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Abstract. The main objective of this study is to create a lightweight aggregate concrete (LWAC) with a low
thermal conductivity coefficient using expanded glass (EG) aggregate, produced from waste glass or crushed
expanded polystyrene waste, obtained by crushing waste packing tare of household appliances. Research related to the effects of the amount of Portland cement (PC) as well as EG aggregates and crushed expanded
polystyrene waste on physical (density, thermal conductivity coefficient, water absorption and capillary coefficient) and mechanical (compressive strength) properties of LWAC samples are provided.
Insulating LWAC based on a small amount of PC and lightweight EG aggregates and crushed expanded polystyrene waste, with especially low thermal conductivity coefficient values (from 0.070 to 0.098 W/
(m∙K)) has been developed. A strong relationship between thermal conductivity coefficient and density of
LWAC samples was obtained. The density of LWAC samples depending on the amount of PC ranged between 225 and 335 kg/m3. A partial replacement of EG aggregate by crushed expanded polystyrene waste,
results in relative density decrease of LWAC samples. In LWAC samples the increased amount of PC results
in increased compressive strength.
Keywords: lightweight aggregate concrete, expanded glass, crushed expanded polystyrene waste, thermal
conductivity coefficient, compressive strength, water adsorption, capillary coefficient.

Introduction
Lightweight aggregate concrete (LWAC) made from
expanded glass (EG) aggregate is one of the latest types
of concrete. The authors (Limbachiya et al. 2012) have
stated that EG has been used in construction applications as lightweight non- and semi-structural material. Because of the low density of EG aggregates, the
compressive strength of this material is relatively low
(Macedo 2011; Bumanis et al. 2013). The use of EG
aggregates in concrete production as partial replacement to natural aggregates has caused a decrease in
compressive strength compared to control mix. As
described before (Khatib et al. 2012), as the content
of EG aggregates increases in the composition, the
density value drops from 2328 kg/m3 for the control

mix to 1401 kg/m3 for the concrete with 100% of EG
aggregates and compressive strength value drops from
30.7 to 15.0 MPa. The studies indicate (Bumanis et al.
2013) that with the increase of EG aggregates in the
content from 300 to 400 kg/m3, the LWAC density
decreased from 685 to 561 kg/m3, thermal conductivity coefficient – from 0.163 to 0.140 W/(m·K), compressive strength – from 5.8 to 4.1 MPa. The density
of LWAC depends on the density and the amounts of
the lightweight materials used. It is possible to produce
LWAC using lightweight aggregates or air entraining
agents with a density as low as 70% less than normal
weight concrete (Mehta, Monterio 1993; Neville 2011;
Chi et al. 2013). The weakest component of LWAC is
not the cement matrix or the interfacial transition zone
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but the aggregates. So the mechanical performance of
LWAC is not only controlled by the cement matrix
quality but also by the aggregate volume in concrete
and the aggregate properties (Ke et al. 2009). For aggregates with density lower than 1000 kg/m3, the elastic modulus and the compressive strength of LWAC
are strongly affected by the volume fraction of aggregate. By incorporating such material in cement matrix
of LWAC compression strength could be limited due
to the EG aggregates compressive strength. Lightweight aggregate outer shell thickness, macro-porosity
and broken grains percentage all affect the aggregate
strength (Ravindrarajah 1999).
Expanded polystyrene (EPS) is also a potential
aggregate in LWAC. EPS and its waste are used for
various purposes (Bajdur et al. 2002; Laukaitis et al.
2005). The authors of (Khan 2002) indicate that by
replacing 10%, 20%, 30% of the coarse aggregate by
solid volume with EPS aggregate, the density of concrete reduces from 2455 to 2330 kg/m3, 2210 and
2080 kg/m3, respectively. It was shown that such EPS
aggregate concrete is more durable when it is subjected
to sulphate attack or freeze-thaw cycles. The studies
(Laukaitis et al. 2005) have determined that crushed
expanded polystyrene waste as well as EPS can be used
as the aggregate for an insulating LWAC. The density
of such LWAC was 150–170 kg/m3, thermal conductivity coefficient 0.060–0.064 W/(m∙K), compressive
strength 0.25–0.28 MPa. An insulating LWAC with
crushed expanded polystyrene waste was also tested
in a work (Sinica et al. 2008). The researchers found
that the insulating LWAC obtained with the density
ranging between 150 and 350 kg/m3 depending on
crushed expanded polystyrene waste content, had the
compressive strength of 0.09–0.42 MPa and bending
strength of 0.09–0.39 MPa. The thermal conductivity
coefficient of insulating LWAC varied from 0.048 to
0.095 W/(m∙K) in direct proportion to its density.

