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Abstract: Pumice aggregates stand out with their low den-
sity and high porosity. However, their high water retention
capacity and low mechanical strength are the primary dis-
advantages limiting their use in lightweight concrete pro-
duction. In this study, pumice aggregates with particle sizes
ranging from 4 to 16 mm were coated with polyester, known
for its superior adhesion and insulation properties, to pro-
duce polyester-coated pumice aggregates. Subsequently,
five different lightweight concrete mixtures were prepared
using 450 kg/m? cement, incorporating coated and non-coated
pumice aggregates as coarse aggregates at replacement ratios
of 0, 25, 50, 75, and 100%. Aggregate tests included specific
gravity and water absorption, while fresh concretes were eval-
uated for unit weight and slump. Hardened concretes were
tested for dry unit weight, water absorption, ultrasonic pulse
velocity (UPV), compressive strength, freeze—thaw resistance,
and thermal conductivity. The results revealed that the polye-
ster coating increased the specific gravity of pumice aggre-
gates by up to 45% and reduced water absorption by 85%.
The use of coated aggregates increased the unit weight of
the concrete but resulted in a reduction in compressive
strength and UPV. Despite a compressive strength reduction
of up to 58% depending on the coated aggregate content, con-
crete specimens produced with polyester-coated aggregates
exhibited the highest performance in terms of freeze—thaw
resistance and thermal conductivity.
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1 Introduction

The utilization of concrete requires care and attention
throughout its entire phases, commencing from the manu-
facturing phase and extending to its eventual application.
Concrete is by far the most common and widely used con-
struction material. It is versatile, adaptable, economical,
and, if properly made, durable [1]. In recent years, the con-
crete industry has experienced significant advancements in
technology, leading to the emergence of specialized con-
cretes. Special concretes are concretes designed to satisfy
various requirements in accordance with their intended
use and place of use. Structural lightweight concrete, heavy
concrete, self-compacting concrete, and concrete with insu-
lation properties are among the special concrete types [2].
The use of lightweight concrete, which is one of the
special types of concrete and stands out with its much
lower unit weight compared to conventional concrete in
the structural system of the buildings, reduces the dead
load and the horizontal earthquake forces acting on the
structure. Therefore, possible earthquake damages can
be reduced to a certain degree with the use of lightweight
concrete [3,4]. In addition, as the unit weight of concrete
decreases, the thermal conductivity also decreases [5].
Lightweight concrete can be produced through various
methods, including introducing a porous structure to the
cement paste (like foamed concrete), excluding fine aggre-
gates from the concrete mixture (like porous concrete), or
utilizing lightweight aggregates as replacements [6]. In the
lightweight concrete production process, artificial aggre-
gates such as expanded perlite, expanded clay, fly ash,
and shale, as well as natural aggregates such as pumice,
diatomite, raw perlite, volcanic tuff, and volcanic slag are
used. Although artificial aggregates were mostly used in
the production of lightweight concrete until the 1980s, later
natural aggregates were used due to energy costs [7].
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Aggregates, which are one of the basic components of
concrete, are approximately 75% by volume in concrete [8].
Pumice, one of the lightweight aggregates, is a glassy rock
type that gains a porous structure due to the sudden
cooling and gases in it, leaving the body of lava reaching
the earth as a result of volcanic activities. Pumice that has
numerous independent voids is characterized by its low
unit weight, low sound and thermal conductivity, great
resistance to external influences, and ease of production
[9]. While pumice finds application in various industries,
its predominant utilization is observed within the con-
struction industry. Pumice, which is a valuable raw mate-
rial due to its physical and chemical properties, has great
importance for the construction sector [10].

There are many studies in which volcanic pumice is used
as coarse and/or fine aggregate in concrete. When the studies
on lightweight concrete with pumice aggregate were
reviewed, it was determined that the dry unit weights of
mineral-added lightweight concrete produced by using
pumice as coarse aggregate ranged from 1,800 to 1,860
kg/m®, and their compressive strengths can reach up to
39 MPa [11]. Sancak et al reported that the unit weights of
concrete specimens produced using pumice aggregate and
silica fume-substituted cement (0, 5 and 10%) were
1,650-1,720 kg/m?’, water absorption rates were 5.8-8.25%, and
compressive strengths were in the range of 16.6-22.6 MPa [12].

