeolite, vermiculite and perlite were also utilized in ceramic bricks. [5,6,18–

20]. 

Basalt is among the volcanic rocks in the classification of natural stones. Basalt, which is a dark 

gray and black volcanic rock that is mainly composed of feldspar and found in nature with crystalline 

and dense pulp or glassy nature, is widely available with various properties in Diyarbakır and Afyon 

provinces and in the Thrace region in Turkey [21].  

Basalt deposits in Diyarbakır-Karacadağ cover large areas in the Southeastern Anatolia Region 

of Turkey. The basalt flow from the Karacadağ volcano, which provides the formation of these basalt 

stones, is widespread in an area of approximately 80 meters thick and 10.000 m2, especially in three 

regions of Diyarbakır [22]. Large basalt plateaus with a diameter of 120-130 km are observed in the 

regions on the way to Diyarbakır-Şanlıurfa in the west, Diyarbakır-Elazığ in the north and Diyarbakır-

Mardin in the east. [23].  Basalt blocks are cut and sized according to the areas of usage. Basalt powders, 

which are characterized as waste, are formed during this cutting process. These waste powders are stored 

by business owners in an area that is not operational. The high abrasion resistance, low thermal 

conductivity, and resistance to acid and frost of the Diyarbakır-Karacadağ basalt have ensured the 

diversification of the areas of usage and have led to an increase in the studies related to this material. 

The geological, petrographic, tectonic and basalt-marble properties of different regions basalts of  

Turkey have been investigated with the studies conducted to date [24-29]. However, it was determined 

that there were no studies regarding the utilization of waste basalt cutting powders in the literature. Thus, 

the aim of this study was to determine of feasibility of using the waste basalt powder in production of 

clay brick samples and the effects on physical and mechanical properties and thermal conductivity of 

bricks.  

 

2. Mterials and Methods 

In this study, it was aimed to produce brick samples from clay mixtures with BCW addition in 

order to be used as an insulating material. The mechanical and thermal behaviors of BCW additive in 

powder form in ratios of 5%, 10%, 15%, 20% by weight in clay bricks were examined.  
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Table 1. Mixture proportions. 

Mix code Fring temperature/time Brick clay(wt.%) Basalt(wt.%) 

S0 9000C/2h 100 0 

S1 9000C/2h 95 5 

S2 9000C/2h 90 10 

S3 9000C/2h 85 15 

S4 9000C/2h 80 20 

P0 10000C/2h 100 0 

P1 10000C/2h 95 5 

P2 10000C/2h 90 10 

P3 10000C/2h 85 15 

P4 10000C/2h 80 20 

 

The mixture ratios are presented in Tab. 1. The clay raw material was obtained from the brick 

manufacturer and the BCW was obtained from the basalt processing plant (in Diyarbakır, Turkey). Clay 

and BCW were first subjected to pretreatments such as drying, grinding and sieving. Raw materials with 

a particle size of less than 150 μm were used for the production of bricks. They were mechanically 

mixed in a laboratory mixer with sprayed water for approximately 15% of total weight for 30 minutes 

to obtain homogeneity and density in the mixtures.  

  

 

Figure 1. Brick production 

For each test, brick samples with Ø=3cm, h=2cm sizes were semi-dry pressed to a mold with a 

hydraulic press under a pressure of 10 MPa and kept at room temperature overnight. The samples were 

dried in the furnace at 40° C for 20 hours and then at 100° C for 18 hours. After drying, the samples 

were fired in a laboratory electric furnace (Protherm PLF12 / 15) at a rate of 5°C/min for 2 hours at 

900°C and 1000°C. The samples fired at 1000°C are presented in Fig. 1. Then, the water absorption, 

porosity, compressive strength and thermal conductivity values of these samples were measured. The 

measurements of thermal conductivity values were performed using the C-Therm TCi Thermal 

Conductivity Analyzer [9]. 

2.1. Thermal conductivity measurements 

Although the thermal conductivity analyzer measure with an error of less than 0.4%, the 

mathematical discussion of the error was examined in this study. Because the error is important on the 

thermal performance of the material. The basic procedure for examining and minimizing the error in 

thermal measurements is presented below: 

211

http://dergipark.gov.tr/ejt


European Journal of Technique (EJT)   Vol  9, Number 2, 2019 

Copyright © INESEG                                       ISSN 2536-5010 | e-ISSN 2536-5134                                                  http://dergipark.gov.tr/ejt       

- At least three different samples are tested under three different thermal and moisture conditions 

of each material. 

- Each test consists of at least ten thermal measurements. 

