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Abstract. With the reduction in the permanent load on the structure and excellent insulation
properties, the lightweight foamed concrete is a potential thermal insulating building material to
counter the urban heat island effect, which increases the temperature of urban areas due to the
concentration of infrastructures constructed using conventional concrete that absorbs the solar
radiation. The lightweight foamed concrete whose dry density ranges from 400 kg/m3 to 1600
kg/m3, has lower thermal conductivity compared to conventional concrete. But reduced density
attributes to reduced compressive strength. In this study, to enhance the mechanical properties, the
foamed concrete of 1600 kg/m3 density is reinforced with polypropylene fibres (PP). Four
percentages of PP fibres, 0% (controlled), 0.2%, 0.25% and 0.30% were added into the foamed
concrete. The compressive strength as well as the thermal conductivity of foamed concrete
reinforced with PP fibres were determined. Based upon the findings, the optimum percentage of PP
was determined to be 0.20% which gave higher compressive strength while thermal conductivity of
foamed concrete was observed to decrease upon addition of PP fibres. Thus, addition of PP fibres
improves the thermal resistance in the foamed concrete along with enhancing the mechanical
properties.

1 Background
Metropolitan and urban areas where conventional
concrete is widely being used, faces urban heat island
(UHI) effect. UHI is the phenomenon in which higher
temperatures are developed in urban areas compared to
the temperatures of surrounding suburban and rural areas
[1]. Large surface materials such as concrete have
influence on the UHI [2, 3]. Solar radiation is absorbed
by conventional concrete, which stores the heat and
releases it later, that can either be during the daytime or
night-time. Urban area of 1 million and above dwellers
can be up to 1.3oC warmer than the adjacent rural areas,
while in night-time this difference can be up to 12oC [4,
5]. Foamed concrete is a solution to the raising UHI
effect in urban areas.
Air bubbles, introduced by the mixing of foaming
agent in foamed concrete, enables it to not only be
lightweight but also achieve thermal insulating ability.
Foamed concrete, being lightweight, helps in reducing
the self-weight which the conventional concrete has,
causing additional permanent load to the structure. The
foamed concrete can be obtained in wide range of
densities ranging from 400 to 1600 kg/m3 [6]. The
reduction in density however has a negative impact on
the compressive strength, it is a fact that by reducing the
density of concrete, the compressive also decreases.
Therefore, to improve the mechanical properties of
foamed concrete, polypropylene (PP) fibres is used to
*

reinforce the foamed concrete in this study. The addition
of PP fibres in foamed concrete helps increase the tensile
strength [7], controlling of post cracking which leads to
micro-cracks, toughness and improves the deformation
characteristics of the composite [8].

2 Literature Review
The conventional concrete is made up of mainly cement,
sand, coarse aggregates and water, and the dry density
ranges from 2200 kg/m3 to 2600 kg/m3 [9]. Although
conventional concrete is widely used in applications
ranging from buildings to pavements, bridges to dams,
the use of coarse aggregates in concrete, tends to
increase the self-weight of the concrete, ultimately
putting unnecessary permanent load on the structure,
while the surface of concrete absorbs more solar
radiation causing the UHI. The thermal conductivity of
2400 kg/m3 density concrete is 1.3 W/mK [10], which
allows the concrete to transfer heat absorbed to the
interior of the building and significantly raising the
energy consumption of the building.
Due to the UHI effect, people living in the cities are
more exposed to thermal stress compared to surrounding
rural areas. The intensity of UHI is maximum during
night-time when the temperature difference between
urban areas and that of rural can reach up to 10 oC [11].
Recent study [12] revealed that not only large cities but
also villages and small built-up urban areas can have
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higher temperatures than their surrounding areas, though
UHI is more common in where concentration of
infrastructure is. The concentration of construction and
human activities in urban areas are causes to UHI along
with global warming. Increase in UHI effect has
significant health risk for urban dwellers [13], due to
thermal stress an increase in mortality rate has been seen
[14]. Therefore, thermal insulating buildings are being
focused due to their resistance to heat flow which
reduces the energy consumption of the building,
ultimately reducing the UHI effect.
Foamed concrete has been known to construction
industry for its excellent thermal properties and reduced
self-weight apart from being fire-resistant and selflevelling concrete. The use of coarse aggregates is
eliminated in the foamed concrete making it lightweight
concrete and the reduced density helps in reducing the
self-weight. Air bubbles are introduced in the form of
foaming agent, which make it a porous structure and
have air voids in its matrix, while producing microporous which reduce the interfacial bonding and strong
plasticizing effect on the foamed concrete [15, 16]. The
thermal conductivity value for foamed concrete is lower
than conventional concrete, ranging from 0.1 W/mK for
300 kg/m3 density to 0.7 W/mK for 1600 kg/m3 density
[17, 18]. The lower conductivity of heat through the
foamed concrete is due to the air voids in the matrix
which slows down the flow of heat by restraining the air
from passing. Thermal resistance is created by the
trapped air which gives the foamed concrete its excellent
thermal insulating properties [17]. Although, reduction
in density of foamed concrete can lower the thermal
conductivity but it also reduces the compressive strength.
Micro-cracks develop in concrete with curing and
rapidly propagate upon applied stress resulting in low
tensile strength [8]. Reduction in density also increases
the micro-cracks in the foamed concrete. It has been
found that 500 kg/m3 density foamed concrete develops
more micro-cracks than 1000 kg/m3 [19, 20]. The
mechanical behaviour is affected by the development of
micro-cracks in foamed concrete.
To over-come cracks, the concrete is reinforced with
steel bars. Though these reinforcements help in reduction
in cracks but also increase the self-weight. Over the
years different fibres have been used to reinforce the
concrete, in replacement of steel bars. These reinforcing
fibres range from synthetically organic and inorganic
fibres to natural organic and inorganic fibres.