Karthika et al. stated in their study that the water
absorption values of the concrete samples produced by
replacing coarse aggregate with pumice aggregate at dif-
ferent ratios such as 50, 80, and 100% were in the range of
1.6-4.1%, and compressive strengths were in the range of
6.9-38.4 MPa, and that the water absorption rate was high
and compressive strength was low in the samples pro-
duced with pumice aggregate [13]. Hossain et al. reported
that the unit weights of concrete specimens containing 50,
75, and 100% pumice (maximum size 12.5mm) as a coarse
aggregate substitute at normal weight varied between
1,850 and 2,180 kg/m® and 28-day compressive strengths
were 35, 31, and 27 MPa, respectively [14]. Tiirkmen et al.
indicated that the use of pumice in lightweight concretes
with different cement proportions and slump values
increased the freeze—thaw performance in their study in
which they used pumice aggregates as a replacement for
normal aggregates [15]. In a study in which coarse pumice
aggregate was used by replacing it with normal aggregate
(5, 10, 15, 20, 25, and 30%) and the freeze-thaw effect was
investigated, it was observed that the use of pumice at 10,
15 and 20%, respectively, gave the best results [16].

In a study where cement proportions (200, 250, 300,
350, 400, and 500 kg/m?), slump amount (3 +1,5+ 1, 7 +
1cm), and pumice ratio (0, 25, 50, 75 and 100%) were
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considered as variables, it was determined that the unit
weights were 1,330-2,270 kg/m3 and the thermal conduc-
tivity coefficients were in the range of 0.77-1.46 W/mK of
300 kg/m*® cement concrete samples at constant slump
values. It was pointed out that the thermal conductivity
decreased as the unit weight decreased [17]. Lynda Amel
et al. showed that when pumice is used as coarse aggregate,
the thermal conductivity of concretes can be changed
between 0.48 and 0.53 W/mK by substituting the standard
weight of fine aggregate type [18].

In a study, coated pumice aggregate with a mixture of
cement, pumice powder, and silica fume was used as
coarse aggregate, and concrete specimens with a unit
weight of 1,320 kg/m® a thermal conductivity coefficient
of 0.318 W/mK, a 28-day compressive strength of 21.6 MPa,
and a freeze—thaw resistance up to 100 cycles were devel-
oped [19]. Salli Bideci et al. coated coarse pumice aggre-
gates with three different polymers. As a result of the
polymer coating, the unit weight of the pumice aggregates
increased by up to 48%, while their water absorption rate
decreased significantly from 40% to as low as 2% [20].
Vahabi et al. employed PVA and SBR latex polymers to
coat scoria and leca aggregates for the production of light-
weight concrete. The study revealed that the water absorp-
tion rates of the lightweight aggregates were reduced by
82% following the coating process [21]. Ozgiiler et al. coated
coarse pumice aggregates obtained from two different
sources with a cement paste. They reported that, following
the cement paste coating, the water absorption rates of the
aggregates decreased by 50.49 and 78.32%, respectively [22].
Bideci et al. coated pumice aggregates with polyester resin
for use in lightweight concrete production. They observed
that the specific gravity of the aggregates increased by up to
17% after the polyester coating process, while the water
absorption rates decreased by up to 95% [23].

The literature review reveals that the high water
absorption capacity of pumice aggregates can be mitigated
by the application of various coating materials. However,
the number of studies focusing on the use of polymer-
coated pumice aggregates remains limited. The objective
of this study is to develop a novel lightweight aggregate by
reducing the high water absorption rate of pumice, a nat-
ural lightweight aggregate, through polyester coating.

2 Materials and methods

This study investigates the feasibility of using polyester-
coated aggregates in the production of lightweight con-
crete. In this study, pumice aggregates with a particle
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size of 4-16 mm were coated with polyester to produce
coated aggregates. Subsequently, five different series of
lightweight concrete samples with a cement dosage of
450 kg/m?® were produced using crushed stone aggregates
with a particle size of 0—4 mm, as well as coated and non-
coated aggregates with a particle size of 4-16 mm. The unit
weights and slump values of the fresh concrete were deter-
mined. Additionally, the dry unit weight, water absorption,
ultrasonic pulse velocity (UPV), compressive strength (at 28
and 90 days), freeze—thaw resistance (50 and 100 cycles),
and thermal conductivity of the hardened concrete sam-
ples were experimentally evaluated.

