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EVALUATION OF THE THERMAL PERFORMANCE OF A SOLID 

CONCRETE BRICK MADE FROM THE RECYCLING OF THE RUINS 

OF HOMS – SYRIA 

Abstract: In this research, the thermal performance of solid bricks 

manufactured by relying on recycled rubble (building debris) instead of natural 

aggregates has been studied. Two types of aggregates were chosen for use as basalt 

stone and cement brick aggregates. Where 17 samples were prepared with different 

aggregate ratios, and 60 other samples were added, some of which have been added 

to their composition and which improve the thermal performance of them, The 

improved materials are polystyrene in the form of granules and the sterop in the 

form of granules as well, After the samples draining completely, the density of all 

samples was determined experimentally, after which the thermal conductivity of the 

prepared samples was performed using a thermal conductivity measuring device. 

Tests indicated that the density contrasts with an increase in the proportion 

of basaltic rubble and a decrease in the percentage of cement brick rubble, It is also 

decreasing by increasing the percentage of the improved additive, As for thermally, 
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it was found that the coefficient of thermal conductivity decreases by increasing the 

percentage of basaltic aggregate and increasing the percentage of the enhanced 

additive. 

Keywords: Solid cement bricks, rubble recycling, basalt stone aggregate, 

cement brick aggregate, thermal conductivity coefficient, Homs city rubble. 
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ОЦЕНКА ТЕПЛОВОЙ ХАРАКТЕРИСТИКИ МОНОЛИТНОГО 

БЕТОННОГО КИРПИЧА, ПОЛУЧЕННОГО ПРИ ПЕРЕРАБОТКЕ 

РАЗВАЛИН ГОРОДА ХОМС – СИРИЯ 

Аннотация: Два типа заполнителей были выбраны для использования в 

качестве базальтового камня и цементно-кирпичных заполнителей. 

Было nриготовлено 17 пробных образцов с различными агрегатными 

отношениями. 60 других были приготовлены с добавками к их составу для 

улучшения их тепловой характеристики. Добавки - полистирол в форме 

гранул и стероп в также форме гранул. Плотность всех образцов была 

определена экспериментально, после того, как они были полностью 
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высушены. Затем измерилась теплопроводность пробных образцов с 

помощью прибора для измерения теплопроводности. 

Проведенные эксперементы показали, что плотность уменьшается с 

увеличением доли базальтового мусора и уменьшением доли мусора 

цементного кирпича. Плотность также уменьшается при увеличении 

процентного содержания добавок. Более того, было обнаружено, что 

коэффициент теплопроводности уменьшается при увеличении доли 

базальтового мусора и увеличении процентного содержания добавки. 

Ключевые слова: монолитный цементный кирпич, переработка 

строительного мусора, базальтовый каменный заполнитель, цементный 

кирпичный заполнитель, коэффициент теплопроводности, городские 

развалины Хомса. 

Ключевые слова: монолитный цементный кирпич, переработка 

строительного мусора, базальтовый каменный заполнитель, цементный 

кирпичный заполнитель, коэффициент теплопроводности, городские 

развалины Хомса. 

Introduction 

Environmental issues are gaining increasing attention worldwide, and the increase in 

the global population has made the world more aware of the importance of 

sustainability and the need for sound behavior to protect the environment. 

The next stage (the reconstruction phase in Syria) requires huge quantities of building 

materials of various types, such as cement, natural aggregates of all kinds, bricks, and 

other building materials. It was necessary to start thinking seriously about searching 

for alternatives to secure these quantities in light of the massive depletion of natural 

resources for this purpose.Not to mention the population inflation that leads to an 

increase in housing demand on the other hand. 
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Building debris has been proposed to be recycled for use as recycled aggregates rather 

than natural aggregates, Thus, the market requirements for building materials (recycled 

aggregate) are met on the one hand, and on the other hand, the environment is cleared 

of rubble that constitutes an environmental burden that cannot be underestimated when 

not managed properly, Where one study indicates that the quantities of building debris 

in the city of Aleppo alone are estimated at fifty million cubic meters.  

