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Abgract. Particulate composite was prepared from a
mixture of cement, gravd and water with additions of a
polyepoxide and/or expanded polystyrene in powder. For
consolidation, each mixture was poured into a mold,
remaining for a short period and then removed. For
complete solidification the specimens were cured with
water during the final stage. The weight, compressive
drength and thermal conductivity of the composite were
determined.
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1. Introduction

One of the elements of masonry used in the
construction industry is the building block, because of its
resistance to compression and durability. However,
concrete block has limitations: it is relatively heavy and
possesses a poor thermal insulation. Such features can
give place to the collapse of the constructions during
seismic events; likewise, the intramural conditions are out
of the comfort zone in extreme climates [1-4].The
objective of this research is the improvement of the
physical properties of concrete block by means of the
addition of polyepoxide partides and/or expanded
polystyrene particles, with the purpose of presenting a use
option for this sort of industrial waste in the production of
lightweight masonry elements, that are able to limit the
transfer of heat and possess high resisance to
compression [5-7]. The aggregates used are polymers,
thermally stable, with physical properties [8] which will
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allow producing the material in study with the cited
qualities. With regard to the flammability of the utilized
polymers it must be considered that these aggregates are
encapsulated, practically; since the concrete contained in
them is acting as a facing material, this allows avoiding
the hazard when entering in contact with fire It is
necessary to remark that the polyepoxide that is used in
this study is a cured epoxy resin, whereas the expanded
polystyrene contains compounds that low the fire risk.
Therefore, it is possible to build the building blocks
ensuring fire safety using polyepoxide and/or expanded
polystyrene.

2. Experimental

2.1. Materials

The materials used in obtaining of the particulate
composite (concrete block + polyepoxide particles,
concrete block + expanded polystyrene) are stated as
follows. Composed Portland cement of fast resistance
CPC-30R with a relative density of 3.12 g/cm®, specific
surface of 4156 cm?/g, fineness M-325 of 96.5 %, initial
and final setting time of 158 and 310 min and chemical
composition of CaO (65.1%), SO, (20.2%), Al,O3
(4.1%), SO; (35%), Fe0O3 (3.4%), MgO (1%) and
others (2.7 %); gravel with the relative apparent density of
2.66 g/cm’ and the fineness modulus of 3.5; polyepoxide
particles as aggregate with a relative apparent density of
1.77 g/em® (3 mm particle size); expanded polystyrene
(EPS) as aggregate with the same preparation process
(3 mm particle size); water free of salts.

2.2. Methods

The epoxy resin was analyzed in order to determine
the feagibility of its usage as an aggregate. The result of
the analysis showed that this polymer is chemically inert,
noncorrosive, nonexplosive, nontoxic and nonflammable.
In order to standardize the particle size a cutting mill IKA
model MFLOBSL was utilized; the milling process was



Analysis of the Possibility of the Polymeric Aggregates Use in the Design of Building Block 117

carried out in agreement with the standard ASTM-C-33,
by establishing the rotation speed of 4000 rpm. Gravel
was sieved by employing meshes from 4 to 200 (4.76 mm
to 74 um); the fineness modulus of 3.5 was determined.

To remove residual humidity, the sieved gravel was
placed inside an electric furnace at 333 K for 24 h. Groups
of 11 types of mixtures were prepared; the mixture
composition of each group is presented in Table 1.

Tablel
Composition of prepared mixtures
Mixture Mixture composition, wt. % _
Cement Gravel Expanded polystyrene Polyepoxide

M1 10.64 89.36 - -
M2 18.98 79.81 121 -
M3 31.32 65.82 2.86 -
M4 13.64 85.92 0.44 -
M5 14.43 60.48 - 25.09
M6 17.45 36.57 - 45.98
M7 12.27 77.06 - 10.67
M8 35.69 - 227 62.04
M9 271.27 - 0.87 71.86
M10 51.01 - 4.66 44.33
M11 22.16 - - 77.84

Note in al cases the amount of water was 59.1 mi/kg

The mixtures were introduced into cylindrica
containers;, for the homogenization the containers were
put on rotational rollers following the standard ASTM-C-
192. The homogenized mixtures were poured into cubic
bronze molds (5x5x5 cm) without vibrating compaction
and left for 24 h before being removed from molds. Ten
particulate composites of each mixture were prepared and
cured in water for 28 days at room temperature before
being subject of study. The mixture M1 was considered as
the control sample, with the purpose of having the
reference values.

Measurements of the weight and density of the
particulate composite specimen were carried out by
utilizing a digital mass balance. Evauation of the
compressive strength was carried out in a hydraulic press
FORNEY LT 900/920, according to the standard
compression test ASTM-C-1009.

The compressive strength was determined by using
Eq. (1) [9].

Fc=PA? (1)
where Fc is the compressive strength of solid materials,
kg/cn; P is the load applied to the sample in study, kg; A
is the cross-section, e’

The thermal conductivity K of the particulate
composite specimen was determined according to
standard test method (ASTM-C-177) for heat flux in
steady estate, by means of the guarded-hot-plate apparatus
and referring to Fourier's law [8].

