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Abstract: This study aims to evaluate the application of discarded tire rubber waste and
Expanded Polystyrene (EPS) in mortar. For mortars fine aggregate was replaced by
10%, 20% and 30% of rubber and, 7.5% and 15% of EPS. We have verified the
consistency, density, amount of air and water retentitivity in fresh state. The
compressive strength, water absorption, voids ratio and specific gravity have been also
tested in hardened state. The application of rubber powder contributed to the increase
in entrained air content and in reducing specific gravity, as well as reducing
compressive strength at 28 days. The addition of EPS also contributed to the increase
of workability, water absorption and voids ratio, and decreased density and
compressive strength when compared to the reference mortar. The use of rubber waste
and EPS in mortar made the material more lightweight and workable. The mortars
mixtures containing 10% rubber and 7.5% EPS showed better results.
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INTRODUCTION

Currently, the civil engineering industry, besides
food industry, is the largest consumer of raw
materials (Berge, 2009). The construction industry
stands out for its heavy utilization of natural
resources and consequently significant waste
generation, and it is among the main group of
economically impacting activities (SNIC, 2015). For
a sustainable future the goal is to drastically reduce
the use of raw materials (Berge, 2009).

Since the number of vehicles has increased
considerably in the cities in recent years, the
accumulation of discarded tires has become a major
problem for waste management. Disposing waste in
landfills is not only postponing a solution for an
issue, but it also contributes to a larger problem in
the future. The contamination caused by waste is not
restricted to disposal site: Soil pollution, as well
pollutants due to the burning of materials, can spread
through the atmosphere (Kanso, 2014).

In Engineering, recycled tire waste is used in
asphalt pavement as binder to improve paving
resistance  properties as to deformation and
appearance of cracks due to fatigue (Shu and Huang,
2014). The recycled tires can be used as fuel for
cement kilns replacing conventional fuels, retaining
walls, drainage systems and non-structural
applications in civil construction (Mavroulidou and
Figueiredo, 2010).

Studies with rubber scrap tires waste in cement-
based materials are recent. Fiore et al. (2014) found
that cementitious compounds containing this type of
waste had reduced compressive strength and were
vulnerable to sulphate attack. However, mixtures
containing 50% rubber showed good characteristics
as: low thermal conductivity, thaw resistance, and
penetration of chloride ions, as well as reduced
density. Mavroulidoy and Forbes® also found that
concrete resistance decreases with the addition of
rubber, which can be used in structural applications
requiring low compressive strength. Aliabdo et al.
(2015) found that the thermal conductivity decreases
with the increase of rubber in concrete, although
compression and flexural strength decrease.

In Brazil, Canova et al. (2007) developed a study
on mortar containing discarded tires waste. The
results obtained by the authors showed lower
incidences of cracks in the mortar coating. The
behavior of rubber in cement paste was studied by
Segre et al. (2013). The existence or absence of
cracks in cement paste depends on the adhesion of
rubber particles and the type of cement used. Rubber
particles that went through NaOH treatment showed
reduced propagation of cracking on cement paste
when compared to that without any treatment.

According to Nacif et al. (2013), the size of the
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rubber particles, the amount of entrained rubber in
relation to cement mass, and the water/cement factor
significantly affect the density and compressive
strength of cement composites. Rubber particles
within 0.28/0.18 mm size result in low density
cement materials and apparent porosity, and show
greater compression strength.

EPS is a material widely used for industry and
construction applications that generates large
amounts of waste, and can be used in the composition
of construction materials (Aciu et al., 2014).
According to DIN IT-1043/78 EPS stands for
Expanded Polystyrene. It is made up of 98% air and
only 2% polystyrene as a result of expandable
polystyrene foam processing, and its base material is
styrene monomer (ABRAPEX, 2015; ACEFE, 2015).
Is used in a range of applications due to some
important features such as its light weight, good
thermal insulation, moisture resistance, durability,
acoustic insulation and low thermal conductivity
(Chen et al., 2015).

