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ABSTRACT 

 In this research, we investigated the possibility of using polystyrene as 

lightweight aggregate by taking advantage of its low density. Waste polystyrene 

foam was modified and sintered in a furnace at temperatures ranging from 130 

°C to 220 °C. During the sintering process, polystyrene underwent 97% 

shrinkage and become harder. To determine the strength of MPS aggregate, a 

modified compression test was used since the conventional tests used to 

determine the strength of normal aggregate were not applicable to the 

lightweight aggregate. An attempt was made to determine the strength of the 

MPS aggregate using the aggregate crushing value (ACV) test. However, the 

MPS aggregate hardened and agglomerated, making it impossible to determine 

its ACV. It appears that MPS has significant potential for use as an artificial 

lightweight aggregate. 
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1. INTRODUCTION 

 Polystyrene has become a phenomenon in the packing world. It is light, 

practical, economical, and sanitary, significant factors for food packaging. But it 

inevitably becomes waste, and, although many organizations have campaigned 

for action to reuse the waste, no significant actions have been implemented. 

Since polystyrene is a non-biodegradable material, it creates significant 

environmental concern. 

 On the other hand, natural lightweight aggregates have sustainability 

problems. To reduce the dependence on natural lightweight aggregates, which 

are rather limited in their geographic distribution (Alexander & Mindess, 

2005a), many researchers have conducted studies in attempts to produce new 

kinds of lightweight aggregates, especially from waste materials. 

 Polystyrene has the advantage of low density, and making a lightweight 

aggregate from polystyrene shows promise. Lightweight aggregate concrete 

could reduce building costs and make construction easier, as well as offering the 

advantage of being a relatively ‘green’ building material (Y.Lo et al., 2008). 

 The uses of lightweight concrete have been increasing, especially in the 

construction of high-rise buildings, off-shore structures, and long-span bridges, 

due to the advantage of its low density, which results in a significant benefit in 

terms of load bearing elements of smaller cross section and a corresponding 

reduction in the size of the foundation (Babu et al., 2006). 

 However, the strength of lightweight aggregate cannot be estimated 

adequately using current methods, such as the Los Angeles abrasion test for 

normal aggregates. The values obtained from these tests cannot be correlated 

sensibly with the strengths of concretes made using these aggregates. Thus, to 
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evaluate the effects of different lightweight aggregates on the strength of 

concrete, it is necessary to compare otherwise identical mixes (Alexander & 

Mindess, 2005b). 

2. METHODS  

2.1 Producing modified polystyrene lightweight aggregate 

 Common waste polystyrene foam is too large to fit into a crushing machine, 

so it must be cut manually into small pieces of about 60 mm –80 mm. Then, 

these pieces were sintered in a furnace at temperatures ranging from 130 °C to 

220°C for about three minutes. During the sintering process, polystyrene foam 

underwent 97% shrinkage and became harder. 

 The shape of the MPS was irregular, but, for purposes of compression 

testing, rectangular shapes were used. The initial dimensions of the pieces of 

waste polystyrene were 5 cm x 5 cm x 2.4 cm, but, after the sintering process, 

the dimensions varied according the sintering temperature. This dimension was 

designed to pass through a 20-mm sieve 20 mm regarding its shrinkage effect, 

since this project limited the size of the MPS aggregate to 14 mm to 20 mm.  

However, for the concrete mix, MPS aggregates were torn manually, so the size 

varied, making the grading test necessary. 

2.2 Compression test 

The conventional tests used to determine the strength of aggregates, such as 

aggregate crushing value (ACV), 10 per cent fines aggregate crushing test (10% 

FACT), aggregate impact value (AIV,) and the Los Angeles abrasion test, are 

not applicable because they require a certain amount of fine materials, whereas 

such fine materials cannot be obtained for the MPS aggregate because it hardens 

and agglomerates when a load is applied. 
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 Thus, to determine the strength of MPS, a modified compression test was 

used. Thus, the compression test for plate form was chosen, using a Universal 

Testing Machine (UTM) Gotech. 

The MPS aggregate was placed between the plates for the compression test, 

and input data, such as width, height, length, and weight of the aggregate, were 

provided as input to the computer. After the setup was completed, the load was 

applied to the MPS aggregate for about 30 seconds. The compressive strength 

was obtained by reading the results in the computer output. 