As it is seen from the literature analysis the application and research of EG and crushed expanded
polystyrene waste in LWAC is not sufficient. However
they have great potential of use, taking into account
the amount of mentioned waste and environmentallyfriendly nature. The density and thermal conductivity
coefficient of LWAC is high in the literature presented
above. In order to fully use the potential of aggregates
and receive a lower density value, LWAC must be developed using the materials of low thermal conductivity coefficient to fully fill the cavities in its structure,
e.g., crushed expanded polystyrene waste. However,
there was no enough information about the effects of
separate EG or EG and crushed expanded polystyrene
waste on the compressive strength, thermal conductivity coefficient, density and etc. of these LWAC in the
technical literature.
The main objective of this study is to create insulating LWAC with low thermal conductivity coefficient using EG aggregate, produced from waste glass
or crushed expanded polystyrene waste, obtained by
crushing waste packing tare of household appliances.
Research related to the effects of the amount of PC as
well as EG and crushed expanded polystyrene waste
on physical (density, thermal conductivity coefficient
and water absorption) and mechanical (compressive
strength) properties of LWAC samples are provided.
1. Materials and test methods of testing
1.1. Materials and their preparation
In this study as aggregates EG granules with varying fraction size of 0–2 mm, 4–8 mm, 8–16 mm and
crushed expanded polystyrene waste fraction of 0–2
were used. Physical and mechanical properties of aggregates are presented in Table 1. Ordinary Portland cement CEM I 42.5 R, compliant with requirements of the
standard LST EN 197-1 and produced by SC “Akmenės

Table 1. Physical and mechanical properties of different aggregates
Fraction, mm
Parameter (measurement units)

0÷2

4÷8

8÷16

290

140

120

15.0

0.077

0.059

0.052

0.042

Resistance to crushing (MPa)

1.2

1.1

1.0

–

The mass loss after 20 freezing and thawing cycles (%)

1.3

1.9

2.4

–

Water absorption by immersion (%)

10.0

9.5

8.0

–

EG
Bulk density (kg/m3)
Thermal conductivity at 10ºC (W/(m·K))

0÷2
Crushed expanded polystyrene waste
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cementas” was used. The specific surface of the PC –
4200 cm2/g, bulk density – 1.15 g/cm3, the start of setting – 140 min, the end of setting – 190 min, alkali
content – maximum 0.8%. Mineral composition in %:
C3S – 56.64, C2S – 16.72, C3A – 8.96, and C4AF – 10.59.
Superplasticizer (SP) “Castament FS-40” a free
flowing, spray dried powder of a polymerisation product based on polycarboxylate ester (pH – 6.5 to 8.5%)
was used.
As a pozzolanic additive – metakaolin-based
waste (MW) was used. It is a technogenic waste, generated in the JSC “Stikloporas” during the EG manufacturing process. The specific surface of MW – 8650
cm2/g, density – 0.48 g/cm3.
Air entraining admixture (AEA) “Ufapore TCO”
(white powder, pH ~ 8 of 5% water solution, the active
substance content of 94%) was used.
Different amount of mentioned materials were
used for preparation forming mixtures. The composite compositions were selected based on two things,
first of all was to get the lowest thermal conductivity
coefficient, the second to keep a minimum strength.
Selected aggregate ratio was 3:1:1 (large fraction of EG:
medium fraction of EG: small fraction of EG). During
the work the small fraction of EG was replaced by the
EPS waste. The compositions of forming mixtures of
insulating LWAC are provided in Table 2. All forming mixtures were prepared in a laboratory mixer with
vertical rotation axis by forced mixing with speed 125
rpm. The components were mixed until a homogenous
forming mixture was obtained. For determination of
the properties of hardened LWAC samples the moulds
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were kept in hermetic plastic bags for two days, then
the samples were demoulded and kept for 7 and 28
days (50% RH at 20±5 °C) in a laboratory conditions.
1.2. Density
The density tests were performed according to LST
EN 1602. The specimens of the size 100×100×100 mm
were cut out of the boards. Before testing, the specimens were stored for 24 hours at the temperature of
23±2°C and relative humidity of 50±5%.
Density r was determined by the formula:
r=