In lightweight concrete studies regarding the use
of expanded polystyrene has been performed.
According to Schackow et al. (2014) the best EPS
aggregate replacement ratio for lightweight concrete
manufacture is 55%. The size of EPS particle and its
composition is directly related to the compression
strength and concrete volume fraction with EPS (Liu,
2014). Previous studies have shown that the use of
EPS in mortar improves its durability and
compression strength (Ferrdndiz-Mas and Gaicia-
Alcovel, 2013).

According to Aciu et al. (2014), replacing 50% of
sand for polystyrene thermal reduces conductivity to
35% in comparison with standard mortar, thus
showing an improvement in thermal resistance.

Studies have shown that the granular form of EPS
affects concrete properties, both as plastic and
hardened state. Concretes which contained ground
EPS waste and replaced by fine aggregate showed
compressive strength less than 11.5% and entrained
air content higher than 300% compared to concretes
which contained spherical EPS granulate (Trussoni
and Hays, 2012).

Pecce et al. (2015) replaced part of lightweight
concrete aggregates for expanded polystyrene
particles, resulting in a very compact and resistant
material due to filling of voids by residue used. In
general, survey results showed good performance in
concrete biding behavior with EPS.

A research conducted in insulation blocks using
lightweight concrete and EPS resulted in an
improvement in thermal conductivity and sound
insulation (Sariisik, A and Sariisik, G, 2012).

To that sense, this study is intended to make the
use of waste in civil construction materials
practicable, mainly mortar coating, so that to evaluate
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the properties of mortar with different concentrations
of discarded tires rubber and EPS.

MATERIALS AND METHODS
Materials

The materials used for the production of mortars were:
River sand (quartz), Portland cement CP II Z-32 and
Calcium hydroxide (CH-III). These components have
been used in mortar and were added of tire rubber
powder and EPS. Rubber tires waste used (Fig. 1) was
obtained by ground discarded tires supplied by Engisul
Borrachas Ltda. Expanded polystyrene (EPS) used in
this study was provided by Styroville in a granular form
(Fig. 2). The water was supplied by local water mains
supply system.
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Fig. 1 Waste tire rubber powder.
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Fig. 2 Expanded polystyrene grains.
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Characterization of materials

Particle size analysis of the fine aggregate was
determined by sieving test using the set of sieves with
the dry sample (ABNT, 2003). This assay procedure
determined the maximum diameter of fine aggregate,
fineness modulus and the grading curve.

The specific gravity of the fine aggregate was found
through NBR NM 52 testing (ABNT, 2009). For
residue, the specific rubber mas was determined by
pycnometry assay using helium gas, which is a
technique used to find the real density of materials in
powder form.

The unit mass of granular materials has been
determined through NBR NM 45 assay procedure
(ABNT 2006). Unit mass helped to determine the
required quantity of each material density, considering
mortar volumetric trace.

The physical characteristics of cement and calcium
hydroxide were supplied by the manufacturer of these
products and are displayed in Tables 1-2, respectively.
The fine aggregate, rubber and EPS characteristics are
displayed in Tables 3-5.

Mortar preparation

For the reference mortar cement, lime and sand has
been used (by volume). Based on unit mass of the
constituent materials, the volumetric trace corresponds
to the trace in mass of 1: 0.689: 7.944.

The mortar was prepared in accordance with ABNT
NBR13276 Recommendations (ABNT, 2005a). The
amount of water added to the mix was scaled from the
standard mortar consistency index in the range of (260
+ 5) mm according to the Brazilian Technical Standards
specification.

