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  نــريـتــس

استاذ مساعد

ليبيا

المصنعة من مادة البوليسترين   الوزن

للعناصر غير المحملة وفي ميول  

بالكثافة القليلة والمقاومة الجيدة مقارنة بأنواع 

 خلطة خرسانية ، حيث تم انتاج الخلطات الخرسانية باعتماد

C : S = 1: 1.25    (  

Wc  =   (  

P/C = 0% ,  2%(  على ان يتم

 (100x100 x100)mm تراوحت مقاومة

 kg/m)503 –1598(  وكان هدف ،

تخفيف احمال المنشآت وبالتالي تقليل حجم الخرسانة المسلحة لالسس باالضافة الى العزل الحراري الجيد 

، وخصوصا المنشآت التي تتعرض الى اضرار ويتطلب 

الضغط  وضع تلك النتائج بمنحنيات واستنتاج عالقة رياضية لمقاومة

الضغط والكثافة ألي نسبة خلط 

  .  وبدون اجراء هذا العدد من الخلطات والعدد الكبير من المكعبات الخرسانية
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الوزن لخرسانة الخفيفةل) مقاومة الضغط والكثافة(  تم في هذا البحث دراسة

 )البنائية(واالسمنت والرمل والماء، والتي تستعمل في انتاج الوحدات االنشائية 

بالكثافة القليلة والمقاومة الجيدة مقارنة بأنواع بالعزل الحراري و  تمتاز ومن المعروف ان هذه الخرسانة 

  .الخرسانة الخفيفة األخرى 

خلطة خرسانية ، حيث تم انتاج الخلطات الخرسانية باعتماد  54  اجريت دراسة تلك الخواص على مجموع 

  :وهي ) مكونات الخرسانة

  3.25 :1   ,   2.25 :1   , (                  رمل: سمنت 

  0.45  ,  0.4   , 0.35   (                      االسمنت

 %6  ,  %5  ,  %4  ,  %3  ,  %2( اإلسمنت: البوليسترين

  .تغيير احد تلك المتغيرات الثالث وتثبيت المتغيرين اآلخرين 

mm(100x100 x100)  ومن نتائج الفحوصات المختبرية للمكعبات الخرسانية بأبعاد

MPa )0.43 – 8.75 ( بينما تراوحت الكثافة بحدود kg/m3

تخفيف احمال المنشآت وبالتالي تقليل حجم الخرسانة المسلحة لالسس باالضافة الى العزل الحراري الجيد 

، وخصوصا المنشآت التي تتعرض الى اضرار ويتطلب  مما يؤدي ذلك الى تقليل الكلفة االقتصادية للمنشآت

وضع تلك النتائج بمنحنيات واستنتاج عالقة رياضية لمقاومةللدراسة الرئيسي الهدف 

الضغط والكثافة ألي نسبة خلط  ولكثافة الخرسانة الخفيفة بداللة تلك المتغيرات ، ومنها ايجاد مقاومة

وبدون اجراء هذا العدد من الخلطات والعدد الكبير من المكعبات الخرسانية

  :الخالصة

 

تم في هذا البحث دراسة  

واالسمنت والرمل والماء، والتي تستعمل في انتاج الوحدات االنشائية 

ومن المعروف ان هذه الخرسانة . االسطح

الخرسانة الخفيفة األخرى 

اجريت دراسة تلك الخواص على مجموع    

مكونات الخرسانة(ثالثة متغيرات 

سمنت     نسبة الخلط  ــ

االسمنت: اء ــالم   نسبة   ــ

البوليسترين      نسبة  ــ

تغيير احد تلك المتغيرات الثالث وتثبيت المتغيرين اآلخرين 

ومن نتائج الفحوصات المختبرية للمكعبات الخرسانية بأبعاد   

MPa الضغط بحدود

تخفيف احمال المنشآت وبالتالي تقليل حجم الخرسانة المسلحة لالسس باالضافة الى العزل الحراري الجيد الدراسة 

مما يؤدي ذلك الى تقليل الكلفة االقتصادية للمنشآت

الهدف و . اعادة هيكلتها

ولكثافة الخرسانة الخفيفة بداللة تلك المتغيرات ، ومنها ايجاد مقاومة

وبدون اجراء هذا العدد من الخلطات والعدد الكبير من المكعبات الخرسانية اخرى
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lightweight concrete made from polystyrene 
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A BST R AC T 

This paper is devoted to study the properties of 

strength & Density) manufactured from polystyrene, cement, sand and water and that 

has good strength and thermal insulation and low density compared to other types of 

light weight concrete which is used as a concrete fill (blinding) or used for non

structural concrete members.