The process of exploiting the rubble of buildings rubble as building materials reduces 

the prices of building materials, as they will be available in the market in abundance, 

and consequently, the price decreases according to the law of supply and demand, and 

thus reduces the cost of construction as a whole. 

Where the cost of building materials is estimated (50 - 70%) of the total cost of 

construction and for this they constitute an essential aspect that should be relied upon 

in the selection of construction methods. 

Before starting to rely on the rubble of building debris as building materials, it is 

necessary to make sure of some of the properties that these materials must achieve 

when used for this purpose such as structural durability, pressure resistance, thermal 

and acoustic insulation and other characteristics that must be achieved 

In this research, it will be discussed to study the thermal properties of a solid cement 

brick made of rubble from buildings and determining the coefficient of thermal 

conductivity for it by changing the mixing ratios of those materials. 

The research aims to: 

1- Give one of the solutions to get rid of the rubble of buildings in a correct scientific 

manner. 

2- Study the thermal properties of some combinations of brick made from rubble 

recycling experimentally. 
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3- Determine the most suitable mix to achieve the best thermal conductivity factor for 

the studied brick mixtures 

4- Determining the density of the experimentally studied brick mixtures. 

Reference studies: 

In 2003 Katz conducted a study in which he researched the properties of concrete made 

from recycling of rubble, and focused in his research on the use of different types of 

rubble in terms of the age of those rubble, and also studied the most appropriate time 

to use the rubble after crushing, On the other hand, he studied the impact of rubble 

moisture on the final product (concrete made from rubble recycling), and the rubble 

used in making samples reached 100% instead of the basic mortar. 

The study showed that the debris used three days after its crushing is better than the 

one that is used after 28 days in mechanical terms[3]. 

In 2008 Netinker et al. Conducted a study through which they reviewed a set of 

research aimed at the possibility of recycling rubble in order to benefit from it in the 

manufacture of bricks and the creation of concrete blocks with good specifications, so 

they presented the physical and mechanical thermal properties resulting from research 

done in this field, and the study indicated that it is possible to take advantage of the 

rubble by recycling it and by producing good thermal and mechanical concrete bricks 

and blocks that meet the construction needs[4]. 

In 2012, Jones and his companions studied the use of recycled debris and secondary 

debris in concrete, and the researchers took up research in their study of improving 

sustainable construction by developing foam concrete that contained both recycled and 

secondary quantities of debris, These products were selected on the basis of their wide 

availability. 

The results indicated that the precision-sized recycled debris could be successfully 

used in concrete instead of natural sand, either partially or completely. 
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The experiments also gave good results and excellent advantages when using boslan 

in mixtures under certain conditions.  In addition, good performance was given in tests 

of drying shrinkage, water absorption, and sulfate resistance, and the study gave good 

values of the thermal conductivity factor. 

The research concluded that the behavior of the produced concrete depends mainly on 

the density of the particles and the homogeneity of the mixtures given. They 

emphasized that it is necessary to experiment with more mixture of unknown materials 

to get to know the performance of the foam concrete more[5]. 

In 2012, Lage and others studied the properties of ordinary concrete made from 

recycled rough aggregate by reviewing several studies that have taken place in this 

field.  

The research was based on a study of the behavior of simple concrete made from 

recycled coarse aggregate, i.e. recycled aggregate with a high rate of slurry waste. 

The factors studied were: operability, density, stamina, longitudinal deformation 

coefficient, Poisson ratio, depth of water penetration under pressure, stress pattern 

Reference concrete is only containing coarse natural aggregate, concrete with half 

natural aggregate and half recycled, and concrete with only coarse recycled aggregates 

prepared for related testing 

The study showed that recycled aggregates can be used to produce concrete with good 

building specifications[6]. 

In a study conducted in 2013, Wengsa and his companions used lightweight rubble 

(LWA) to produce pre-made lightweight concrete (LWPC), using many components 

of rubble, adding diatomite and pumice to prepared samples. 

Cement was used in different volumes, the ratios were 15%, 20%, and 25%. 