blast resistant buildings for the US Corps of Engineers
[8]. Both conventional concrete and foamed concrete has
seen the addition of PP fibres. A study [22] was carried
out on conventional normal concrete in which PP fibres
were added at 0.15%, 0.30% and 0.45% dosages and
steel fibres at 1% and 2%, based on the results it was
observed that 0.15% PP fibres achieved highest
compressive strength while 0.30% achieved maximum
flexural strength compared to controlled sample but
when steel fibres along with PP fibres were added the
compressive and flexural both increased. PP fibres
content of 0%, 0.05%, 0.10% and 0.15% were also
added as additives in foamed concrete of 1600 kg/m3 and
1800 kg/m3, it resulted in 0.15% achieving higher tensile
strength and interfacial adhesion between the foamed
concrete and PP fibres was observed [7]. 0% to 0.5%
with an increment of 0.1%, PP fibres by volume have
been used in lightweight concrete, which showed that
0.2% gained the highest compressive strength while
lightweight foamed concrete achieved the most the
tensile strength when 0.5% of PP fibres were added [23].
By adding PP fibres, it can prevent the formation of
microcracks or reduce its scale owing to the crack
arresting, thinning and crack bridging effect of the fibres
[24].

3 Experimental Method
3.1 Materials
Ordinary Portland cement (OPC), sand which was
passed through 5 mm, water, foaming agent and PP
fibres were used. The foaming agent was used to create
foam in a ratio of 1:20 (1 part of foaming agent and 20
parts of water). The water-cement ratio was taken as
0.55 while the sand-cement ratio was 2:1. In this study
the density of foamed concrete was maintained 1600
kg/m3. Four different percentages of PP fibres are
utilized in this study, 0% (controlled sample with no PP
content), 0.20%, 0.25% and 0.30% of PP fibres.
3.2 Procedure
The work procedure began with prepared materials for
every single set. OPC, sand and percentage of PP fibres
were mixed together in concrete mixer. Water was added
into the mixer, along with pre-foam generated by using
foamed generator and mixed together with cement
mortar in concrete mixer. The addition of foam was done
according to BS EN 12350-6:2009 [25] which continued
gradually until target density of 1600 kg/m3 was
achieved. Foamed concrete was formed and was poured
into the mould and kept for 24 hours.

2.1 Characteristics of Polypropylene Fibres
Polypropylene fibres, which are thermoplastic polymers,
are synthetically organic fibres which are produced when
a gaseous by-product of petroleum refining, known as
propylene, is polymerized. The propylene monomers are
converted into long chains of polymers during
polymerization. PP fibres are chemically inert,
hydrophobic and stable in alkaline environment of
concrete [21].
PP fibres have interestingly been used in concrete
since 1960’s with addition in concrete for construction of
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3.3 Experimental Test