2.1 Materials

In this study, coarse aggregate polyester coated and non-
coated pumice with 4-8 and 8-16 mm grain sizes and fine
aggregate natural crushed stone sand with 0—4 mm grain
sizes were used. CEM I 42.5R cement manufactured in
accordance with TS EN 197-1 standard [24] was used as a
binder. At the end of the polyester coating process, marble
dust with a particle size of 100 um was used to separate the
aggregates. Chemical analysis of the mineral-based mate-
rials is given in Table 1.

The polyester resin employed in this research is an
unsaturated cast-based polyester. Polyester finds common
application in filled casting scenarios, such as in artificial
marble, owing to its notable filler acceptance and moderate
shrinkage attributes. Additionally, it is utilized in cases
where expedited curing and exceptional heat resistance
are not imperative. The mechanical and physical attributes
of the utilized polyester are detailed in Table 2 [25].

2.2 Polyester coating procedure of pumice
aggregates

Pumice aggregates intended for use in concrete mixtures with
polyester coating were separated into grain sizes of 4-8 and
8-16 mm and dried at 100°C for 24 h prior to the polyester
coating process. The coating process was carried out using a

Table 1: Chemical analysis of the materials used (%)
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spray method with a compressor generating 6-8 bar of air
pressure and a top-feed spray gun equipped with nozzle dia-
meters ranging from 0.8 to 2.8 mm. Plastic containers with a
diameter of 40 cm and a depth of 25 cm were used during the
coating process. Due to the dense consistency of the polyester,
it was diluted with cellulosic thinner at a ratio of 6% by weight
to facilitate spraying. The pumice aggregates were coated with
polyester in three layers to ensure full surface coverage. The
reason for applying three layers of polyester was to minimize
water permeability through the aggregate surface. The coated
aggregates were subsequently dried at 23 + 2°C for an average
of 96 h. Following these procedures, it is estimated that the
coating material on the surface of the pumice aggregates con-
sisted of approximately 80% polyester and 20% marble dust.
Polyester-coated and non-coated pumice aggregates are
shown in Figure 1.

2.3 Lightweight concrete mixture
proportions

A series of lightweight concrete mixtures with a cement
content of 450 kg/m* was designed using both polyester-
coated and non-coated pumice aggregates. The formulation
of the lightweight concrete mixtures adhered to the rules
specified in the TS 2511 standard [26]. In the mix design,
sand with a particle size ranging from 0 to 4 mm consti-
tuted 50% of the total aggregate volume, while aggregates
with particle sizes of 4-8 and 8-16 mm accounted for 30
and 20%, respectively. The coated pumice aggregates
replaced the non-coated pumice aggregates at volumetric
replacement ratios of 0, 25, 50, 75, and 100%. In the labeling
of the concrete series, the series in which all the pumice
aggregates were non-coated was designated as REF (refer-
ence), while the other series were named according to the
percentage of coated pumice (PC) in the mix.

For each concrete series, 18 cube specimens with
dimensions of 100 mm x 100 mm x 100 mm were produced
for various tests, including 6 specimens for compressive
strength tests (28-90 days), 3 specimens for UPV tests, 6
specimens for freeze-thaw tests, and 3 specimens for
water absorption and unit weight tests. Additionally, a
total of 15 prismatic specimens with dimensions of 300 x

Chemical composition Sio, Al,03 Fe,03 Cao Mgo K,0 Na,O0 SO3 Loss ignition
Pumice 65.75 13.85 2.90 2.90 0.75 2.85 2.80 — 4.25

CEM I 42.5R 18.75 5.02 2.50 64.05 1.15 0.76 0.25 3.15 3.80

Marble powder — — 0.02 31.10 23.20 0.01 0.51 — 45.29
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Table 2: Technical properties of the polyester

Elongation (tensile) Elongation (flexural) Flexural strength Modulus of elasticity Water absorption Density (g/cm?)
2.50% 5.94% 138 MPa 3,047 MPa 0.16% 1125

300 x 30 mm were produced to determine the thermal
conductivity coefficient. Detailed proportions of the light-
weight concrete mixtures are provided in Table 3.

In the study. the preliminary water absorption rates of
pumice aggregates were not factored in the mix calcula-
tion. Consequently, all mixtures were formulated with a
consistent water volume. Nonetheless, the obtained results
were scrutinized considering this particular aspect.

2.4 Methods

Specific gravity and water absorption tests for coated and
non-coated aggregates were conducted in accordance with
the TS EN 1097-6 standard [27]. To evaluate the workability
of fresh concrete, a slump test was performed following the
procedures outlined in the TS EN 12350-2 standard [28], while
a unit weight test was carried out in compliance with the
guidelines specified in the TS EN 12350-6 standard [29].