m
, kg/m3,
V

(1)

where: m is the mass of the specimen, kg; V – the specimens volume, m3.
1.3. Structure
In order to analyse macro (~20 times enlargement)
and micro (100 times enlargement) structure of composites, specimens of 40×40×40 mm were prepared.
The samples were inspected in a Zeiss EVO-50 EP
Scanning Electron Microscope (SEM).
Analysis was performed using the variable pressure mode at an accelerating voltage of 20 keV and
working distance of 10 mm to 15 mm.
1.4. Compression
The compression tests were performed according to
EN 826. Square test specimens with the side of 100 mm
were tested. The loading rate was (0.1ds±25%) mm/
min (where ds is the thickness of the specimen, mm).

Table 2. Compositions of forming mixtures of LWAC specimens
Used materials (measurement units)
PC

(kg/m3)

MW

(kg/m3)

SP (kg/m3)
AEA (kg/m3)
EG 8-16 mm

(kg/m3)

Composition codes
1

2

3

4

5

6

70

100

130

70

100

130

7

10

13

7

10

13

0.35

0.50

0.65

0.35

0.50

0.65

0.0175

0.0250

0.0325

0.0175

0.0250

0.0325

72

72

72

72

72

72

EG 4-8 mm (kg/m3)

28

28

28

28

28

28

(kg/m3)

58

58

58

–

–

–

Crushed expanded
polystyrene waste 0-2 mm (kg/m3)

–

–

–

5

5

5

Water (kg/m3)

14

28

40

46

53

68

EG 0-2 mm

Water/PC ratio

0.20

0.28

0.31

0.66

0.53

0.52

Fresh unit weight (kg/m3)

249.4

296.5

341.7

228.4

268.5

316.7
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The tests were conducted by using a computerised testing machine H10KS (Hounsfield, England).
The uncertainty of force measurement ranged from 1
to 11 N. The accuracy of movement of the cross head
was 0.01 mm. Such accuracy was sufficient for used
relatively large test specimens. Basic software package
QMAT Professional ver. 3.83 was used in testing. The
tests were conducted at the ambient temperature of
23±2°C and relative humidity of 50±5%.
1.5. Thermal conductivity
The investigations included loose fill EG granules with
varying fraction size from 0 to 16 mm, crushed expanded polystyrene waste of 0–2 mm and 6 types of
composite. The nominal thickness of loose fill materials and composites was 100 mm.
The measurement of all specimens thermal conductivity at mean temperature of 10°C was carried out
on samples dimensioned 500×500×100 mm according
to requirements of EN ISO 8302 and LST EN 12664
by quarded hot plate aparatus λ-Meter EP-500 (Germany).
The direction of heat flow was upward, the temperature difference between cold and hot plates made
15°C. Calibration of device was carried out on reference measures of thermal conductivity meant for expanded polystyrene (EPS). Samples were preliminary
brought to balanced hygroscopic moisture at temperature of 23±2°C and relative humidity of 50±5%.
1.6. Long-term water absorption
Water absorption tests were performed according to
LST EN 12087. Water absorption of composites was
determined in percent of volume for the immersion
during 24 hours.
The specimens of the size 100×100×100 mm, cut
out of the boards of 6 types of composite, were prepared. A certain number of specimens were placed in
an empty water tank and slightly pressed by a plate for
total immersion. The water was poured until the tap
face of the specimen was 50±2 mm below the water
level.
The total number of the test specimens was 36.
Before testing, the specimens were stored for 24 hours
at the temperature of 23±2°C and relative humidity of
50±5%.
According to LST EN 12087, water absorption
was determined using a method 2A based on drain-