54 concrete mixs were produced for this study, 

cement to sand,  the water to cement  and the ratio of polystyrene 

by changing one of these variablesand fixing the other two, these three are Cement : 

sand    ( C: S = 1:1.25 , 1:2.25 , 1:3,25 ) , water : cement ratio ( W/C = 0.35 , 0.40 , 

0.45 ) and Polystyrene to cement ratio ( P/C = 0% , 2% , 3% ,

    The test results of the concrete cubes 

compressive strength ranged between 0.

between 503  – 1598  kg/m

volume of reinforced concrete foundations , additional of thermal insulation , all these 

respect to low total cost buildings. The main aim study, 

mathematical relation and curves

strength and the density of lightweight concrete, this relation can be used in terms of 

these variables for any percentage and without any concrete testing.

 

Keywords: concrete mix; polystyrene; cement; water; sand; compressive 

strength 

1 Introduction 

Lightweight concrete is considered one of modern alternatives that are consistent with 

the requirements of the present and of great importance in modern enterprises, it is 

one of the most notable developments in concrete technology and widely used in 

construction works due to 

this will make it more economical [1].

     The lightweight concrete has a low density that ranges from 200 to 1800 kg/m

with good insulation properties which provide the necessary saving in en
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This paper is devoted to study the properties of light weight concrete(Compressive 

strength & Density) manufactured from polystyrene, cement, sand and water and that 

has good strength and thermal insulation and low density compared to other types of 

weight concrete which is used as a concrete fill (blinding) or used for non

structural concrete members. 

s were produced for this study, the three variables are the ratio of 

cement to sand,  the water to cement  and the ratio of polystyrene to cement, this done 

by changing one of these variablesand fixing the other two, these three are Cement : 

sand    ( C: S = 1:1.25 , 1:2.25 , 1:3,25 ) , water : cement ratio ( W/C = 0.35 , 0.40 , 

0.45 ) and Polystyrene to cement ratio ( P/C = 0% , 2% , 3% , 4% , 5% , 6% ).

The test results of the concrete cubes (100x100 x100)mm shows that the 

compressive strength ranged between 0.43 – 8.75 MPa while the density ranged 

kg/m
3
. The aim studying to reducing building loads and the 

reinforced concrete foundations , additional of thermal insulation , all these 

respect to low total cost buildings. The main aim study, from these results a 

and curves was established for easy finding the compressive 

density of lightweight concrete, this relation can be used in terms of 

these variables for any percentage and without any concrete testing. 

concrete mix; polystyrene; cement; water; sand; compressive 

is considered one of modern alternatives that are consistent with 

the requirements of the present and of great importance in modern enterprises, it is 

one of the most notable developments in concrete technology and widely used in 

construction works due to its properties that cannot provided by traditional concrete, 

this will make it more economical [1]. 

The lightweight concrete has a low density that ranges from 200 to 1800 kg/m

with good insulation properties which provide the necessary saving in en

weight concrete(Compressive 

strength & Density) manufactured from polystyrene, cement, sand and water and that 

has good strength and thermal insulation and low density compared to other types of 

weight concrete which is used as a concrete fill (blinding) or used for non-

the three variables are the ratio of 

to cement, this done 

by changing one of these variablesand fixing the other two, these three are Cement : 

sand    ( C: S = 1:1.25 , 1:2.25 , 1:3,25 ) , water : cement ratio ( W/C = 0.35 , 0.40 , 

4% , 5% , 6% ). 

shows that the 

8.75 MPa while the density ranged 

. The aim studying to reducing building loads and the 

reinforced concrete foundations , additional of thermal insulation , all these 

from these results a 

was established for easy finding the compressive 

density of lightweight concrete, this relation can be used in terms of 

concrete mix; polystyrene; cement; water; sand; compressive 

is considered one of modern alternatives that are consistent with 

the requirements of the present and of great importance in modern enterprises, it is 

one of the most notable developments in concrete technology and widely used in 

its properties that cannot provided by traditional concrete, 

The lightweight concrete has a low density that ranges from 200 to 1800 kg/m
3
 

with good insulation properties which provide the necessary saving in energy 
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consumption for cooling and heating as compared to normal concrete. In addition the 

lightweight concrete will reduces dead loads of the structure leading to smaller 

construction members in the building leasing 

 Expanded polystyrene beads are often u

This leads to a large amount of waste material which is not biodegradable. This 

material could be granulated and used as a lightweight aggregate for concrete[1].