QA= K (AT/AX) @)

where Q/Ai s the heat flow per unit area, cal-s%cn; K is
the coefficient of thermal conductivity, cal/cm-sK; AT/Ax
is the temperature gradient over the thickness of the
sample, K/cm.

3. Results and Discussion

3.1. Physical Appearance

An important aspect is the physical appearance of
the obtained specimen, since the appearance is an
important aspect to market the product. Fig. 1 shows the
representative particulate composite specimens of 11
mixtures that were used in the study. It can be noted that
some specimens are presenting an acceptable physical
appearance (superficial texture), solidity and rigidity
visible and without loss of material on the surface
(samples M1, M5, M6, M7 and M11). The above
mentioned is the result of having utilized polyepoxide
particles, since these particles are very hard, rigid and
dense. Furthermore, this type of polymer exhibits an
excellent interaction with the other constituents of the
mixture, by including the cement and water.

On the contrary, the samples with high percentage of
expanded polystyrene, M2, M3, M8, and M10 have areas
with high porosity and some parts are not uniform (blocks
with unequal sides). This can be attributed to the physical
characteristics of the expanded polystyrene (low values of
hardness, strength, rigidity, and density) and poor interaction
with cement and water, the same as with the polyepoxide.
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Fig. 1. Physical appearance of the particulate
composite specimens of the utilized mixtures

3.2. Weight and Density

Fig. 2 shows the measurements of the average
weight and density of the specimens for each mixture
(shaded bars). It can be clearly seen that the density
decreases when replacing the gravel by polymer particles
and this decrease is directly proportional to the amount of
polymer added. In particular, the specimens
corresponding to mixture M10 attained the density
average of 0.64 g/cm®, which represents the reduction of
~76% in density with respect to control sample M1
(2.71g/em®), followed by the specimens prepared
according to mixtures M3, M8 and M9 with the density
reduction rates of 57.5, 60.5 and 48 %, respectively.

Fig. 2. Average values of the weight and density
of the specimen corresponding to each mixture

Another important aspect is that the expanded
polystyrene has more influence on the density of the
specimen than the polyepoxide This is due to the
differences in the physical characteristics among both
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polymers. For example, the specimen prepared with the
mixture 2 (50% gravel and 50 % expanded polystyrene)
attained the average density of 1.75 g/cm®, which represents
a reduction of 35.4 % with respect to the control samples
(M1), while the specimen that was prepared with the
mixture 5 (50 % gravel and 50 % polyepoxide) attained the
average density of 2.35 g/cm’, representing the reduction of
13.2 % with respect to M1 density.

It is necessary to mention that the observed result is
directly proportional to the amount of aggregate. As can
be observed in the specimens of the mixtures M3 and M6,
the density reduction difference is ~30%, while in the
specimens of the mixtures M4 and M7 the density
reduction difference is only 7.7 %. By completing the
analysis, the specimens of the mixture M11 (100 %
polyepoxide particles) got the average density of
1.79 g/em®, which represents a reduction in density of
34 % relative to the control sample. Finally, the measured
average densities are marked in the eeven types of
samples (black dots), as can be seenin Fig. 2.

3.3. Compressive Strength

Fig. 3 shows the results of the compressive strength
F c of the particulate compasite specimens corresponding
to each mixture after 28 days (shaded bars). According to
the results, the specimens elaborated with the mixture 1
(M1) exhibited the highest compressive strength with the
average value of 85.20 kg/cn’, followed by the specimens
of the mixtures M7 and M 11 with the values of 81.73 and
76.67 kg/cn?, respectively. It is important to mention that
for three types of evaluated specimens their maximal
resistance to compression are higher than the limit value
of 70kg/cn? (dash line), established by the Mexican
standard (Mexican norm NMX-C-404-ONNCCE-2012).
The effect of replacing gravel by the polyepoxide resin in
the specimens is clear, the higher content of polyepoxide,
the lower value of the compressive strength.

On the other hand, the specimens elaborated with
expanded polystyrene registered the lowest values of
resistance to compression. The specimens with the lower
value of compressive strength were those elaborated with
the mixtures M3, M8 and M 10 and their measured values
were 20.52, 17.60 and 9.32 kg/cn?, respectively. It is a
fact that the expanded polystyrene, by its physica
characteristics, reduces the density of the samples, as
discussed in the previous section. The use of this
polymeric material as aggregate can cause a reduction in
density of up to 76 %. However, the value of the
compressive strength of the samples is aso lowered. For
comparison, by referring to the specimens with
polyepoxide aggregates, the effect of reducing the
compressive srength is less critical. This result can be
attributed to the physical characteristics of this type of
polymer, especidly its hardness and rigidity.
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Fig. 3. Compressive strength and thermal conductivity of the
specimens after 28 days
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In order to verify that the mechanical behavior of the
cubic specimen is the same as that of the standard block,
smulations were performed by means of the SolidWorks
virtual platform [10] (Fig. 4). Fird, a virtua test of
compression was performed on the cubic block. A charge of
1925 kg on the upper face of the cube was assumed (Fig. 43).
For thetest, a safety factor of 1 was established and an dastic
limit of 150 kg/cm” was considered. By applying Eq. (1), the
value of compressive strength of 77 kg/cm? was obtained. In
the same way, atest of virtual compression on the standard
block (15x20x40 cm) was carried out. The maximum load of
23100 kg was assumed (Fig. 4b). Asin the previous case, by
applying Eq. (1), the value of 77 kg/cm? for the resistance to
compression was obtained. These results judtify the use of the
cubic specimen (Fig. 1) in the compression test, since the
mechanical response of the standard blocks is practically the
same.

fon Mises (kgem?)