4 Results

Compressive strength test conducted complied with BS
EN 12390-3:2009 [26]. The sample size for the test was
100 mm x 100 mm x 100 mm. Before conducting the
test, the sample was under air curing for 28 days. 12
samples have been prepared for the test. During the test,
an axial load was applied to the cube samples and
increased continuously without shock at a nominal rate
within the range from 0.2 N/(mm2s) to 0.4 N/(mm2s)
until the cube samples could not sustain further load. The
average compressive strength of each set of samples was
then recorded.
According to BS EN 12664:2001 [27], the panel
samples were tested for thermal conductivity using the
thermal conductivity apparatus shown in fig. 1. The
panel samples for the test were of 300 mm x 300 mm x
50 mm size. Before conducting the test, the samples
underwent air curing for 28 days. 8 samples had been
prepared for the thermal conductivity test. Each sample
had four holes drilled into its surface with depths of 10,
15, 20, and 30 mm, as shown in fig. 2, to insert the
thermocouples. The samples were then placed between
hot and cold plates. The temperature for cold plate has
been set at 18 ⁰C and the hot plate has been kept at 40 ⁰C
to simulate the exterior temperature and interior
temperature. The hot and cold plates have been covering
with one layer of barrier cushion while all sides of the
sample were insulated with cork sheet [28]. The
temperature of the hot and cold plate was recorded every
30 minutes for 24 hours.

4.1 Compressive Strength
The results of the compressive strength test on the cubes
are shown in table 1 represented graphically in fig. 3.
Table 1. Result of Compressive Strength
Target
Density
Kg/m3

1600

% of PP Fibres

Compressive
Strength (MPa)

0%

7.459

0.20%

10.783

0.25%

9.918

0.30%

7.775

Fig. 3. Compressive Strength vs. % of PP Fibres
Fig. 1. Thermal Conductivity Apparatus

From the results, it can be noted that with the
addition of 0.20% of PP fibres in the foamed concrete,
the compressive strength increases 44.6% compared to
the controlled sample. However, with the further
addition of PP fibres started to lose the compressive
strength but even at 0.30% PP fibres the compressive
strength was 4.23% higher than controlled sample.
Foamed concrete reinforced with PP fibres achieved
higher compressive strength compared to the controlled
sample. This gain in strength is due to PP fibres fill up
the voids which are created by air. Hence, bonding
mechanism between PP fibres and the foamed concrete
is achieved. However, it can also be noted that the
increase in PP fibres content beyond the determined
optimum dosage also reduced the compressive strength.
This may be due to PP fibres being hydrophobic

Fig. 2. Hole drilling on the surface of panels
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material, can retain water and as a result voids are
created. Moreover, the amount of fibre will obstruct the
void which will cause weak bonding between the
matrixes. Hence, the compressive strength will decrease.

lower the thermal conductivity. So, when more PP fibres
is added into foamed concrete, it will result higher
percentage of porosity. Hence, the thermal conductivity
will decrease when more PP fibres are added. However,
the sample with 0.25% PP fibres showed higher thermal
conductivity, this may be due to non-uniform
distribution of PP fibres in the concrete.

4.2 Thermal Conductivity
The thermal conductivity was conducted on the panels
and Table 2 and fig. 4 shows the results of thermal
conductivity of foamed concrete with different
percentage of PP fibres.

5 Conclusion
Based on the study, it can be concluded that:

Table 2. Result of Thermal Conductivity
Target
Density
Kg/m3

1600

% of PP Fibres

Thermal
Conductivity
(W/mK)

0%

0.68

0.20%

0.67

0.25%

0.71

0.30%

0.66

1. The optimum percentage of polypropylene fibres
needed to be added in 1600 kg/m3 density
foamed concrete to achieve the highest
compressive was 0.20%.
2. The compressive strength of foamed concrete
which contained polypropylene fibres achieved
higher strength compared to controlled sample
due to PP fibres filling in the air voids and
reinforcing the concrete.
3. The thermal conductivity of foamed concrete
decreased with the addition of polypropylene
fibres, this is due to polypropylene fibres being
hydrophobic in nature, retains water. When the
water is dried out the air occupies the voids
created. The more air voids the slower the
transfer of heat thus lower thermal conductivity
was obtained.
4. Thus, foamed concrete with the addition of
polypropylene fibres can act as thermal
resistance building material as with the addition
of
polypropylene
fibres
the
thermal
conductivity reduces as compared to the
controlled sample. The addition also improves
the mechanical properties of foamed concrete
The authors would like to thank the Universiti Tun Hussein
Onn Malaysia (STG-528) and Research Management Centre
(RMC) UTHM for the financial support for this project.
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