Table 1. Physical characteristics of Portland cement CP 11 Z-32

Type of test Results  According
Unit mass (g / cm?) 1.08 NBR 6474
Specific gravity (g/cm?) 3.00 NBR 23
Fineness in the sieve # 200 (%) <12 NBR 11579
Compressive strength 7 days (MPa) >20 NBR 7215
Compressive strength 28 days >32 NBR 7215

(MPa)

Table 2. Physical characteristics of hydrated lime CH-I11

Type of test Results According
Unit mass (g / cm?) 0.75 NBR 6474
Specific gravity (g/cm?®) 2.40 NBR 23
Grain size # 200 (%) 12 NBR 9289
Grain size # 30 (%) 0.0 NBR 9289
Humidity (%) 0.0 -
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Table 3. Physical characteristics of fine aggregate
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Table 6. Amount of material used

Fine

Mortar Cement Lime aggregate Water Rubber EPS
(® (2) (9) (® (& (m
REF 360 248 2860 734 — -
M-RB10 360 248 2574 734 71.6 -
M-RB20 360 248 2288 734 143.2 -
M-RB30 360 248 2002 734  214.8 -
M- _
EPS7.5 180 124 1322 367 150
M-EPS15 180 124 1215 367 - 300

Type of test Results According
Unit mass 1.43 NBR NM
(g/cm?) ’ 45/2006
Specific gravity 255 NBR NM
(g/cm?) ) 52/2009

Sieve  Accumulated NBR
(mm)  percentage  13276/2005
4.75 0.5
2.36 2.6
Grain size 1.18 13.0
0.6 35.7
0.3 64.2
0.15 92.5
bottom 100.0
Fineness modulus 2.09
Maximum
diameter (mm) 2.36
Table 4. Physical characteristics of the rubber
Type of test Results According
Unit mass 0358 NBR NM
(g/cm?) 45/2006
Specific gravity Gas
1.193
(g/cmd) pycnometer
Sieve Limits NBR
(mm) (%) 13276/2005
Maximum
Grain size oo 2.0%
0.300 from 55.0% to
’ 80.0%
bottom  Minimum de
(0.300) 18%
Table 5. Physical characteristics of EPS
Type of test Results According
Unit mass 0.011
(g/cmd) ’ NBR NM 45/2006
Specific gravity 0.025 B
(g/cm?)
Approximate 4.00

diameter (mm) _

For the mortars containing rubber powder, the fine
aggregate was replaced at concentrations of 10%, 20%
and 30% in relation to its mass, while keeping the
water/cement factor steady (2.04).

For mortars containing EPS, 7.5% and 15% of sand
have been replaced by EPS in volume, keeping the
water/cement ratio constant.

The amount of materials used in the manufacture of
mortars is shown in Table 6, with REF being reference
mortar, M-RU10, M-RU20, and M-RU30 mortars
containing 10%, 20% and 30% of rubber respectively;
M-EPS7.5 and M-EPS15 mortars containing 7.5% and
15% EPS.

Mortar properties

Mortars analysis in fresh state was carried out based on
some important properties, since it might interfere in
the final quality of mortar. Consistency, water
retentitivity, specific gravity and entrained air content
for this state have been also evaluated (ABNT, 2005a;
ABNT, 2005b; ABNT, 20015¢).

To test mortar in hardened state, 6 prismatic
specimens were molded with dimensions of
[40x40x160] mm?* for each type of mortar and tested
with 7 and 28 days old. The compressive strength,
water absorption, the voids ratio and specific gravity
have been also tested (ABNT, 2005d; ABNT, 2005¢).

RESULTS AND DISCUSSIONS

The results obtained in the tests in both fresh mortar and
hardened mortar are shown and discussed below.

Analysis of the mortars in the fresh stage

The index of mortar consistency shall be (260 + 5) mm
spread as per ABNT NBR 13276 tested on a Flow Table
(ABNT, 2005a). The results are displayed in Table 7
and correspond to given each mix workability. The
specific weight of the mortar in the plastic state, the
level of air and water retentitivity are also indicated in
Table 7.