Mechanical and thermal tests were performed on the samples that were prepared. The 

tests are stress test, thermal conductivity. 
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The results indicated that the use of diatomite and pumice in samples prepared as 

coarse aggregate in prefabricated concrete can reduce density and heat conductivity 

about 3-4 times compared to concrete containing natural aggregate. 

Densities ranged between (558-775 kg / m3) which was less than 800 kg / m3 and it is 

suitable for use as insulating cement. 

Pressure strength ranged from 28 days on LWPCs (2.47 - 5.99 MPa). 

 The increase in cement content content improved the mechanical properties of 

LWPCs. LWPC with diatomite showed higher mechanical properties and lower 

thermal conductivity than pumice-containing [7]. 

In 2014, Wang and his colleagues researched and worked on designing a mixture of 

recycled thermally insulating concrete with metal alloys.  

The aim of this study was to prepare a type of recycled thermal insulation concrete 

(RATIC), in which thermal insulation particles (TIPs) were used as sealed holes 

instead of air holes to allow the thermal conductivity coefficient of concrete to 

decrease. 

Laboratory results of the study showed the performance of total and recycled concrete, 

which was prepared by incorporating TIPs and various mineral additives including 

nano slag (UFS), nanosilica (NS) and nanocalcium carbonate (NCC). Compressive 

durability, thermal conductivity and dry density of concrete mixtures. 

Experimental results also showed that glazed hollow beads at an optimum level of 

130%, significantly reduced the thermal conductivity of the total recycled concrete. 

The concrete properties were improved by adding UFS and US, while NCC produced 

a negative impact. 

As far as compressive strength is concerned, replacing cement with UFS at 10% or NS 

1% made the mechanical performance better than it was, whereas replacing cement 
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with NCC by 1.5% and adding TIPs reduced the compressive strength of the total 

recycled concrete. 

The effects of UFS and NS mineral additives produced more performance 

improvements in concrete than recycled coarse aggregate. 

Finally, the optimum mix ratio was determined. For this mix, the coefficient of thermal 

conductivity and compressive strength of the concrete was 0.305 W / mk and 46.7 

MPa, respectively [8]. 

Al-Saleh and others presented in 2018 a study on the use of volcanic slag and Syrian 

perlite in the production of building materials with a distinctive thermal performance. 

The study examined the possibility of using natural insulation materials available 

locally in Syria (perlite and pozolan) in the production of concrete mixtures. 

The study mainly aims to achieve good thermal insulation in building concrete 

mixtures. In other words, the use of building materials improves the thermal 

performance of the building. 

Concrete samples were designed and poured with fixed proportions of rough pozzolan 

with a value of 34%, fine bouzlan 11%, and variable percentages of perlite ranged 

between 0-48%, and the rest of the proportions were lime sand. 

The pressure resistance of the resulting samples and their specific weight were 

measured, their thermal conductivity value was measured, and the relationship between 

these variables was calculated to benefit from them in the thermal and structural design 

of the building. 

The results showed that replacing the calcite sand with perlite resulted in a significant 

decrease in the thermal conductivity of 0.237 W / Mk [9]. 
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In 2019 Kanye and his colleagues presented a paper examining the influence of 

structural, physical and thermal factors of insulating aggregate on the effective thermal 

conductivity of lightweight concrete. 

The study evaluated the effect of some parameters, namely particle size and the ratio 

of the thermal conductivity of components on the effective thermal conductivity of 

concrete. The correlation between two points and linear path functions is used to 

describe the internal structure created by the serial random collection model (RSA), 

The finite element model was developed to evaluate the effective thermal conductivity 

of concrete. The results confirmed that the internal structure of concrete depends on 

the size of the particles [10]. 

Recently, in Garmo and his companions, in 2020 he studied the thermal performance 

of a concrete made from recycling of rubble, and thermal results demonstrated that the 

studied concrete gave low heat transfer coefficients and served the required purpose 

[11]. 

Devices and equipment used: 

1- Stone Crusher. 

2- Sieves. 

3- Sample casting mold. 

4- Thermal conductivity measuring device. 

5- Electronic balance. 