- The characteristic thermal conductivity value is obtained for ninety tests under three different 

thermal and moisture conditions, considering the average value in each sample.  

 

3.  Results and Discussion 

3.1.  Characterization of the raw material 

 

The chemical compositions of clay and BCW raw material made by XRF analysis are presented 

in Tab. 2. 
 

Table 2. Chemical composition of raw material (wt.%). 

Oxides Clay BKA 

SiO2 59.9 46.04 

Al2O3 16.1 13.89 

Fe2O3 7.3 4.89 

CaO 2.08 9.12 

MgO 2.12 8.76 

K2O 2.33 1.04 

Na2O 0.81 3.64 

SO3 - - 

Loss on ignition 9.36 12.62 

 

  

Figure 2. Raw material morphologies a) clay, b) BCW 

SEM images of clay and BCW raw materials after sieving are presented in Fig. 2. Brick clay 

contains aluminum, iron, calcium, magnesium and potassium oxides as well as a large silica fraction. 

Basalt, which is one of the volcanic stone masses, is the most important stone of the gabbro family with 

its dark color, microlithic or glassy texture and homogeneous structure. The composition of the basalt 

includes basic feldspar such as augite microliths, enerphit and labrador, magnetite and olivine granules, 

and also sometimes substances such as ilmenite and hornblende. 

 

b a 
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3.2.   Characterization of the fired samples 

3.2.1. Apparent porosity 

 

The porosity values of the produced bricks are presented in Fig. 3. As it is seen in Figure 3, the 

porosity ranged from 28.4% to 33.8%. The lowest porosity was obtained at P0. 

 

 

 

Figure 3. Apparent porosity of the produced bricks. 

 

The highest porosity was observed in S4. As it is seen in Fig. 3, the difference between the two 

reference bricks (S0 and P0) was 5.1%. When the porosities of S1, S2, S3 and S4 were compared with 

S0, they were higher by 1.3%, 4.3%, 8.7% and 12.6%, respectively. When the porosities of P1, P2, P3 

and P4 were compared with P0, porosity ratios were higher by 4.8%, 7.3%, 12.1% and 15.7%, 

respectively. 

As it is understood, the addition of BCW in the brick had a significant effect on the porosity of 

the samples since it increased the porosity slightly at both temperatures. When each group containing 

the same BCW ratio was examined to see the effect of the fire temperature, the largest difference was 

found to be 5.1% between S0 and P0. As it is seen in Fig. 3, the effect of temperatures in the bricks 

containing BCW was negligible. The porosity of the brick increased slightly due to the release of CO2 

gas during decomposition and the lack of full adhesion of the BCW. The increase in the porosity of the 

brick helps improve thermal insulation properties. In cement based composites, it is necessary to 

increase porosity to obtain high thermal insulation performance. Therefore, air entraining agent and 

expanded polystyrene (EPS) are used in the buildings. However, their use increases the cost. 

Furthermore, EPS loses its function when it is exposed to fire. The increase in the porosity of both 

cement-based and clay-based composites generally leads to a decrease in strength. However, the bricks 

containing BCW do not show significant strength loss. 
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3.2.2. Water absorption 

 

The water absorption values of the produced bricks are presented in Figure 4. As it is seen in 

Fig. 4, water absorption values ranged from 16.1% to 20.4%. The lowest water absorption value was 

obtained in P0 with the lowest porosity and the highest bulk density. The highest water absorption value 

was observed in S4 with the highest porosity and the lowest bulk density.  

 

 

Figure 4. Water absorption of the produced bricks. 

 

3.2.3. Compressive strength 

 

Compressive strength is the most important property of construction materials. In many countries, 

clay bricks are allowed up to be used up to three storeys in building applications. Therefore, it is known 

that bricks should have a minimum compressive strength of 7 MPa according to Turkish and relevant 

European Standards (TS EN 771-1). As it is seen in Fig. 5, the compressive strength of the samples 

produced was decreased depending on the concentration of BCW in the brick for both temperatures.  

 

Figure 5. Compressive strength of the produced bricks. 
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Compressive strength values ranged from 28,1 MPa to 32,4 MPa. The highest strength samples 

observed in the samples produced were observed in P0 (32.4 MPa) and S0 (31.2 MPa) reference samples. 