Table 7. Mortar properties in the fresh stage

Specifi  Entraine

Water to  Consistenc dai Water
Mortar cement y index ‘. ar retentivit
ratio (mm) gravity ~ content ¥ (%)
(gem’) (%)
REF 2.04 261 1.998 1.15 83
M-RB10 2.04 290 1.773 10 71
M-RB20 2.04 295 1.686 12 69
M-RB30 2.04 297 1.450 22 62
M-
EPS7.5 2.04 263 1.913 1.16 81
M-
EPS15 2.04 303 1.827 1.19 75

The mortars containing 10% (RU10), 20% (M-
RU20) and 30% (M-RU30) rubber showed greater
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consistency compared with the reference mortar (REF).
This occurs because rubber is an inert and impervious
material, unlike a thin material that increases the need of
water for the mixture. In this case, as the water/cement
ratio of the mixture is maintained, the consistency of
mortar with waste increased, and the same occurred to
mortars containing EPS.

It was found that, with the increase in the number of
EPS and rubber added to mortar, a reduction in specific
gravity. This fact is due to low unit mass and specific
unit mass of the waste used.

For contents of 30% rubber in mortar, entrained air
content was 22%. According to Boyton and Gutschick
(1964), entrained air content in mortar above 16%
causes it to reduce tensile adhesion strength on the
substrate. The mortars containing EPS had a very small
increase in entrained air content, about 3% in relation to
the reference mortar.

Figure 3 shows that water retentitivity decreases in
relation to the increase in rubber mortar content in
relation to the reference mortar. It possibly occurs
because of the amount of water used in kneading, since
the consistency of rubberized mortar has increased. For
mortars containing EPS, water retention decreased
slightly in relation to the reference mortar, which
explains the fact that only 3% increase in the air
content. Therefore, the lower water retention higher air
content incorporated in mortar.
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Fig. 3 Water retentivity in the mortar.

Analysis of the mortar in the hardened stage

The results obtained for the compressive strength of the
mortar at 7 and 28 days are shown in Table 8. The
specific gravity, water absorption and voids index are
also presented in the same Table. Figure 4 shows that
the compressive strength decreases with the increase of
the levels of rubber and EPS in mortar. This reduction
may be associated to the increase in entrained air
content in the fresh state and because waste present low
specific gravity. The mortar containing 10% rubber has
shown a decrease in compressive strength at 28 days of
approximately 27% in relation to the reference mortar.
For the mortar containing 30% rubber, compressive
strength declined from 70%; for the mortar with 20%
rubber, this reduction was 55% compared to the
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standard mortar. With 7.5% of EPS on mortar
compressive strength reduction was 26%, with 15%
EPS strength reduction was of 40%.

Segre et al. (2004) showed that the flexural strength
of mortars compositions with rubber was also reduced
in relation to the control, almost linearly with the rubber
content.

Figure 5 shows that the values found for the
specific gravity of the mortar in the hardened state are a
little higher than the values found for the mortar in the
fresh state, an increase of approximately 30%; this is
due to the fact that part of the water has evaporated.

Mortar water absorption by immersion is illustrated
in Fig. 6. It is observed that the average values indicate
an increase in water absorption with the increase of the
rubber content in mortar and in the number of EPS, and
more significant to mortar containing 30% rubber.

The amount of water absorbed by a material is
associated with the void index present in its
microstructure, which in turn determines the material
permeability. The mortars containing rubber and EPS
have had considerable increase in voids index compared
with the reference mortar. Thus, the higher the rubber
content and EPS in mortars, the higher was the void
index; therefore, the permeability of these materials was
higher. The chart in Fig. 7 shows the voids index in
mortar studied.

(MPa)
w

Compressive strength

3.00

2.00

1.00

0.00

Specific gravity (g/cm?)

® Mortar in the hardened stage
® Mortar in the fresh stage

Fig. 5 Specific gravity of mortars in fresh and hardened stage.
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40 362 CONCLUSION

35 The fine aggregate replacement for EPS and rubber
;\? 30 T 2328 discarded tires in mortar contributed to the increase in
z 2 — —  entrained air content and reduced the specific gravity of
% ;f(a) — ~——  mixtures.
S 10 5 = Compressive strength decreased significantly as the
= 5 (o o number of EPS and rubber content increased in mortar,
E 0 : : : : which could be due to the increase of entrained air into
= N N N o 5 the mortar in the plastic state.
2 Q-Q% QS?\ Qg”b QS;D Q%’\' Qgc"\ The use of rubber waste and EPS in mortar made the

AR @g) N\ material more lightweight and workable.