age. A test specimen was taken out of the water tank
and placed on a mesh cage made of stainless steel and
forming chute with a slope of 45°. After 10±0,5 min of
drainage, the specimens were weighed.
Water absorption Wt(2A) was determined by the
formula:
mt − m0 100
,%
(2)
=
Wt(2 A)
⋅
rw
V
where: mt – the specimen mass after immersion over
the period of time t, kg; m0 – the initial mass of the
specimen, kg; V– the initial specimens volume, m3;
rw – water density equal to 1000 kg/m3.
1.7. Capillary coefficient
Coefficient of water absorption due to capillary action
of composite was determined according to EN 772-11.
The specimens of the size 100×100×100 mm were cut
out of the boards. Before testing, the specimens were
stored for 24 hours at the temperature of 23±2°C and
relative humidity of 50±5%. The specimens were immersed in water to a depth of 5±1 mm for the indicated duration of the test. After the immersion time
specimens were removed, their surface water was
wiped off and all specimens weighed.
The coefficient of water absorption, Cw,s, of the
material due to capillary action was calculated using
the following formula:
Cw , s
=

mso, s − mdry , s
As ⋅ t so

⋅106 , g/(m2·s),

(3)

where: As – the cross area of the face of the specimen
immersed in water, mm2; mso,s – the mass of the specimen in grams after soaking for the time t; mdry,s – the
mass of the specimen after drying, g; tso – the time of
soaking, s.
Coefficient of water absorption due to capillary
action of composite was determined after 90 minutes.
2. Research Results
2.1. Structure
View of macro and micro structures of lightweight
aggregate concrete are presented in Figure 1. In Figure 1a test specimen with EG aggregates is presented.
Air holes between EG granules are observed. The size
of such holes varies from 1 mm to 3 mm. When aggregates are mixed air holes are thoroughly filled by
crushed expanded polystyrene waste (Fig. 1b). As it is
stated in (Sinica et al. 2008), in large holes intensive
thermal conductivity is observed.
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a)

EG granules

c)
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b)

Crushed expanded
polystyrene waste

d)

Air gaps

PC paste

Fig. 1. View of lightweight aggregate composite: a – with EG aggregate; b – with mixed aggregate; c – contact zone between EG
granules; d – contact zone between EG and crushed expanded polystyrene waste particle

Contact zones between aggregates and binding
material are presented in Figure 1c and Figure 1d. In
Figure 1c different sized EG granules are connected by
binding material – Portland cement paste. Well contact zone between granules and binding material is
observed. In Figure 1d contact zone between crushed
expanded polystyrene waste and EG is presented. In
separate zones between crushed expanded polystyrene
particle and EG air holes are observed. It indicates
poor adhesion between crushed expanded polystyrene
waste and binding material.

rene waste, ranges between 225 and 309 kg/m3 (Fig. 2,
compositions 4, 5 and 6). In these LWAC samples, the
increase of PC amount from 70 to 100 or 130 kg/m3
resulted in an increase of the density by 24 and 27%.
A partial replacement of EG aggregate by crushed
expanded polystyrene waste, results in relative density
decrease by 9, 10 and 8% respectively, comparing with
LWAC samples only with EG aggregates which density
was assimilated to 100% (Fig. 3).

350

2.2. Density

325
Density (kg/m )

One of the main properties describing the LWAC samples is their density. Depending on the amount of PC,
the density of LWAC samples only with EG aggregate
ranges between 247 and 335 kg/m3 (Fig. 2, compositions 1, 2 and 3). As the amount of PC increases, W/C
increases as well. When the amount of PC increased,
the density of LWAC samples increases accordingly by
19 and 36%.
Density of LWAC samples, where a part of EG
aggregate is replaced by crushed expanded polysty-

EG
EG and crushed expanded polystyrene waste

300
275
250
225
200

2
1

5

3

6

4

175
150

70

130
100
Required amount of PC for 1 m (kg)

Fig. 2. Influence of the amount of PC on density of LWAC
samples of 1÷6 compositions
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Realative density decrease (%)

100
90
80
70

1

4

2

5

3

6

60
50

100
130
70
Required amount of PC for 1 m (kg)

Fig. 3. Influence of the amount of PC on relative density
decrease of LWAC samples of 1÷6 compositions