6- Beacolis. 

 

 

Experimental: 
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Sample preparation: 

The research samples were prepared in several stages, where in the first stage the 

aggregates were collected from the rubble of the buildings, and the aggregates that 

were collected were of the types that were approved in this research as we mentioned 

previously, which are low-density basalt stones and broken concrete bricks in the form 

of rubble. Then these quantities of stakes were sent to a local quarry for the purpose of 

milling and crushing, which was done by a crusher crusher that grinds and crushes the 

stacks in the required sizes and dimensions, The selected basalt stone and cement 

bricks were ground and the aggregate dimensions resulting from grinding were 12mm 

and under. 

After the grinding stage, the process of selecting the aggregates began with the size 

approved, which is between 3-6 mm, which is the screening process, where sieves  

worked to choose the required size. Instead of the traditional sand used in the mixtures 

of traditional cement bricks, the sand resulting from the aggregate grinding operations 

which were dimensions Without 2mm. 

Samples were prepared using the code of the Syrian Arab Republic to create concrete 

brick mixtures [13]. Initially, 17 samples were started by mixing the materials that 

make up the samples, and the difference in the composition of the samples between the 

sample and the other was the mixing ratios of the materials formed for the sample in 

terms of the percentage of aggregates, where the first sample contained the aggregate 

of the basalt crushed stone ratio in it 80% and the proportion of cumulative sand 20% 

and cement And water according to the specifications of the approved code , And the 

second sample was 75% basaltic stone aggregate, 5% aggregate brick, 20% aggregate 

sand, cement and water. And the third sample is 70% aggregate basalt stone, 10% 

aggregate brick and 20% aggregate sand in addition to cement and water, and thus an 

increase of 5% aggregate brick for each sample from the previous sample at the 
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expense of basaltic stone ratio, so that the proportion of brick aggregate in the last 

sample becomes 80 % And the proportion of basalt stone 0%. 

The mixtures were poured into a mold with the previously mentioned dimensions that 

suit the thermal conductivity measuring device, and then the samples were dried for a 

period of at least 28 days according to the specifications of the code, and the cement 

samples were watered with water on the days of pouring the first samples. 

In the second stage, another 60 samples were prepared, 30 of which were added with 

an enhanced material, which is bulk polystyrene in the form of granules, and the 

remaining 30 samples were added with another enhanced material, which is also the 

bulk sterop in the form of granules, The enhanced substance has been added to each 

sample by a percentage that is 10% more than the previous sample, that is, in the first 

sample, a mixture of 10% of the improved substance is added to the mixture. 

After the samples were completely dried, the density of each of the samples was 

determined by knowing their weight using an accurate scale that was previously 

mentioned and their size by measuring their dimensions (length * width * height) by 

Beacolis. 

Density calculation law is applied: 

𝜌 =
𝐺

𝑉
                                                (1) 

Where: 

𝜌: The density of the sample after drought is estimated to be kg/m3. 

G: The mass of the sample is estimated to be kg. 

V: The sample size is estimated be 𝑚3. 

After preparing the samples and determining the density of each of them, thermal 

experiments were performed on the prepared samples in order to determine the 

coefficient of thermal conductivity of each sample, and this was done using the thermal 
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conductivity device that was mentioned in the used devices section, Where each 

sample of samples was placed in the device and its operation, and the device was 

registered by recording a database for each sample on the computer and giving the 

thermal conductivity factor in an instant during the work of the device, but the given 

factor is not approved as a thermal conductivity factor, but the value of the thermal 

conductivity factor of the sample is taken when the thermal flow is constant across 

Sample (constant temperature difference between sample surfaces), This process may 

take longer than an hour or two in some cases, and the heat capacity of the tested 

sample plays a role in determining this time. 

Finally, the thermal conductivity coefficients were obtained for all samples examined. 

Results and discussion: 

After completing the tests that were performed on the samples and looking at the results 

of these tests, the results of the density determination test showed a change in the 

density of the samples, while changing the proportions of the aggregates involved in 

the sample composition, Figure (1) shows a diagram of the relationship between the 

percentage of aggregate bricks included in the composition of samples and the density 

of samples without improvers. 