On water absorption by immersion, there has been
an increase in the absorption of water, resulting in a
more permeable mortar compared with standard mortar.

Fig. 6 Water absorption by immersion of the mortars.

50 ¢ Water retentivity is one of the important factors of
40 - the mortar, because the surface needs to be moisturized

_ for as long as possible, thus avoiding material cracks
30 and brittleness. All mortars containing rubber or EPS
20 had reduced water retentivity, making the material more

brittle.

Replacing the sand by tires rubber waste in mortar
containing 30% rubber resulted in entrained air content
of 22%, and may impair mortar adhesion on the
substrate.

The results of this research indicate that the mortars

Fig. 7 Voids index of the mortars. containing 10% rubber and 7.5% EPS showed better
results, but further research should be carried out in

The mortars containing 7.5% and 15% EPS are order to study the behavior of other untested properties,
illustrated in Fig. 8, and Fig. 9 shows mortar aspect such as substrate adhesion strength, deformation
with 10% of rubber modulus, thermal conductivity and fire spread analysis.

Voids index (%)

00

REFERENCES

ABNT, Brazilian Association for Technical Standards (2003) NBR
248. Aggregates - Sieve analysis of fine and coarse aggregates.
Rio de Janeiro, Brazil.

ABNTa, Brazilian Association for Technical Standards (2005) NBR
13276. Mortars applied on walls and ceilings — Preparation for
unit masonry and rendering with standard consistency index. Rio
de Janeiro, Brazil.

ABNTDb, Brazilian Association for Technical Standards (2005) NBR
13277. Mortars applied on walls and ceilings - Determination of
the water retentivity. Rio de Janeiro, Brazil.

ABNTCc, Brazilian Association for Technical Standards (2005) NBR
13278. Mortars applied on walls and ceilings - Determination of
the specific gravity and the air entrained content in the fresh stage.
Rio de Janeiro, Brazil.

ABNTd, Brazilian Association for Technical Standards (2005) NBR
13279. Mortars applied on walls and ceilings — Determination of
the flexural and the compressive strength in the hardened stage.
Rio de Janeiro, Brazil.

ABNTe, Brazilian Association for Technical Standards (2005) NBR
9778. Hardened Concrete and Mortar - Determination of water
absorption by immersion - voids ratio and density. Rio de Janeiro,
Brazil.

ABNT, Brazilian Association for Technical Standards (2006) NM
45. Aggregates - Determination of the unit weight and air-void
contents. Rio de Janeiro, Brazil.

ABNT, Brazilian Association for Technical Standards (2009) NM

| 094’6 I‘ubbe]‘ 52. Fine aggregate - Determination of the bulk specific gravity and

Fig. 9 Aspect of mortar with 10% of rubber. apparent specific gravity. Rio de Janeiro, Brazil.
Aciu. C., Manea, D. L., Luminita, M. M., Jumate, E. (2014)

Journal of Urban and Environmental Engineering (JUEE), v.11, n.2, p.219-225, 2017



Pczieczek, Schackow, Effting, Dias and Gomes

Recycling of polystyrene waste in the composition of ecological
mortars. Procedia Technology. Romania, 498-505.

Aliabdo, A. A., Abd Elmoaty, A. E. M., Abdelbaset, M. M. (2015)
Utilization of waste rubber in non- structural applications.
Construction and Building Materials 91, 195-207.

Associagdo Brasileira do Poliestireno Expandido — ABRAPEX.

(2015) Available in:
http://www.abrapex.com.br/010queeEPS.html.  Accsessed in
November 2015.