The polystyrene ranked first

is also found frequently as a waste

preparation of lightweight concrete will

pollution. 

 Study of overseas commercial literature, 

[2], shows that polystyrene is being used as aggregate in lightweight concrete 

systems. This lightweight concrete is available as precast panels which can be easily 

handled, cut with power tools or even hand saws, an

 A literature survey found very little in the way of research results with regard to 

polystyrene concrete made from either virgin or recycled expanded polystyrene. Some 

work has been carried out by Sri Ravindrarajah and Tuck 

University of Technology, Sydney. They investigated the compressive strength, 

tensile strength, static modulus of elasticity, ultrasonic pulse velocity, drying 

shrinkage and chemical resistance of polystyrene concrete with densities of 

kg/m
3
 and 1400 kg/m

3
. They also investigated the inclusion of silica fume in the 

mixes. 

 Work was also carried out by the Cement and Concrete Association of New 

Zealand (C&CA, 1994) [4]. This limited study, which examined the strengths and 

some drying shrinkages of recycled polystyrene concrete with densities ranging from 

700 to 1700 kg/m
3
, showed that waste granulated polystyrene can be used to 

manufacture lightweight concrete with similar strength to polystyrene bead concrete. 

The study highlighted difficulties in compaction and finishing of concretes with 

densities below 1000 kg/m

 There are many materials used in the production of light

includingfoam, polyurethane

glass). 

There are other types including lightweight concrete by replacing part of coarse 

aggregates by the bosidonia

previous research for civil engineering college of engineering at Sabrata, Zawia 

university, Libya [5],or by the using the polystyrene wastes as a percentage of cement  

[6]. 
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consumption for cooling and heating as compared to normal concrete. In addition the 

lightweight concrete will reduces dead loads of the structure leading to smaller 

construction members in the building leasing  

Expanded polystyrene beads are often used as the basis for packaging material. 

This leads to a large amount of waste material which is not biodegradable. This 

material could be granulated and used as a lightweight aggregate for concrete[1].

The polystyrene ranked first-class coatings thermally, and are available in low

is also found frequently as a wastefree of charge, thus the use of polystyrene in the 

preparation of lightweight concrete will contributes to reducing environmental 

Study of overseas commercial literature, e.g. Building Systems Technology (1992) 

[2], shows that polystyrene is being used as aggregate in lightweight concrete 

systems. This lightweight concrete is available as precast panels which can be easily 

handled, cut with power tools or even hand saws, and erected quickly and simply.

A literature survey found very little in the way of research results with regard to 

polystyrene concrete made from either virgin or recycled expanded polystyrene. Some 

work has been carried out by Sri Ravindrarajah and Tuck (1993) [3] from the 

University of Technology, Sydney. They investigated the compressive strength, 

tensile strength, static modulus of elasticity, ultrasonic pulse velocity, drying 

shrinkage and chemical resistance of polystyrene concrete with densities of 

. They also investigated the inclusion of silica fume in the 

Work was also carried out by the Cement and Concrete Association of New 

Zealand (C&CA, 1994) [4]. This limited study, which examined the strengths and 

g shrinkages of recycled polystyrene concrete with densities ranging from 

, showed that waste granulated polystyrene can be used to 

manufacture lightweight concrete with similar strength to polystyrene bead concrete. 

difficulties in compaction and finishing of concretes with 

densities below 1000 kg/m
3
. 

There are many materials used in the production of light-weight concrete 

polyurethane, perlite, stilton, rock wool and mineral wool (rock, 

are other types including lightweight concrete by replacing part of coarse 

aggregates by the bosidoniasea plant done by M. S. Allami& I. A. Y. Alsaadi (2008)

previous research for civil engineering college of engineering at Sabrata, Zawia 

ya [5],or by the using the polystyrene wastes as a percentage of cement  

consumption for cooling and heating as compared to normal concrete. In addition the 

lightweight concrete will reduces dead loads of the structure leading to smaller 

sed as the basis for packaging material. 