2.3. Compressive strength
Many studies show that LWAC samples do not have
high strength characteristics (Laukaitis et al. 2005;
Sinica et al. 2008; Kligys 2009). LWAC can be classified into different groups based on their density and
compressive strength (Kligys 2009). There are generally three types of LWAC: (1) lightweight aggregate
concrete (voids are mainly in aggregates); (2) cellular concrete and foam concrete (voids are in cement
paste) and (3) no fines concrete (sand is eliminated)
and voids are between coarse aggregate particles
(Wang et al. 2013). On a microstructural scale, LWAC
can be considered as a three-phase composite model
consisting of mortar matrix (or PC paste), aggregate,
and interfacial zone between PC paste and aggregate
(Lanzo, Garcia-Ruiz 2008). As the normal aggregate is
replaced by the porous one (EG or EPS), compressive
strength of LWAC is reduced due to lower strength of
mentioned aggregates (Lo et al. 2007; Yu et al. 2013).
Due to porous aggregates and matrix, and the absence
of fine sand in the fraction of aggregates, LWAC tested
in this work has all three above mentioned indications.
The developed LWAC of different composition
has different compressive strength, which depends on
the aggregate type, amount of PC and W/C ratio. The
air entrainment also has an influence on the low compressive strength of the LWAC samples.
In LWAC samples only with EG aggregate, increased amount of PC from 70 to 100 or 130 kg/m3,
results in increased compressive strength after 7 days
of hardening accordingly by 1.96 and 2.25 times and
ranged between 0.32 and 0.72 MPa (Fig. 4, compositions 1, 2 and 3). The compressive strength of LWAC
samples, where a part of EG aggregate is replaced by
crushed expanded polystyrene waste, increased twice

with the increase of PC amount and ranged between
0.31 and 0.62 MPa (Fig. 4, compositions 4, 5 and 6).
Research results of compressive strength after 28
days of hardening showed that in LWAC samples only
with EG aggregate (Fig. 5, compositions 1, 2 and 3),
the change is similar and ranges between 0.38 and
0.85 MPa (increased by 22.6–18% in comparison to
compressive strengths after 7 days of hardening). In
LWAC samples, where a part of EG aggregate was replaced by crushed expanded polystyrene waste (Fig. 5,
compositions 4, 5 and 6), the compressive strength
after 28 days of hardening ranged between 0.35 and
0.73 MPa (increased by 13–17.7% in comparison to
compressive strength after 7 days of hardening). It
can be explained by a poor adhesion of PC paste and
crushed expanded polystyrene waste (Laukaitis et al.
2005; Saikia, Brito 2012). It should be noted that W/C
ratio in these LWAC samples is higher, and also influences the loss of compressive strength as pointed
in works (Wong, Buenfeld 2009; Lo et al. 2007). The
values of compressive strength after 28 days of hardening of LWAC samples, where a part of EG aggregate

Compressive strength after 7 days (MPa)

EG
EG and crushed expanded polystyrene waste

EG
EG and crushed expanded polystyrene waste

0.8
0.7
0.6
0.5
0.4

2

5

3

6

0.3
0.2

1

4
70
100
130
Required amount of PC for 1 m (kg)

Fig. 4. Influence of the amount of PC on compressive strength
after 7 days of LWAC samples of 1÷6 compositions
EG
EG and crushed expanded polystyrene waste

0.9
Compressive strength after 28 days (MPa)
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0.8
0.7
0.6
0.5
0.4
0.3
0.2

2
1

5

3

6

4
70

100
130
Required amount of PC for 1 m (kg)

Fig. 5. Influence of the amount of PC on compressive strength
after 28 days of LWAC samples of 1÷6 compositions
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2.4. Thermal conductivity coefficient
As a moisture content affects the thermal conductivity
coefficient (Khan 2002), all the LWAC samples were
tested in a dry condition. It is known that the higher
ratio of voids the sample has, the lower is its density
and thermal conductivity coefficient (Bouguerra et al.
1998). Research results of the physical properties of
LWAC samples with different aggregates and amount
of PC show that the thermal conductivity coefficient
linearly depends on their density (Fig. 6). In LWAC
samples only with EG aggregate, the thermal conductivity coefficient ranges between 0.073 and 0.097 W/
(m·K).
In LWAC samples, where a part of EG aggregate
is replaced by crushed expanded polystyrene waste,
the thermal conductivity coefficient is reduced due to
the lower density and porous structure of the crushed
expanded polystyrene waste aggregate. Porosity is one
of the factors affecting the thermal conductivity coefficient of LWAC. Low thermal conductivity of air
entrapped in closed pores results in reduced thermal
conductivity coefficient of LWAC (Demirboga, Gul
2003). The researchers (Laukaitis et al. 2005) have
studied the LWAC with EPS aggregate and determined that the lowest value of thermal conductivity
coefficient (0.060 W/(m·K)), was obtained for a LWAC
with the ratio of PC to fine EPS being 1:3 (Laukaitis
et al. 2005). A partial replacement of EG aggregate
by crushed expanded polystyrene waste increases the
amount of closed pores in LWAC samples because of
different pore nature of mentioned aggregates leading
to reduced thermal conductivity coefficient. Thermal
conductivity coefficient of these LWAC samples ranges
between 0.071 and 0.087 W/(m·K). Research results
confirm that EPS and crushed expanded polystyrene
waste can significantly improve the thermal conductivity coefficient of LWAC samples of various compositions in a wide range.