In the study, hardened concrete tests involved deter-
mining the dry unit weight and water absorption rates
following the conditions outlined in the TS EN 12390-7 stan-
dard [30]. Compressive strengths were specified according
to the TS EN 12390-3 standard [31] utilizing 100 mm x
100 mm x 100 mm cube specimens. UPV measurements
were carried out in accordance with the ASTM C 597

‘-‘\‘

Non-Coated
Pumice Aggregates

Figure 1: Non-coated and polyester-coated pumice aggregates.

Sprinkling marble powder on
the pumice to separate

standard [32]. In the freeze-thaw test, the concrete speci-
mens were placed in a freeze—thaw device for 50 and 100
cycles of freeze—thaw cycles after 28 days of water curing.
Each freeze-thaw cycle was performed in such a way that
the freeze—thaw device completed one cycle between +20
and -20°C in 6 h. The compressive strengths of the speci-
mens were determined after the freeze—thaw cycle.

The thermal conductivity coefficients of the concrete
specimens were determined in accordance with the ASTM
€518 standard [33]. In the experimental study, a LINSEIS
HFM300 thermal conductivity testing device was utilized.
The device was configured with the hot plate set to 30°C
and the cold plate set to 10°C, ensuring heat flow through
the concrete specimens placed between the plates without
any gaps. All concrete series were subjected to testing for a
fixed duration of 60 min, and their thermal conductivity
coefficients were measured.

3 Results and discussion

3.1 Aggregate tests results

The specific gravities of aggregates, determined based on
the volumetric displacement of water, and the water

Coated
Pumice Aggregates
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Table 3: Lightweight concrete mixture proportions (kg/m?)

Engineering properties and thermal conductivity of lightweight concrete

Series Aggregates sieve aperture (mm) Cement Water

Crushed sand Pumice

0-4 4-8 mm 8-16 mm

Coated Non-coated Coated Non-coated

REF 834.5 0 175.7 0 114.6 450 225
PC-25 834.5 63.8 131.8 37.2 86.0 450 225
PC-50 834.5 127.5 87.9 743 57.3 450 225
PC-75 834.5 191.3 43.9 111.5 28.7 450 225
PC-100 834.5 255.1 0 148.6 0 450 225

absorption ratios calculated relative to the oven-dry
weights of the aggregates are presented in Table 4. It was
observed that the specific gravities of the aggregates
ranged between 0.91 and 1.35 g/cm®. The specific gravities
of pumice aggregates increased with the coating process;
however, they remained below the maximum specific
gravity value for lightweight aggregates reported in the
literature (2.1 g/cm?).

Previous studies have reported that pumice aggregates
typically exhibit water absorption ratios ranging between
30 and 40%, which can be reduced to 2-10% through var-
ious polymer coatings [20]. For non-coated pumice aggre-
gates with a particle size of 4-8 mm, the water absorption
ratio was found to be 29.3%, whereas polyester-coated
pumice aggregates of the same particle size exhibited a
water absorption ratio of 4.4%. Similarly, for pumice aggre-
gates with a particle size of 8-16 mm, the water absorption
ratio of non-coated aggregates was 32.1%, while that of
polyester-coated aggregates was 4.8%. Remarkably, the
water absorption ratio of pumice aggregates decreased
by a factor of 5-6 following the polyester coating process.
This observation highlights the potential of polyester
coating applications to enhance the durability properties

Table 4: Specific weight and water absorption rates of pumice
aggregates

Aggregates Sand Pumice

Non-coated Coated

0-4mm 4-8mm 8-16mm 4-8mm 8-16 mm

Specific 2.65 0.93 0.91 1.35 1.18
weight
(g/cm?)
Water 1.60 29.30 32.10 4.40 4.80
absorption

(%)

of pumice by reducing its water absorption capacity. Addi-
tionally, the granulometry curve determined in accor-
dance with the TS 706 EN 12620 standard [34] is shown in
Figure 2.

3.2 Concrete tests results

The unit weight values of fresh concrete samples and the
results of the slump test conducted to evaluate the work-
ability of fresh concrete are presented in Table 5. The unit
weights of the fresh concrete samples ranged between
1,766 and 1,907 kg/m3. The lowest unit weight value of
1,766 kg/m® was recorded for the REF series, in which all
pumice aggregates remained non-coated. Comparatively,
an increase in the use of polyester-coated pumice aggre-
gates in the other concrete series resulted in higher unit
weight values.