Associacdo Industrial do Poliestireno Expandido — ACEPE (2015)
Available in: http://www.acepe.pt/index.php/eps/composicao-
transformacao. Accessed in November 2015.

Berge, B. (2009) The ecology of building materials. 2nd ed.
Architectural Press, Elsevier.

Boynton, R. S., Gutschick, K. A. (1964) Bond of mortar to masonry
units. Washington, DC.: National Lime Association.

Canova, J. A., Bergamasco, R., Angelis Neto, G. (2007) A
utilizacdo de residuos de pneus inserviveis em argamassa de
revestimento. Acta Scientiarum. Technology 29(2), 141-149.

Chen, W., Hao, H., Hughs, D., Shi, Y., Cui, J., Li, Z. X. (2015)
Static and dynamic mechanical properties of expanded
polystyrene. Materials and Design 69, 170—180.

Ferrandiz-Mas, V., Garcia-Alcocel, E. (2013) Durability of
expanded polystyrene mortars. Construction and Building
Materials 46, 175-182.

Fiore, A., Marano, G. C., Marti, C., Molfetta, M. (2014) On the
Fresh/ Hardened Properties of Cement Composites Incorporating
Rubber Particles from Recycled Tires. Hindawi Publishing
Corporation. Italy, p. 1-12.

Kanso, M. A. (2015) Maior aterro do mundo possui 7 milhoes de
pneus e pode ser visto do espago. Available in:
http://hypescience.com. Accessed in September 2015.

Liu, N., Chen, B. (2014) Experimental study of the influence of EPS
particle size on the mechanical properties of EPS lightweight
concrete. Construction and Building Materials 68, 227-232.

225

Mavroulidou, M., Figueiredo, J. (2010) Discarded tyre rubber as
concrete aggregate: a possible outlet for used tyres. Global NEST
Journal 12(4), 359-67.

Nacif, G. L., Panzera, T. H., Strecker, K., Christoforo, A. L., Paine,
K. (2013) Investigations on cementitious composites based on
rubber particle waste additions. Materials Research 16(2), 259—
268.

Pecce, M., Ceroni, F., Bibbo, F., Acierno, S. (2015) Steel-concrete
bond behaviour of lightweight concrete with expanded
polystyrene (EPS). Materials and Structures 48(1), 139-152.

Sariisik, A., Sariisik, G. (2012) New production process for
insulation blocks composed of EPS and lightweight concrete
containing pumice aggregate. Materials and Structures 45(9),
1345-1357.

Schackow, A., Effting, C., Folgueras, M. V., Giiths, S., Mendes, G.
A. (2014) Mechanical and thermal properties of lightweight
concretes with vermiculite and EPS using air- entraining agent.
Construction and Building Materials 57, 190-197.

Segre, N., Joekes, 1., Galves, A. D., Rodrigues, J. A. (2004) Rubber-
mortar composites: Effect of composition on properties. Journal
of Materials Science 39, 3319-3327.

Segre, N., Ostertag, C., Monteiro, P. J. M. (2006) Effect of tire
rubber particles on crack propagation in cement paste. Materials
Research 9(3), 311-320.

Shu, X., Huang, B. (2014) Recycling of waste tire rubber in asphalt
and portland cement concrete: An overview. Construction and
Building Materials 67, 217-224.

Sindicato da industria da construgao civil do estado de Sdo Paulo —
SIDUSCON (2015) Residuos da Construgdo Civil e o Estado de
Sdo Paulo; p. 1-81. Available in:
http://www.ambiente.sp.gov.br/cpla/files/2012/09/residuos_constr
ucao_civil_sp.pdf Accessed in November 2015.

Trussoni, M., Hays, C., Zollo, R. (2012) Comparing Lightweight
Polystyrene Concrete Using Engineered or Waste Materials. ACI
Materials Journal 109(1), 101-107.

Journal of Urban and Environmental Engineering (JUEE), v.11, n.2, p.219-225, 2017