  
Figure 2: Diagram of the relationship between the ratio of 

brick aggregate and the density of samples without adding 

an enhanced material 

Figure 1: Diagram of the relationship between basaltic 

aggregate ratio and sample density without adding an 

enhanced material 
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Given the curve (1), we find that the density decreases with the increase in the 

proportion of basaltic rubble, where the density is 1897 kg / m3 at the proportion of 

basaltic rubble 10%, and this density decreases to 1742 kg / m3 at 50% of the basaltic 

aggregate, and the density becomes 1378 kg / m3 at 80% , The decrease in density can 

be explained by the increase in the percentage of basalt that the basalt has a high 

porosity structure, and that these pores are filled with air and therefore the ratio of air 

is large to the material and this means a decrease in the mass of the parent material and 

thus a decrease in its density, and that increasing its ratio in a sample mixture reduces 

the density of the sample, and this explains Reduced density of samples with increased 

basaltic aggregate content. 

Curve (2) shows an increase in the density of the sample with an increase in the 

percentage of cement brick aggregate, due to the aggregate of brick that has a relatively 

high density than the density of basaltic stone, whose percentage in the sample 

decreases with an increase in the proportion of brick aggregate, Where the pores in the 

rubble of bricks are few in addition to its components that contain calcic and sand 

gravel which have a high density 

  
Figure (4) is a diagram showing the relationship 

between the ratio of the enhanced additive (Styropor) 

and the density at different basalt ratios. 

Figure (3) is a diagram showing the relationship between the 

ratio of the enhanced additive (polystyrene) and the density 

at different basalt ratios. 

We notice in both schemes (3) and (4) that with an increase in the ratio of the enhanced 

material (polystyrene and stropor, respectively) the density of the studied sample 
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decreases, and the reason is due to the decrease in the density of the enhanced material 

which increases its proportion and consequently the sample density decreases. 

At the same time, we note that the curve that contains greater basalt is lower in all its 

points than the curve with a few basalt ratio because of the low density of the sample 

that contains a greater basalt ratio. The reason for this has been explained. 

After conducting thermal experiments to determine the coefficient of the thermal 

conductivity of the studied samples, we find that the curve shown in Figure (5) gives 

the relationship that links the percentage of basaltic aggregate within the samples with 

the coefficient of thermal conductivity, and that the curve shown in Figure (6) gives 

the relationship between the ratio of brick aggregate in the samples and the thermal 

conductivity coefficient For samples. 

Charts for samples before adding the enhanced material. 

  
Figure 6 shows a relationship between the ratio of 

brick aggregate and the thermal conductivity factor 
Figure 5 shows a relationship between the ratio of basaltic 

aggregate and the thermal conductivity factor 

Looking at the curve shown in Figure (5), we find that the coefficient of thermal 

conductivity of samples decreases by increasing the percentage of basaltic aggregates, 

where the coefficient of thermal conductivity is 0.44361 W / mK in the sample in which 

the proportion of basaltic aggregate is 10% , At a basaltic aggregate ratio of 40%, the 

thermal conductivity coefficient was 0.32911 W / mK, and when this ratio reached its 
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peak and was 80% the coefficient of thermal conductivity of the sample was 0.22884 

W / Mk ,  

The decrease in thermal conductivity can be explained by increasing the proportion of 

basaltic aggregates that the porous basalt structure is the reason for this behavior, as 

the pores within the basalt structure form gaps that act as an air thermal insulator within 

this structure so that the heat transfer in them becomes from one gap to another and 

thus the air barriers that hinder Heat transfer through the basalt structure (the 

coefficient of thermal conductivity of air is the lowest at all) , Thus, by increasing the 

proportion of basaltic aggregates within the sample, the thermal insulation increases, 

and in other words, the coefficient of thermal conductivity of that sample decreases. 