The slump values of the fresh concrete samples varied
between 11 and 114 mm. It was observed that workability
improved with the increasing percentage of polyester-

100
90
80
70
60
50
40
30
20
10

(%)

o
=

Total Percentage Passin

0 025 0.5 1 2 4 8 16
Sieve Size (mm)

Figure 2: Granulometry curve of aggregates.
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Table 5: Unit weight and slump values of fresh concretes

Series Unit weight (kg/m3) Slump values (mm)
REF 1,766 Il

PC-25 1,829 19

PC-50 1,847 32

PC-75 1,871 70

PC-100 1,907 114

coated aggregates in the concrete mixtures. This improve-
ment can be attributed to the higher water absorption
rates of non-coated pumice aggregates compared to the
lower water absorption rates of polyester-coated pumice
aggregates. Since equal amounts of water were used in all
concrete mixtures, regardless of the water absorption
characteristics of the aggregates, the non-coated aggregates
absorbed part of the mixing water, thereby negatively
affecting the workability of the concrete.

Dry unit weight, water absorption, and UPV values of
the lightweight concrete series are given in Figure 3. It has
been observed that the PC-100 series specimens exhibit the
highest unit weight, measuring at 1825.5 kg/m?3. Within the
concrete series, it was noted that the dry unit weight values
correlate directly with the proportion of coated pumice
aggregate present in the concrete. As the percentage of
coated pumice aggregate increases, so does the unit weight
of the concrete. The dry unit weights of the PC-25 series, PC-
50 series, PC-75 series, and PC-100 series increased by 2.4,
3.7, 4.6, and 6.6%, respectively, compared to the samples
from the REF series.

The analysis of water absorption rates in the concrete
series revealed values ranging from 5.0 to 6.3%, with the
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REF series exhibiting the highest water absorption rate at
6.3% and the PC-50 series demonstrating the lowest rate at
5.0%. It was observed that all concrete series containing
polyester-coated pumice aggregates exhibited lower water
absorption rates compared to the control series without
polyester-coated pumice. This indicates that the polyester
coating process reduces water absorption not only in the
aggregates but also in the resulting concrete. However, a
linear reduction in water absorption rates was not
observed with the increasing content of polyester-coated
aggregates in the concrete series. This is thought to be due
to non-coated aggregates partially absorbing mixing water
and thereby altering the effective water-to-binder ratio.
Furthermore, the literature suggests that indirectly altered
water-to-binder ratios in concrete mixtures can influence
permeability properties [35]. Despite these findings, the
water absorption rates determined in this study align
with the ranges reported in the literature for lightweight
concrete, which typically range from 6 to 12% [36,37]. Addi-
tionally, the results meet the requirements suggested by
Neville and Aitcin [38,39], which propose a maximum
water absorption rate of up to 10% for high-durability
lightweight concretes.

The measurement of UPV, based on the propagation
speed of an ultrasonic wave pulse generated at the surface
of concrete, is a non-destructive testing method aimed at
assessing the homogeneity of concrete material and iden-
tifying structural defects such as cracks. This method is
widely employed in the evaluation of the physical and
mechanical properties of concrete, providing critical
insights into parameters such as elastic modulus, density,
and compressive strength [40-42]. The UPV test is

1850 s Dry unit weight

=8="Water absorption

== Ultrasonic pulse velocity 7

—
(o]
—
o
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1730

Dry Unit Weight (kg/m?)

1690

1753

1650
PC-25

1775
PC-50

[*)}

n
Water Absorption (%)
Ultrassonic Pulse Velocity (km/s)

BN

PC-75

Figure 3: Dry unit weights and water absorption rates - UPV of the samples.
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particularly effective for detecting irregularities and het-
erogeneities within the internal structure of concrete. The
velocity of sound waves traveling through the material is a
direct indicator of internal cracks, voids, or other struc-
tural imperfections. Higher pulse velocities indicate a
homogeneous and dense material structure, whereas
lower velocities suggest the presence of defects and voids
within the concrete [43].