Thermal conductivity coefficient (W/(mЧK))

is replaced by crushed expanded polystyrene waste, is
by 8, 10 and 14% lower comparing to the values of
analogous LWAC samples only with EG aggregate. Research results (Laukaitis et al. 2005) of LWAC samples
with EPS aggregate of similar density (150–300 kg/m3)
have showed that their compressive strength ranges
between 0.25–0.55 MPa. For LWAC, the compressive
strength is strongly connected with their density (Yu
et al. 2013), and it decreases (increases) with the decrease (increase) of a density.
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0.1000
3
0.0900

6
5

0.0800
4
0.0700
220

2

1
240

260

280
300
Density (kg m )

320

340

360

Fig. 6. Influence of the amount of PC on density and thermal
conductivity coefficient of LWAC samples of 1÷6

There is a clear tendency also noted by other authors (Ünal et al. 2007; Ashworth, T., Ashworth, E.
1991; FIP State of Art Report 1978) that the increase
of amount of PC increases thermal conductivity coefficient of LWAC samples. As it is seen in Figure 6 and
Equations (4) and (5), there is a strong relationship
(R2 – 0.997 and R2 – 0.995) between the density and
thermal conductivity coefficient of LWAC samples. Average square deviations (Sr) are 0.000369 and 0.000818
W/(m∙K), respectively.
For LWAC samples (compositions 1, 2 and 3), the
Equations:
	l10 = 0.00228 + 0.00001·r,

(4)

with R2 – 0.997 and Sr – 0.000369,

where: r – the density of the specimen, kg/m3; l10 –
the thermal conductivity coefficient of the specimen,
W/(m·K); R2 – the correlation coefficient; –- standard
deviation.
For LWAC samples (compositions 4, 5 and 6), the
equation is:
	l10 = 0.00641 + 0.00027·r,

(5)

with R2 – 0.995 and Sr – 0.000818č

where: r – the density of the specimen, kg/m3; l10 –
the thermal conductivity coefficient of the specimen,
W/(m·K); R2 – the correlation coefficient; Sr – standard deviation.
2.5. Water absorption
Research results of water absorption of LWAC samples
after 24 hours are presented in Figure 7. It shows that
regardless of the aggregate used, as the amount of PC
is increased, higher density and lower water absorption of LWAC samples is obtained. It also confirmed in
works (Lo et al. 2007). The water absorption of LWAC

EG
EG and crushed expanded polystyrene waste

Water absorption after 24 hours (%)

11
10
9
8
7
6
5
4

1

4

2

5

3

6

3
2
1
0

Capillary coefficient after 90 minutes (g/m� )
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EG
EG and crushed expanded polystyrene waste

0. 6
0.5
0.4
0.3
0.2

1

4

2

5

3

6

0.1

130
100
70
Required amount of PC for 1 m (kg)

70

130
100
Required amount of PC for 1 m� (kg)

Fig. 7. Influence of the amount of PC on water absorption
of LWAC samples of 1÷6 compositions

Fig. 8. Influence of the amount of PC on capillary coefficient
of LWAC samples of 1÷6 compositions

samples only with EG aggregate decreased from 9.9 to
8.4% after the increase of amount of PC from 70 to
130 kg/m3.
In the LWAC samples where a part of EG aggregate is replaced by crushed expanded polystyrene
waste, increased amount of PC, results in decreased
(from 8.5 to 7.4%) water absorption, comparing with
the LWAC samples with only EG aggregate. A partial
replacement of EG aggregate by crushed expanded
polystyrene waste increases the amount of closed pores
in LWAC samples because of different pore nature of
mentioned aggregate (crushed expanded polystyrene
waste practically do not absorb water) leading to reduced water absorption.
Water absorption of LWAC samples of all 6 compositions is not high, because of low water absorption
of EG aggregate. It is important with regard to the fact
that high water absorption can affect the durability of
the LWAC since most of the aggressive substances are
transported with water (Lanzo, Garcia-Ruiz 2008). The
obtained results of water absorption of LWAC samples
mean that special coatings by commercially available
water proofing materials, which may prevent the capillary absorption of water, will not be necessary (there
will be no additional costs).