This leads to a large amount of waste material which is not biodegradable. This 

material could be granulated and used as a lightweight aggregate for concrete[1]. 

y, and are available in low-cost, it 

free of charge, thus the use of polystyrene in the 

contributes to reducing environmental 

e.g. Building Systems Technology (1992) 

[2], shows that polystyrene is being used as aggregate in lightweight concrete 

systems. This lightweight concrete is available as precast panels which can be easily 

d erected quickly and simply. 

A literature survey found very little in the way of research results with regard to 

polystyrene concrete made from either virgin or recycled expanded polystyrene. Some 

(1993) [3] from the 

University of Technology, Sydney. They investigated the compressive strength, 

tensile strength, static modulus of elasticity, ultrasonic pulse velocity, drying 

shrinkage and chemical resistance of polystyrene concrete with densities of 1300 

. They also investigated the inclusion of silica fume in the 

Work was also carried out by the Cement and Concrete Association of New 

Zealand (C&CA, 1994) [4]. This limited study, which examined the strengths and 

g shrinkages of recycled polystyrene concrete with densities ranging from 

, showed that waste granulated polystyrene can be used to 

manufacture lightweight concrete with similar strength to polystyrene bead concrete. 

difficulties in compaction and finishing of concretes with 

weight concrete 

, perlite, stilton, rock wool and mineral wool (rock, 

are other types including lightweight concrete by replacing part of coarse 

done by M. S. Allami& I. A. Y. Alsaadi (2008), 

previous research for civil engineering college of engineering at Sabrata, Zawia 

ya [5],or by the using the polystyrene wastes as a percentage of cement  
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 Several types of lightweight concrete called different names depending on its 

production methods, including aerated light weight concrete, limestone light weight 

concrete and foam light weight concrete.

Many researches to study polystyrene concrete have been conducted since the late 

1950s until modern times, mostly concerned with the study of compressive strength of 

concrete, fracture criteria and the coefficient of thermal cond

can be found notably in the sources [7], [8], [9] and [10].

The focus of this research is to investigate the compressive strength and density of 

concrete made from polystyrene wastes and to find a  mathematical relationship that 

can relate the different mixing ratios with the properties of concrete namely, the 

compressive strength and 

idea of work, requirement for this research work, problem statement, and Authors 

contribution towards their research. R

showing previous work done

succinct, with no subheadings

work and provide an adequate background

literature survey or a summary of the results.

 

2 Materials and Experimental Work

2.1 Materials: 

 Cement: Portland cement is used locally manufactured (Lebda

Aggregates: Two types of aggregates were used namely fine sand (Sedy

and gradient within the specifications of America 1992, 

polystyrene: A lightweight and easy to carry and transport, white 

balls with a density ranging from 

ranges from 0.25 mm to 4.75 mm

Mixing and curing water: Normal drinking water is used free from organic matter, 

salts and impurities. 

2.2 Concrete Mixes: 

Fifty Four (54) concrete mixes were produced,  4 cubes with dimensions (100 

100 × 100 mm) for each mix giving a total of 

concrete mixtures contain a different polystyrene to cement ratios by weight (P/C = 

0%, 2%, 3%, 4%, 5%, 6%)

sand was (C:S = 1:1.25, 1:2.25, 1:3.25), in these concrete mixes we have changed 

one of the above ratios of ingredients while retaining the same proportions to 

conclude the effect of each ratio separ

material component was established using the following volumetric equation (1): 
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Several types of lightweight concrete called different names depending on its 

production methods, including aerated light weight concrete, limestone light weight 

oam light weight concrete. 

Many researches to study polystyrene concrete have been conducted since the late 

1950s until modern times, mostly concerned with the study of compressive strength of 

concrete, fracture criteria and the coefficient of thermal conductivity, these literature 

can be found notably in the sources [7], [8], [9] and [10]. 

The focus of this research is to investigate the compressive strength and density of 

concrete made from polystyrene wastes and to find a  mathematical relationship that 

can relate the different mixing ratios with the properties of concrete namely, the 

compressive strength and density. Papers starts with introduction. It contains the brief 

idea of work, requirement for this research work, problem statement, and Authors 

tribution towards their research. Recent references [1]should be

showing previous work done and importance of current work. This section should be 

succinct, with no subheadings unless unavoidable [2, 3]. State the objectives of the 

ovide an adequate background related to your work, avoiding a detailed 

literature survey or a summary of the results. 