Data obtained from UPV measurements indicate that
the ultrasonic pulse velocities of the concrete series range
between 3.62 and 4.02 km/s. The highest UPV was observed
in the REF series specimens produced with non-coated
aggregates. It was determined that ultrasonic pulse veloci-
ties decreased as the percentage of coated aggregates in the
mixture increased. Compared to the REF-labeled control
series, the ultrasonic pulse velocities of the PC-25, PC-50,
PC-75, and PC-100 series specimens decreased by 2, 5, 8,
and 10%, respectively. The literature reports that concrete
produced with aggregates having smoother surfaces
exhibit higher UPV values [44]. The smoother surface of
polyester-coated aggregates compared to non-coated
aggregates supports these UPV values. Moreover, it is
hypothesized that the partial absorption of mixing water
by non-coated aggregates and the higher effective water-
to-binder ratio in concrete series produced with polyester-
coated aggregates are the primary factors contributing to
this phenomenon.

An inverse relationship was observed between the dry
unit weights of the concrete series and their ultrasonic
pulse velocities. This can be explained by the fact that
although coated aggregates possess a higher specific
gravity, their relatively smoother surface characteristics

Engineering properties and thermal conductivity of lightweight concrete
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and the higher effective water-to-binder ratios in the mix-
tures significantly influence this relationship.

The 28- and 90-day compressive strength test results,
along with the dry unit weights of the concrete series, are
presented in Figure 4. An analysis of Figure 4 reveals that
the REF series specimens exhibited the highest compres-
sive strength of 28.1 MPa after 28 days, while the PC-100
series specimens showed the lowest value of 11.8 MPa. A
reduction in compressive strength was observed with the
increasing proportion of polyester-coated pumice aggre-
gates in the concrete series. This decrease in compressive
strength is attributed to two main factors: the partial
absorption of mixing water by non-coated aggregates,
which alters the effective water-to-binder ratio, and the
smoother surface morphology of polyester-coated pumice
aggregates compared to non-coated aggregates, leading to
reduced adhesion at the cement—aggregate interface. Con-
crete produced with coarser aggregates featuring rougher
surfaces typically exhibits enhanced interfacial bond
strength and improved mechanical performance [45-47].
Compared to the REF series, the compressive strengths of
the PC-25, PC-50, PC-75, and PC-100 series specimens were
reduced by 28, 34, 43, and 58%, respectively. Regarding the
90-day compressive strength results, the highest value was
obtained in the REF series specimens at 32.2 MPa, while the
lowest value was observed in the PC-100 series specimens
at 18 MPa. When compared to the REF series, the compres-
sive strengths of the PC-25, PC-50, PC-75, and PC-100 series
specimens decreased by 20, 35, 39, and 44%, respectively.

A comparison of compressive strengths over 28- and
90-day periods revealed that all concrete series exhibited
an increase in compressive strength at 90 days. Among

1850 mmm Dry unit weight  =4==28 Days =@=90 Days | 35
322
30
__ 1810 28.1 =
E! 25 S
< g
%;-111770 20 &
B =
= n
@ 15 2
'g 1730 g
B =y
A 10 g
1690 O
5
1712 1753 1775 1790 1825
1650 e — — — e 0
REF PC-25 PC-50 PC-75 PC-100

Figure 4: Dry unit weights and compressive strength (28-90 days) of the samples.
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these, the PC-100 series specimens demonstrated the most
significant increase, with an impressive 52% increase in
compressive strength compared to their 28-day results.
This was followed by the PC-25 series with a 28% increase,
the PC-75 series with a 22% increase, the REF series with a
15% increase, and the PC-50 series with a 13% increase.
These results suggest that the use of polyester-coated
aggregates may delay the process of achieving ultimate
strength. Furthermore, the lower strength gain observed
in the PC-50 series compared to the REF series has been
attributed to the heterogeneous nature of the concrete.

According to TS EN 206 + A2 standard [48], the com-
pressive strength of lightweight concretes can be in the
range of 9-88MPa for 28-day cube specimens and
8-80 MPa for 28-day cylinder specimens. When the experi-
mental results are examined, it is seen that the compres-
sive strength values for 28-day concrete specimens are
between 28.1 and 11.8 MPa. Considering this situation, it
was determined that the concrete series produced con-
formed to the standard, and the compressive strength
classes were LC 25/28 in the REF series, LC 16/18 in PC-25
and PC-50 series, LC 12/13 in the PC-75 series and LC 8/9 in
PC-100 series. Among the concrete series, it was deter-
mined that the 28-day compressive strengths of the REF,
PC-25, and PC-50 series specimens fulfill the condition of
being a structural lightweight concrete stated as 17 MPa in
the literature, while the 28-day compressive strengths of
the PC-75 and PC-100 series specimens do not fulfill this
condition [49]. However, when the 90-day compressive
strengths of the concrete specimens were analyzed, it
was observed that all concrete series had compressive
strengths over 17 MPa.