panded polystyrene waste, after 90 minutes was a little
bit higher comparing with LWAC samples only with
EG aggregates. Increased amount of PC, results in
decreased capillary coefficient of LWAC samples and
ranged between 0.53 and 0.40 g/m2s (Fig. 8, compositions 4, 5 and 6).
The amount of PC does not have a significant effect on a capillary coefficient of LWAC samples as PC
adheres well to the porous surface of EG aggregate and
coats it well (the capillary coefficient of EG aggregates
is not high either).
Research results (Sinica et al. 2008) of LWAC
samples with crushed expanded polystyrene waste of
similar density show that if the density of LWAC samples ranges between 150 and 350 kg/m3, the capillary
coefficient ranges between 1.5 and 0.47 g/m2s.
The data (UAB „Aeroc“ 2015) of LWAC products
of similar density presented by manufacturers indicate
that if the density is 425, 375 and 300 kg/m3, the capillary coefficient accordingly is 1.10, 1.04 and 0.986 g/
m2s.

2.6. Capillary coefficient
Research results have showed that depending on the
amount of PC, the capillary coefficient of LWAC samples only with EG aggregate after 90 minutes was practically the same – 0.4 g/m2s (Fig. 8, compositions 1, 2
and 3).
The capillary coefficient of LWAC samples, where
a part of EG aggregate is replaced by crushed ex-

Conclusions
1. Insulating LWAC based on a small amount of PC
and lightweight EG aggregate and crushed expanded polystyrene waste, with especially low thermal
conductivity coefficient values (from 0.070 to 0.098
W/(m∙K)) has been developed. A strong relationship between thermal conductivity coefficient and
density of LWAC samples was obtained.
2. In LWAC samples increased amount of PC results
in increased thermal conductivity coefficient. In
LWAC samples only with EG aggregate, depending
on the amount of PC, the thermal conductivity co-

Engineering Structures and Technologies, 2016, 8(1): 31–40

3.

4.

5.

6.

7.

efficient ranges between 0.074 and 0.098 W/(m∙K).
In the LWAC samples where a part of EG aggregate
is replaced by crushed expanded polystyrene waste,
depending on the amount of PC, the thermal conductivity coefficient ranges from 0.070 to 0.086 W/
(m∙K).
In LWAC samples increased amount of PC results
in increased compressive strength. The values of
compressive strength after 28 days of hardening of
LWAC samples, where a part of EG aggregate is replaced by crushed expanded polystyrene waste, depending on the amount of PC, are by 8–14% lower
comparing to the values of analogous LWAC samples only with EG aggregate.
Density of LWAC samples only with EG aggregate
ranges between 247 and 335 kg/m3. In the LWAC
samples where a part of EG aggregate is replaced by
crushed expanded polystyrene waste, density ranges between 225 and 309 kg/m3. In LWAC samples
a partial replacement of EG aggregate by crushed
expanded polystyrene waste, depending on the
amount of PC, reduces the density accordingly by
9–15%.
The increase of amount of PC reduces water absorption, irrespective of the type of aggregate used
in LWAC samples. In LWAC samples a partial replacement of EG aggregate by crushed expanded polystyrene waste decreases the water absorption due
to lower density of samples.
In LWAC samples only with EG aggregate, the increase of amount of PC has no effect on the capillary
coefficient. In LWAC samples a partial replacement
of EG aggregate by crushed expanded polystyrene
waste, slightly increases the capillary coefficient. The
capillary coefficient of LWAC samples is less affected
by the amount of PC than by the type of aggregate.
Due to low compressive strength, densities and
thermal conductivity coefficients, concretes obtained in this work can be classified as thermal insulating LWAC. The wide range of low thermal conductivity coefficients and densities, combined with
the ability to cast in any desired shape, enables to
create LWAC as a very suitable material for using as
flooding insulation in partitions of civil and industrial buildings. It shows that LWAC presented in this
study are competitive.
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