Experimental Work 

Cement: Portland cement is used locally manufactured (Lebda-Libya)

Aggregates: Two types of aggregates were used namely fine sand (Sedy

and gradient within the specifications of America 1992,  

polystyrene: A lightweight and easy to carry and transport, white colour

balls with a density ranging from (10-27) kg/m
3
, specific weight 20

ranges from 0.25 mm to 4.75 mm. 
Mixing and curing water: Normal drinking water is used free from organic matter, 

 

(54) concrete mixes were produced,  4 cubes with dimensions (100 

100 mm) for each mix giving a total of 216 cube for concrete testing,  the 

concrete mixtures contain a different polystyrene to cement ratios by weight (P/C = 

0%, 2%, 3%, 4%, 5%, 6%), water to cement (w/c = 0.35, 0.40, 0.45) and cement to 

sand was (C:S = 1:1.25, 1:2.25, 1:3.25), in these concrete mixes we have changed 

one of the above ratios of ingredients while retaining the same proportions to 

conclude the effect of each ratio separately from other ratios. the weight of each 

material component was established using the following volumetric equation (1): 

                        (1) 

Several types of lightweight concrete called different names depending on its 

production methods, including aerated light weight concrete, limestone light weight 

Many researches to study polystyrene concrete have been conducted since the late 

1950s until modern times, mostly concerned with the study of compressive strength of 

uctivity, these literature 

The focus of this research is to investigate the compressive strength and density of 

concrete made from polystyrene wastes and to find a  mathematical relationship that 

can relate the different mixing ratios with the properties of concrete namely, the 

starts with introduction. It contains the brief 

idea of work, requirement for this research work, problem statement, and Authors 

[1]should be included for 

. This section should be 

. State the objectives of the 

, avoiding a detailed 

Libya) 

Aggregates: Two types of aggregates were used namely fine sand (Sedy-saih-Libya) 

colour into small 

20 and gradient 

Mixing and curing water: Normal drinking water is used free from organic matter, 

(54) concrete mixes were produced,  4 cubes with dimensions (100 × 

cube for concrete testing,  the 

concrete mixtures contain a different polystyrene to cement ratios by weight (P/C = 

, water to cement (w/c = 0.35, 0.40, 0.45) and cement to 

sand was (C:S = 1:1.25, 1:2.25, 1:3.25), in these concrete mixes we have changed 

one of the above ratios of ingredients while retaining the same proportions to 

ately from other ratios. the weight of each 

material component was established using the following volumetric equation (1):  
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where: Vc is the volume of cement, and 

sand and water  respectively, Table 1 describes the weights of materials (cement, 

sand, polystyrene, water) per cubic meter. the mixes were produced

 

2.3 Experimental Program

The compressive strength tests were done on the pre

British standards (BS4550: Part 3:78) ,  for each  and for each mix four specimens 

were used, the average reading was taken as the concrete strength for each mix type, 

the concrete cubes were immerged in water  for 28 days

24 hours and then testing, the concrete density tests were conducted according to 

British standards (BS 1881: Part 114).

Fig.1shows concrete cubs in curing water , and Fig.2 shows concrete cube in 

compressive strength machine
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is the volume of cement, and VP,VS, VW are the volume of polystyrene, 

sand and water  respectively, Table 1 describes the weights of materials (cement, 

sand, polystyrene, water) per cubic meter. the mixes were produced. 

Program: 

The compressive strength tests were done on the prepared concrete cubes according to 

British standards (BS4550: Part 3:78) ,  for each  and for each mix four specimens 

were used, the average reading was taken as the concrete strength for each mix type, 

the concrete cubes were immerged in water  for 28 days for curing before drying for 

24 hours and then testing, the concrete density tests were conducted according to 

British standards (BS 1881: Part 114). 

Fig.1shows concrete cubs in curing water , and Fig.2 shows concrete cube in 

compressive strength machine. 

Fig. 1 curing concrete cubs 

 

Fig. 2 compressive strength  machine 

are the volume of polystyrene, 

sand and water  respectively, Table 1 describes the weights of materials (cement, 

pared concrete cubes according to 

British standards (BS4550: Part 3:78) ,  for each  and for each mix four specimens 

were used, the average reading was taken as the concrete strength for each mix type, 

for curing before drying for 

24 hours and then testing, the concrete density tests were conducted according to 

Fig.1shows concrete cubs in curing water , and Fig.2 shows concrete cube in 
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3    RESULTS AND  ANALYSIS

 Table 1 shows the average compressive strength and density test results for the 

different types of mixes, the table also indicate the amount of cement 

polystyrene ratio for each mix type.