2.3 Aggregate crushing value (ACV) test 

 The aggregate crushing value is the amount of fine materials (>2.36 mm) 

produced by crushing, expressed as a percentage of the sample mass. Lower 

ACV values represent aggregates more resistant to crushing (Alexander & 

Mindess, 2005c). This test was based on the British Standard (BS) 812: Part 3: 

1975, in which the MPS aggregate was subjected to a uniform loading rate so 

that a force of 400 kN was reached in 10 minutes. 

 But in the UK and South Africa, this test is no longer widely used, because 

the ACV is sensitive to the strength of weaker aggregates, which tends to crush 

the test material before the maximum load can be achieved (Alexander & 

Mindess, 2005c). 

2.4 Bulk density 

 Bulk density was measured by determining the mass of the aggregate 

particles that occupy a certain volume, where the material is in bulk granular 

form and in a dry condition. In this project, the loose bulk density (LBD) form 

was used according to BS 3681: Part 2. 

Ρbulk = 
T

T

V

M
, 
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Where;  MT = Total mass of the granular sample (the mass of solids), g. 

  VT = Total volume occupied by the sample, cm3. 

3. RESULTS AND DISCUSSION 

From the compression test, the compressive strength of the MPS ranged 

from 34 MPa to 120 MPa, as shown in Figure 1.  Figure 1 shows the 

compressive strength of the sample MPS aggregate for different sintering 

temperatures. 
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Figure 1 : Compressive strength of the MPS aggregates with different 

sintering temperature (oC) 

 The strength of a material is defined as its ability to resist stress without 

failure (Mehta & Monteiro, 2005). Thus, even though the highest strength of 

MPS achieved was for the aggregate sintered at a temperature of 220°C (as 

shown in Table 1), the aggregate failed. In fact, the failure started for aggregates 

sintered at a temperature of 180°C. 

The bulk density of the MPS aggregate showed that greater bulk density 

was achieved by the MPS aggregates as the sintering temperature was increased. 



Mohd Mustafa Al Bakri Abdullah,  Mohammad Tamizi Selimin,  
Rafiza Abdul Razak & Zarina Yahya 

26 

Table 1. Compressive strength of MPS aggregate 

Sintering 

temperature 

(°C) 

Compressive 

Strength 

(MPa) 

Bulk 

Density 

(kg/m3) 

130 33.6 98.1 

140 47.2 125.6 

150 59.3 145.5 

160 59.5 162.5 

170 59.9 154.6 

180 59.8 202.4 

190 73.1 200.0 

200 90.8 207.2 

210 84.6 243.4 

220 117.4 270.1 

 

The optimum strength obtained by the MPS was 59.9 MPa, which was 

achieved by the aggregate sintered at a temperature 170°C. At temperatures 

above 180oC, the MPS aggregate had high strength, but it was more brittle. 

Figure 2 shows the aggregate failure after testing. 
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Figure 2: Failure results of MPS aggregate sintered at temperatures above 

180°C 

 Meanwhile, from the aggregate crushing value (ACV) test, results 

could not be obtained because the MPS aggregates simply compacted, as shown 

in Figure 3. 

 

Figure 3. Compacted MPS aggregate resulting from loading in the ACV test 
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4. CONCLUSIONS 

Even though conventional tests to determine the strength of normal 

aggregate are not applicable to lightweight aggregate, such as MPS aggregate, a 

modified compression test can be used. The aggregate plate form was used in 

this experiment and was design to pass through a 20-mm sieve, regarding 

aggregate size ranging from 14 mm to 20 mm. 

Although these are just preliminary experiments, modified polystyrene has 

potential to serve as an artificial lightweight aggregate because of its strength. 

From the compression test, the MPS achieved its optimum compressive strength 

of 59.9 MPa when the sintering temperature was 170 °C. 

Because it is a lightweight material, MPS aggregate will reduce the weight 

of building materials and reduce material handling cost for multi-story buildings. 

However, further research must be conducted to determine the real potential of 

this sintered polystyrene, especially at the concrete stage, such as the 

compressive strength of the concrete. 
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