— — (38 (o8] P
(=} n (=} [ (=}

Compressive Strength (MPa)

wn
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In general, there is a positive correlation between con-
crete unit weight and compressive strength [50-53]. However,
in the present study, the opposite trend was observed. This
phenomenon is attributed to the fact that, although coated
aggregates possess a higher specific gravity, their altered sur-
face characteristics and indirect influence on the properties
of the concrete mixture contribute to this deviation.

The compressive strengths of the specimens after 50
and 100 cycles of freeze—thaw cycles are given in Figure 5.
It is known that negative environmental conditions such as
freeze-thaw adversely affect the durability properties of
concrete, cause deterioration in concrete and reduce con-
crete performance [53-55]. The concrete specimens pro-
duced within the scope of the study were subjected to
two different freeze-thaw cycles, 50 and 100 cycles, to
determine their resistance to freeze-thaw effects. No rup-
ture or mass loss was observed in the concrete specimens
after freeze-thaw cycles. The compressive strengths of the
concrete specimens exposed to freeze—thaw cycles were
determined.

Specimens from the REF (29.1 MPa) series exhibited the
highest compressive strength following 50 cycles of freezing
and thawing, while those from the PC-100 (12.5MPa) series
displayed the lowest compressive strength. An analysis of the
compressive strengths of specimens after 50 cycles of freezing
and thawing revealed that, compared to the 28-day compres-
sive strengths, certain specimens exhibited an increase in
compressive strength while others experienced a decrease.
After 50 cycles, compressive strengths increased by 3.4% in
REF specimens, increased by 4.6% in PC-25 specimens,
decreased by 3.9% in PC-50 specimens, unchanged in PC-75
specimens, and increased by 5.8% in PC-100 specimens. Since

i 50 cycle mmmm 100 cycle ==28 Days

PC-75

PC-100

Figure 5: Compressive strength of samples before and after freezing and thawing.
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these changes in compressive strengths are very small, it is
assumed that this situation is related to the heterogeneous
structure of concrete rather than freeze—thaw cycles.

Comparing the 28-day compressive strengths of the
concrete specimens with the compressive strengths after
100 cycles of freezing and thawing, it was found that REF
series specimens increased by 1.9%, PC-25 series specimens
increased by 19.7%, PC-50 series specimens decreased by
2.8%, PC-75 series specimens decreased by 8.6%, and PC-100
series specimens decreased by 8.9%. Based on 100 cycles of
freeze-thaw cycles, the compressive strengths of all series
except the PC-25 series decreased among the concrete series
containing polyester-coated aggregates. The increase
observed in the PC-25 series is thought to be associated with
the heterogeneous nature of the concrete. Furthermore, as
shown in Figure 5, the high standard deviation of the corre-
sponding data supports this observation. Researchers have
indicated that the freeze and thaw resistance of concrete
can be increased by the use of lightweight aggregates in cer-
tain proportions in concrete. In addition, they stated that the
increase in compressive strength after the freeze—thaw cycle
could be attributed to the escape of excess water into the
pores in the lightweight aggregates during the freezing event
[56,57]. Polyester coating reduced the water absorption rate of
aggregates. Therefore, the possibility of water infiltration into
the aggregate voids was largely eliminated. Considering this
situation, it is seen that the compressive strengths of the PC-
50, PC-75, and PC-100 concrete series decreased by 2.8, 8.6, and
8.9%, respectively, after 100 cycles of freeze—thaw.

The thermal conductivity of aggregates depends on
their porosity and mineralogical composition. In their
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study, Holm and Bremner reported that the thermal con-
ductivity coefficients of normal-weight concrete with an
average unit weight of 2,400 kg/m® range between 1.4 and
2.9 W/mK, whereas lightweight concretes with an average
unit weight of 1,850 kg/m?® have thermal conductivity coef-
ficients ranging from 0.58 to 0.86 W/mK [58]. In a similar
study, lightweight concretes with unit weights ranging
from 1,440 to 1,890 kg/m? exhibited thermal conductivity
coefficients between 0.70 and 1.36 W/mK, while normal-
weight concretes demonstrated higher values. The same
study reported that, depending on the properties of the
aggregates used, the thermal conductivity coefficients of
lightweight concretes were 40 to 53% lower than those of
normal-weight concretes [59]. Bideci et al. noted that the
thermal conductivity of lightweight concretes produced by
replacing polyester-coated pumice and non-coated pumice
aggregates at ratios of 0, 50, and 100% ranged between
0.227 and 0.269 W/mK [23].