 The effect of  polystyrene ratios on the compressive strength  for the different mixes 

for  water to cement of 0.35 is shown in Fig. 

established, the trend is showing a decrease in strength with increase of polystyrene 

ratio, the same observation was noticed for water to cement ratios of 0.40 and 0.45 

   The effect of  polystyrene ratios on the co

water to cement of 0.35 is shown in Fig. 

established, the trend is showing a decrease in density with the increase of polystyrene 

ratio, the same observation 

 The mathematical relation curves for compressive strength and density test results 

can be easily used to  find the mix ratios and accordingly the materials components 

outside of the range studied in this research. 

 One of the main observation from this study is that a great reduction in compressive 

strength beyond 6% polystyrene ratios, the compressive strength of polystyrene 

lightweight concrete was reduced for many reasons as the polystyrene granules acted 

like voids in the matrix, the bond between the granules and concrete is weak. With 

increase of void content of the concrete there will be corresponding decrease in 

strength. The reduction in strength was also due to the fact that the polystyrene 

granules is more elastically deformable than the matrix, this will give very week 

concrete that can be used only in some backfill works, for the structural lightweight 

concrete made of polystyrene these properties can be modified by using chemical 

additives such as silica fume.

 

Table 1 : Weights of Materials and 

Cement sand 

ratio 

 

C  :  S  

Polystyrene

Cement 

Ratio P/C 

0  

C : S 1:1.25  

0.02  

0.03  

0.04  

0.05  
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ALYSIS: 

Table 1 shows the average compressive strength and density test results for the 

different types of mixes, the table also indicate the amount of cement 

polystyrene ratio for each mix type. 

The effect of  polystyrene ratios on the compressive strength  for the different mixes 

for  water to cement of 0.35 is shown in Fig. 3, a best fit formula for each mix was 

established, the trend is showing a decrease in strength with increase of polystyrene 

ratio, the same observation was noticed for water to cement ratios of 0.40 and 0.45 

The effect of  polystyrene ratios on the concrete density for the different mixes for  

water to cement of 0.35 is shown in Fig. 4, a best fit formula for each mix was 

established, the trend is showing a decrease in density with the increase of polystyrene 

ratio, the same observation applies for water to cement ratios of 0.40 and 0.45 

The mathematical relation curves for compressive strength and density test results 

can be easily used to  find the mix ratios and accordingly the materials components 

outside of the range studied in this research.  

One of the main observation from this study is that a great reduction in compressive 

strength beyond 6% polystyrene ratios, the compressive strength of polystyrene 

lightweight concrete was reduced for many reasons as the polystyrene granules acted 

ds in the matrix, the bond between the granules and concrete is weak. With 

increase of void content of the concrete there will be corresponding decrease in 

strength. The reduction in strength was also due to the fact that the polystyrene 

lastically deformable than the matrix, this will give very week 

concrete that can be used only in some backfill works, for the structural lightweight 

concrete made of polystyrene these properties can be modified by using chemical 

ume. 

Weights of Materials and Compressive strength and density test results

(28 Days) 
 

Water cement ratio  )5W / C = 0.3 (  

Compressive 

Strength  

(stress) MPa  

Weights of Materials   kg / 1m3 
Polystyrene 

Ww  

Water 

Wp 

Polyst. 

Ws  

Sand  

Cw  

Cement 

26.87309.62 0.00 1105.78 884.62 

8.75164.29 9.39 586.74 469.39 

2.95133.06 11.41 475.21 380.17 

2.21111.81 12.78 399.31 319.45 

1.4496.41 13.77 344.31 275.45 

Table 1 shows the average compressive strength and density test results for the 

different types of mixes, the table also indicate the amount of cement used and the 

The effect of  polystyrene ratios on the compressive strength  for the different mixes 

, a best fit formula for each mix was 

established, the trend is showing a decrease in strength with increase of polystyrene 

ratio, the same observation was noticed for water to cement ratios of 0.40 and 0.45 . 

ncrete density for the different mixes for  

, a best fit formula for each mix was 

established, the trend is showing a decrease in density with the increase of polystyrene 

er to cement ratios of 0.40 and 0.45 . 