The curve shown in Figure (6) shows that the thermal conductivity coefficient 

increases with an increase in the percentage of aggregate bricks, and the reason for this 

is that with an increase in the percentage of aggregate bricks, the proportion of 

limestone and limestone sands that make up the cement bricks increases, Which is 

combined by cement, which fills all the voids between them, and therefore the 

percentage of air gaps is few and this increases the thermal conductivity of this material 

without the presence of barriers unlike the structure of basaltic aggregate, In addition, 

the increase in the percentage of aggregate bricks is at the expense of the basalt stone 

aggregate, thus reducing the material that increases the insulation. 

By linking the previous curves, you can reach the shape of the curve, which expresses 

the relationship between the density of samples and the coefficient of thermal 

conductivity shown in Figure (7). 
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Figure 7 shows the relationship curve between sample 

density and thermal conductivity coefficient 

We find from the curve shown in Figure (7) that the coefficient of thermal conductivity 

decreases with a decrease in density, and the reason for this is that a decrease in the 

density of the material means the presence of a distance between its particles, and this 

distance contains air that acts as an insulator within that material and in other words it 

decreases the coefficient of thermal conductivity of that substance, While the material 

with high density, the distance between its particles is small and therefore heat transfer 

is easier and the heat transfer coefficient is greater. 

  
Figure 9 A diagram showing the relationship between the ratio of 

the enhanced additive (Styropor) and the thermal conductivity 

coefficient at different basalt ratios. 

Figure 8 shows a relationship between the ratio of the 

enhanced additive (polystyrene) and the thermal 

conductivity factor at different basalt ratios. 

Figures (8) and (9) show the relationship of the ratio of the enhanced material to the 

thermal conductivity coefficient after adding the enhanced materials, and the additive 

is polystyrene and styropor, respectively. 
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We find that the coefficient of thermal conductivity in all curves decreases by 

increasing the proportion of the improved material, due to the fact that the enhanced 

material is a material with a very low thermal conductivity factor and thus increasing 

its ratio within the samples will reduce the coefficient of thermal conductivity of the 

samples. 

 

  
Figure (11) a chart showing the relationship between 

density and thermal conductivity coefficient at different 

basalt ratios after adding (Styropor) 

Figure (10) a chart showing the relationship between density 

and thermal conductivity coefficient at different basalt ratios 

after adding (polystyrene). 

 

Figures (10) and (11) indicate the relationship of the density to the thermal conductivity 

coefficient, after adding the enhanced material. The additive is polystyrene and 

styropor, respectively. 

The reason for this is that the low density means a greater amount of the enhanced 

material within the sample and this reduces the coefficient of thermal conductivity as 

shown in figures (8) and (9). 

Conclusions and recommendations: 

Through the study, it became possible to formulate some conclusions as follows: 

1- Ruins can constitute a real wealth if invested in a correct scientific manner, society 

avoids all the problems that the presence of these ruins can cause. 
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2- Building rubble can be invested by recycling it in order to obtain building materials 

with good specifications that achieve the desired purpose, as is the case in our research. 

3- Both basalt stone aggregates and brick debris resulting from building debris can be 

used instead of natural aggregates to make mixtures to produce cement bricks. 

4- The density of brick samples decreases by increasing the percentage of basaltic 

aggregates within its mixture, unlike the brick aggregate, whose percentage increase 

increases the density of these samples, in samples for which no improved materials 

have been added. 

5- The coefficient of thermal conductivity of brick samples decreases by increasing the 

percentage of basaltic aggregates in it, unlike the aggregate of bricks, whose increase 

percentage increases the coefficient of thermal conductivity of the resulting samples, 

in samples for which no improved materials have been added. 

6- The value of the coefficient of thermal conductivity of the samples made of building 

debris increases with the increase in the density of these samples, and decreases with 

their decrease, in the samples for which no improved materials were added. 

7- The density of the samples for which the enhanced materials are added decreases by 

increasing the percentage of those improved substances included in their composition. 

8- The thermal conductivity coefficient decreases in the samples for which the 

enhanced materials are added, by increasing the proportion of those improved materials 

included in its composition. 

9- The thermal conductivity coefficient decreases as the density decreases and 

increases with increasing samples in which improved materials are added. 
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