The thermal conductivity coefficients, unit weights,
and compressive strengths of the lightweight concrete
series are presented in Figure 6. An evaluation of the
thermal conductivity measurement data indicates that
the coefficients range between 0.246 and 0.300 W/mK.
The lowest thermal conductivity coefficient, 0.246 W/mK,
was observed in the PC-25 series, while the highest value,
0.300 W/mK, was recorded in the PC-100 series. Compared
to the reference series, the thermal conductivity coeffi-
cients of the specimens decreased by 11 and 2% in the
PC-25 and PC-50 series, respectively. In contrast, an
increase of 7 and 9% was observed in the PC-75 and PC-
100 series, respectively.

0,350 —#—Thermal Conductivity =e=Compressive Strength 30
0.330
20310 % g
g 0.29 =
= a0 =
S 0270 s
S 0,250 15 &
) >
8 0.230 o 5
= 2
é 0.210 &
L) =
= 0.190 5 8
0,170
0.150 0
1712 1753 1775 1790 1825
(REF) (PC-25) (PC-50) (PC-75) (PC-100)

Dry Unit Weight (kg/m?)

Figure 6: Thermal conductivity and compressive strengths of the samples.
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When examining all concrete series, no linear relation-
ship is observed among the thermal conductivity results.
The higher thermal conductivity coefficient of the REF
series compared to the PC-25 series has been associated
with the significant influence of the heterogeneous nature
of concrete on its thermal conductivity properties.
However, among the concrete specimens containing polye-
ster-coated pumice aggregates, an increase in thermal con-
ductivity was observed with the increasing proportion of
polyester-coated pumice. This indicates that as the unit
weight of concrete increases, the thermal conductivity
coefficient also increases. Under normal conditions, in
lightweight aggregate concrete, the thermal conductivity
coefficient is predominantly influenced by concrete den-
sity and moisture content, while the effects of aggregate
type, concrete grade, and cement content are much more
limited [60]. Numerous studies in the past have reported a
relationship between thermal conductivity and density,
with higher thermal conductivity coefficients corre-
sponding to increased density. Additionally, it has been
reported that concretes with higher porosity exhibit lower
thermal conductivity coefficients [61,62]. These findings are
consistent with the data obtained from the present study.

4 Conclusions

The results of the experiments conducted on lightweight
concrete produced with polyester-coated and non-coated
pumice aggregates are presented.

It was determined that the specific gravity of pumice aggre-
gates increased as a result of the polyester coating process,
while their water absorption rates decreased by nearly 85%.

Despite the water-to-binder ratio remaining constant
across all concrete series, the slump values of the fresh
concrete specimens varied between 11 and 114 mm, and
the unit weights of the fresh concrete ranged from 1,765
to 1,907 kg/m?.

The dry unit weights of the lightweight concrete produced
were found to range between 1,712 and 1,826 kg/m?, while their
water absorption rates were within the range of 5-6%. It was
observed that the concrete series containing polyester-coated
aggregates exhibited higher unit weights but lower water
absorption rates compared to the reference series.

The 28- and 90-day compressive strengths of the con-
crete specimens ranged from 11.8 to 28.1 MPa and from 18
to 32.2MPa, respectively. Concrete containing polyester-
coated pumice exhibited a slower development of ultimate
compressive strength. The ultrasonic pulse velocities of the
concrete specimens were measured to be between 3.62 and
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4.02km/s. A reduction in both compressive strength and
UPV was observed with the use of polyester-coated pumice.

According to the compressive strength data following
freeze—thaw cycles, a maximum change of 5% was
observed in strength values after 50 cycles. However, after
100 cycles, the high utilization of polyester-coated aggre-
gates had a negative impact on freeze-thaw resistance.

The thermal conductivity coefficients of the concrete
specimens were determined to range between 0.246 and
0.300 W/mK. A linear relationship was identified between
the unit weight and thermal conductivity for concrete spe-
cimens containing polyester-coated aggregates, except for
the REF series.

The study concluded that the produced concretes can
be utilized as lightweight concrete materials for non-load-
bearing walls and as an alternative to lightweight insula-
tion materials. To further evaluate the applicability of
polymer-coated pumice aggregates in concrete production,
future studies could focus on enhancing mechanical
strength properties and determining durability character-
istics in greater detail.
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