Among the samples, the lowest strength values were observed in S4 (28.1 MPa) and P4 (28.9 MPa) with 

a concentration of 20% BCW. The compressive strengths of S1, S2, S3 and S4 containing BCW were 

found to be lower by 1.5%, 3.2%, 5.8% and 10%, respectively, compared to S0. The compressive 

strengths of  P1, P2, P3 and P4 containing BCW were found to be lower by 1.8%, 3.6%, 6.3% and 

11.5%, respectively, compared to B1. With this comparison, it was understood that BCW had a 

significant effect on the compressive strength of the clay brick, and that the effect of temperature was 

low. Although the bricks lost their strength, all bricks still had high compressive strength. The reason 

underlying the loss of pressure is related to the porosity of the brick. The values obtained are very 

suitable for structural applications even in earthquake zones. When density and compressive strength 

are evaluated together, the bricks produced provided superior values compared to lightweight concrete. 

When the relationship between porosity and compressive strength was examined, compressive strength 

decreased while porosity increased. Furthermore, it can be concluded that BCW utilization rate in the 

samples may increase by more than 20%. Many lightweight concrete containing perlite, vermiculite and 

expanded polystyrene (EPS) for insulation purposes generally have low compressive strength and are 

not sufficient for structural applications [30,31]. The bricks with BCW have the thermal insulation and 

durability required for structural applications. Nevertheless, further studies should be carried out by 

adding some additives (vermiculite, pumice, perlite, etc.) to the sample to see the effects of mineral 

additives such as BCW on the properties of bricks. 

 

3.2.4. Thermal conductivity  

 

The thermal conductivity results of the bricks produced are presented in Figure 6. The thermal 

conductivity values of the reference samples (S0 and P0) were 0.98 and 1.12 W/m K, respectively. The 

thermal conductivity value of the samples decreased to 0.72 W/m K (sample S4) depending on the 

amount of BCW added to the clay brick mixture.  

 

 

Figure 6. Thermal conductivity of the produced bricks. 

Fig. 6 also shows a comparison of thermal conductivities in each group and at each temperature. 

The thermal conductivity values of S1, S2, S3 and S4 containing BCW were found to be lower by 9.18%, 

15.3%, 21.4% and 26.5%, respectively, compared to S0. The thermal conductivity values of P1, P2, P3 

and P4 containing BCW were found to be lower by 14.17%, 19.73%, 25% and 29.6%, respectively, 
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compared to P0, which was due to the increased porosity of the brick. These results indicated that the 

thermal performance of the bricks should be improved by the use of additional pore-forming materials 

in the brick. 

3. Conclusions 

 

In this study, the usability of BCW in brick production was examined. Clay brick samples with 

different proportions of BCW were produced. The key results of the use of BCW in the production of 

fired clay bricks are as the following. 

 

 The bulk brick density decreased to 1.73 g / cm3 at 900o C and up to 1.82 g / cm3 at 1000o C 

with BCW depending on its content in the mixture. 

 Although lower density was observed at 900◦ C, the effect of temperature on bulk density was 

smaller and negligible. It is extremely important to reduce the bulk density of the bricks in order 

to decrease the dead building load. The reduction of the dead load decreases the sections of the 

load bearing elements of the building. 

  BCW had a significant effect on sample porosity. The addition of BCW increased the porosity 

of fired bricks up to 34%. The effect of temperature changes on brick porosity was insignificant. 

The increase in the amount of BCW in the bricks resulted in an increase in the thermal insulation 

performance of the bricks. 

 Water absorption of the bricks increased depending on the increase in the amount of BCW. 

There was a close relationship between water absorption and brick porosity. Higher porosity led 

to higher water absorption.  

 The bricks with 5-20% BCW added to the brick clay had a compressive strength of 28.08-32.38 

MPa above 7 MPa as required by the standard. Compressive strength is very important for load 

bearing elements of walls. The compressive strength of the samples with the addition of BCW 

was found to be lower compared to the compressive strength of the reference brick at both 

temperatures. Moreover, it was observed that all bricks with the addition of BCW were found 

to have greater strength than 18 MPa, which can be used in structural applications, meeting the 

disaster regulation for a building material that meets the requirement of TS EN 771.  

 The addition of BCW increased the thermal performance of bricks. The thermal conductivity of 

the brick was related to porosity. Nevertheless, thermal insulation performance of bricks could 

be improved by the use of additional pore-forming materials in the brick. Therefore, further 

studies on different BCW concentrations, combinations and pore-forming agents should be 

carried out to see the effects of structural composites on both physical, physico-mechanical and 

thermal performance. The raw materials of the produced samples and the microstructures of the 

composites are very important to achieve the desired results. As it was clearly understood from 

the test results in this study, the bricks containing BCW have superior properties compared to 

lightweight concrete containing BCW, which clearly indicates the high potential for the use of 

BCW in clay. Furthermore, it is necessary to study the combination of different additives and 

the properties of BCW bricks. 
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