T
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Fig. 4. Image of the blocks used in the Solid Works virtud platform: cubic block of 5x5x5 cm (a)
and standard block of 15x20x40 cm (b). For simulation uniformly distributed |oads on the upper face were assumed

3.4. Thermal Conductivity

The results in the determination of the thermal
conductivity K of the cubic specimens after 28 days of
curing are shown in Fig. (black dots). According to the
results, all cubic specimens presented a reduction in the
thermal conductivity with regard to the value determined
in the mixture M1, which showed a thermal conductivity
of 1.70 W/mK. The thermal conductivity of the specimens
that were elaborated with the mixture M10 were lower,
approximately 0.65 W/mK, representing the 62 %
reduction of this physical property. Likewise, the
specimens elaborated with the mixtures M3 and M11
showed very close values: 0.70 and 0.68 W/mK,
respectively. From the results it is clear that insertion of
polymeric particles into the specimens notoriously reduces
their thermal conductivity, especialy for M3 and M10,
which were elaborated with a high content of expanded
polystyrene. However, as it has been discussed, due to

their low density and poor rigidity the compressive
strength of such specimensis reduced.

On the contrary, in the case of specimen elaborated
with the mixture M11, besides presenting a reduction in
its thermal conductivity, its compressive strength is over
the established standard (70 kg/en?®). Finally, by
completing the analysis, the elaborated specimens with the
mixtures M4, M5 and M7 showed a reduction in the
thermal conductivity less marked than in the above cases,
by obtaining values of 0.98, 0.93 and 1.04 W/mK
respectively. This result can be attributed to the low

percentage of polymeric aggregates.
4. Conclusions
The analysis of the elaborated specimens with the

mixture M11 evidenced that is possible to replace the
gravel by polyepoxide particles in the production of
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masonry elements. For this group of samples, the obtained
average values of density, compressive strength and
thermal conductivity were 1.79 g/lcm?®, 76.67 kg/cn® and
0.68 W/mK, respectively. In regard to the control
specimen (M1), the values of density and thermal
conductivity represented the reduction of ~34 and 60 %,
respectively. Meanwhile, the compressive strength is
higher than the limit established by the Mexican standard
(70 kg/en). As for the physical appearance, it is observed
that the attained adherence among particles allows a
smooth superficial finish without rough areas and free of
porosity.

It was observed that the aggregates of expanded
polystyrene allowed the elaboration of lightweight
specimens with excellent thermal insulation. However, the
insertion of these polymeric particles reduced the
mechanical resistance to compression. As for the physical
appearance of this group, rough areas and presence of
porasity were seen on the faces of the specimens, which
reflects poor adherence among particles.

Based on the above-mentioned, the use of the
polyepoxide as a solid aggregate in the elaboration of
building blocks presents an alternative for the construction
industry. A great quantity of thistype of resin is discarded
in diverse factory processes. Therefore, the reuse of this
polymeric material would reduce the environmental
impact. Moreover, as an aggregate, it would provide a
sustainable composite product of low cost, the
characteristics of which would allow its application in the
construction industry.
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AHAJII3 MOXKJIMBOCTI BUKOPUCTAHHSA
INOJIIMEPHUX AT'PEI'ATIB ITPU ITPOEKTYBAHHI
BYAIBEJIBHOT'O BJIOKA

Anomauia. Bueomoeneno romnosumHuii mamepian 3
NOPOUIKOBUM HANOBHIOBAYEM 3 CYMIWL YeMEeHMY, 2pasito ma 600U 3
000aBAHHAM NOPOWIKY Honienokcudy malabo ninononicmupony. 3
Memot0  YWilbHeHH KOXCHY CyMil SUIUSANU 6 npec-ghopmy,
3QMUUAOYU NPOMALOM KOPOMKO20 Nepiooy, NICIA 4020 SUOANAIU.
Jia noenozo 3ameepOinma 3pasKié N0 4aC OCMAHHLOZ2O emany
BUKOPUCMAHO 600Y. 3a O0NOMO20I0 CEePMUMIKOBAHUX Memooié
BUBHAYEHO MACY, MIYHICMb HA CMUCHEHHA | MenionpogioHicms
KOMRO3UMY.

Kniouoei  cnosa.  6yodisenvhuii 610K,  KOMRO3UMHUL
Mamepian 3 NOPOUWKOSUM HANOBHIOBAYEM, MIYHICTNb HA CIMUCHEHHSL,
MenionPoBIOHICMb, MEPMOCMADIILHUL NOTIMED.