The mathematical relation curves for compressive strength and density test results 

can be easily used to  find the mix ratios and accordingly the materials components 

One of the main observation from this study is that a great reduction in compressive 

strength beyond 6% polystyrene ratios, the compressive strength of polystyrene 

lightweight concrete was reduced for many reasons as the polystyrene granules acted 

ds in the matrix, the bond between the granules and concrete is weak. With 

increase of void content of the concrete there will be corresponding decrease in 

strength. The reduction in strength was also due to the fact that the polystyrene 

lastically deformable than the matrix, this will give very week 

concrete that can be used only in some backfill works, for the structural lightweight 

concrete made of polystyrene these properties can be modified by using chemical 

Compressive strength and density test results 

Density 

 

kg/m 3 

Compressive 

Strength

(stress) MPa

1799.41 26.87 

1003.02 5 

791.44 2.95 

617.11 2.21 

582.23 1.44 
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0.7584.74 14.53 302.63 242.11 

Water cement ratio  )W / C = 0.4 (  

26.98338.862 0 1058.94 847.154 

7.05183.451 9.173 573.283 458.627 

4.93149.23 11.192 466.344 373.075 

2.68125.769 12.577 393.029 314.424 

1.92108.683 13.585 339.635 271.708 

1.0295.684 14.353 299.013 239.21 

Water cement ratio  )W / C = 0.45 (  

25.11365.728 0 1015.91 812.728 

7.8201.755 8.967 560.432 448.345 

3.23164.81 10.987 457.804 366.244 

2.94139.301 12.382 386.946 309.557 

1.96120.63 13.403 335.083 268.066 

0.81106.372 14.183 295.479 236.383 

Water cement ratio  )5W / C = 0.3 (  

22.54233.21 0 1499.20 666.314 

6.5139.956 7.997 899.714 399.873 

2.25116.636 9.997 749.802 333.245 

1.6499.977 11.426 642.711 285.65 

0.8687.483 12.498 562.388 249.95 

0.6977.764 13.331 499.912 222.183 

Water cement ratio  )W / C = 0.4 (  

23.11257.932 0 1450.87 644.831 

5.24156.814 7.841 882.078 392.035 

3.11131.113 9.834 737.513 327.784 

2.54112.651 11.265 633.661 281.627 

2.1198.746 12.343 555.447 246.865 

1.5287.897 13.185 494.419 219.742 

Water cement ratio  )W / C = 0.45 (  

25.88281.111 0 1405.55 624.69 

6.81173.024 7.69 865.121 384.498 

3.31145.124 9.675 725.621 322.498 

3.11124.972 11.109 624.862 277.717 

1.77109.735 12.193 548.674 243.855 

0.9197.809 13.041 489.046 217.354 

Water cement ratio  )W / C = 0.35 (  

11.81187.049 0 1736.88 534.427 

3.25121.902 6.966 1131.94 348.291 

1.22103.822 8.899 964.059 296.633 

1.1290.412 10.333 839.541 258.32 

0.5880.07 11.439 743.509 228.772 

0.571.851 12.317 667.192 205.29 

Water cement ratio  )W / C = 0.4 (  

11.99208.207 0 1691.68 520.518 

2.58136.932 6.847 1112.57 342.329 

1.31116.919 8.769 949.969 292.298 

1.03102.011 10.201 828.836 255.026 

0.790.474 11.309 735.101 226.185 

0.4381.282 12.192 660.413 203.204 

Water cement ratio  )W / C = 0.45 (  

11.13228.292 0 1648.77 507.314 

2.53151.456 6.731 1093.84 336.568 

1.96129.64 8.643 936.285 288.088 

503.34 0.75 

1800.33 26.98 

1122.73 7.05 

901.78 4.93 

765.55 2.68 

616.62 1.92 

580.44 1.02 

2184.30 25.11 

1200.5 7.8 

989.84 3.23 

818.18 2.94 

727.18 1.96 

642.40 0.81 

2008.21 22.54 

1247.91 6.5 

991.74 2.25 

821.53 1.64 

800.33 0.86 

747.81 0.69 

1930.97 23.11 

1380.76 5.24 

1166.21 3.11 

980.58 4 

900.51 2.11 

762.71 1.52 

2181.88 25.88 

1487.16 6.81 

1222.45 3.31 

1126.56 3.11 

908.76 1.77 

830.23 0.91 

2046 11.81 

1598.88 3.25 

1230.95 1.22 

1380.81 1.12 

982.11 0.58 

951.23 0.5 

2033.73 11.99 

1382.20 2.58 

1200.00 1.31 

1151.57 1.03 

1001.12 0.7 

967.77 3 

2094.76 11.13 

1465.87 2.53 

1265.45 1.96 
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4     CONCLUSIONS: 

    1- Mathematical relation

results  

were established that can used to find the mix ratios.

    2- For light weight concrete, the weight of cement ( 201 

        compressive strength ( 0.43

Kg/m
3 

) 

        decreases with the polystyrene ratio (P/C) increase for all (C/S )ratios.

   3- The largest light weight concrete

2%     

of  polystyrene for all (C/S )ratios

    4- The largest light weight concrete

          ratio of  (C/S) 1: 1.1.25 with (W/C) 0.35

    5- The density and compressive strength for the polystyrene concrete was less than 

the  

         normal concrete as shown in the table 1. 

    6- The workability of polystyrene concrete was good despite the low water to 

cement  

         ratio, the best workability at using (W/C ) 0.45.

5   RECOMMENDATIONS 

This study proved that there is a great potential for the used polystyrene to be used 

effectively in concrete. Even though, the compressive strength is decreasing 

tremendously, there are several properties that can be improved such as the thermal 

conductivity (recommended future study), this abundant waste materials exists in the 

environment and can be obtained with no cost. The use of polystyrene in concrete is 

an excellent choice for attaining sustainability, a cleaner environment, and a reduction 

in construction cost.  

The mathematical relations obtained in this study represent only strength and density 

of  lightweight concrete, more studies to other properties are required in 

a reliable mathematical relations that can be widely used. 
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0.89113.317 10.073 818.4 251.815 

1.11100.645 11.183 726.88 223.655 

0.6690.522 12.07 653.77 201.16 

Mathematical relation and curves for compressive strength and density test 

were established that can used to find the mix ratios. 

For light weight concrete, the weight of cement ( 201 - 469 Kg/1m

compressive strength ( 0.43- 8.75 MPa ) and concrete density ( 503 

the polystyrene ratio (P/C) increase for all (C/S )ratios.

light weight concrete compressive strength was obtained when using 

polystyrene for all (C/S )ratios.  

light weight concrete compressive strength was obtained for the mix 

ratio of  (C/S) 1: 1.1.25 with (W/C) 0.35,when using 2% of  polyst

The density and compressive strength for the polystyrene concrete was less than 

normal concrete as shown in the table 1.  

The workability of polystyrene concrete was good despite the low water to 

ratio, the best workability at using (W/C ) 0.45. 

This study proved that there is a great potential for the used polystyrene to be used 

effectively in concrete. Even though, the compressive strength is decreasing 

there are several properties that can be improved such as the thermal 

conductivity (recommended future study), this abundant waste materials exists in the 

environment and can be obtained with no cost. The use of polystyrene in concrete is 

ce for attaining sustainability, a cleaner environment, and a reduction 

The mathematical relations obtained in this study represent only strength and density 

of  lightweight concrete, more studies to other properties are required in 

a reliable mathematical relations that can be widely used.  

 

1144.32 0.89 

1010.09 1.11 

972.47 0.66 

curves for compressive strength and density test 

469 Kg/1m
3 

) , concrete    

8.75 MPa ) and concrete density ( 503 – 1598 

the polystyrene ratio (P/C) increase for all (C/S )ratios. 

compressive strength was obtained when using 

compressive strength was obtained for the mix  

,when using 2% of  polystyrene. 

The density and compressive strength for the polystyrene concrete was less than 

The workability of polystyrene concrete was good despite the low water to 

This study proved that there is a great potential for the used polystyrene to be used 

effectively in concrete. Even though, the compressive strength is decreasing 

there are several properties that can be improved such as the thermal 

conductivity (recommended future study), this abundant waste materials exists in the 

environment and can be obtained with no cost. The use of polystyrene in concrete is 

ce for attaining sustainability, a cleaner environment, and a reduction 

The mathematical relations obtained in this study represent only strength and density 

of  lightweight concrete, more studies to other properties are required in order to have 
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Fig 3. Mathematical relations 

water cement ratios ( W/C ) of    0.35 , 0.40 , 0.45
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. Mathematical relations for compressive strength results for all mixing ratios (C/S) 

water cement ratios ( W/C ) of    0.35 , 0.40 , 0.45 

 

 

 

 

mixing ratios (C/S) and 
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 Fig. 4 Mathematical relations 

water cement ratios ( W/C ) of    0.35 , 0.40 , 0.45
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