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Abstract—Mortars have many uses in construction: to lighten, 
sonic and thermal insulation, aesthetic purposes, to protect 
against environmental attack, repair, conservation, union 
masonry, etc. Mortar matrices may be Portland cement, lime, 
gypsum, clay and soil, asphalt or polymers. This work shows the 
result of the addition of areas of expanded polystyrene spheres 
(EPS) in three different percentages to the aggregate of a mixture 
of mortar. Physical and mechanical behaviour is evaluated to 
assess their behaviour under accelerated attack. The stone 
aggregate in the mortar was river sand; the cement used was 
ASTM C150 Type IV; the initial water-cement ratio by weight 
was 1.01 for each share; all blends met 105 ± 5% flow. The 
addition of expanded polystyrene spheres (EPS) replaced fine 
aggregate by 10%, 20% and 30% in each mixture. It was 
necessary to add a fluidizing agent in cases of adding expanded 
polystyrene spheres since the fluidity of the mortar decreased. 
Destructive testing such as simple compression and the 
accelerated attack took place; non-destructive testing included 
physical absorption as a percentage and specific gravity were also 
performed. It is concluded that the addition of expanded 
polystyrene improved resistance to chemical attack accelerated 
mortars and reduced the volume and weight, without detriment 
to the resistance. 
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I. INTRODUCTION  

The objective of this research was to develop mixtures of 
lightened mortars that will support aggressive chemical attack 
[1-3] and increase the strength of Portland cement-based 
coatings’ resistance to environmental attacks such as 
efflorescence. These damages occur especially in structures in 
a marine environment with wet-dry cycles, as in the case of 
piers, bridge piers and rainwater containers. Many cases have 
been documented in which lightening corresponds to a 
decrease in resistance, but curing obviously favourably 
influences the properties of hardened concrete [4, 5]. 

The weight-reducing additive was expanded polystyrene in 
the form of spheres of diameters between 0.30 and 2.0 mm. 
The diameter of the spheres also influences the properties of 
the hardened materials and encourages the distribution 
heterogeneity in the Portland cement based matrix [6, 7]. 
Polystyrene is characterized by its low specific weight, 10 
kg/m3. 

As determined by its properties, the spheres are distributed 
uniformly in the matrix of the mortar. The first concrete/light 
mortars used to construct buildings emerged in the Roman 
Empire in 20 BC. At present, the demand for durable buildings 
with a high degree of security, which are subject to extreme 
weather stresses, provides decisive factors in its design. 
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The investigation began by performing a physical 
characterization with different percentages of additions of 
polymeric spheres that lightened the density, replacing the 
amount of sand [8-10], some percentages of additions caused a 
decrease in mechanical properties. At the end of the age test, 
the samples that showed the best performance under static load 
and accelerated attack were determined [7, 11]. 

II. EXPERIMENTAL DEVELOPMENT 

The sand was taken from the Huajúmbaro River located in 
Zinapécuaro, Mexico, 19º42 'north latitude and 100º33 ' west 
longitude, it is a quartz sand or Canada silica sand. The 
sampled material was moved to the Laboratory Ing. Luis Silva 
Ruelas in the Department of Materials, Faculty of Civil 
Engineering of the University of Michoacan, where it was 
characterized. All tests indicated were performed in triplicate 
and the values shown are the product of three quantifications, 
and all the results did not differ in more than 10%, if they did, 
the test must be repeated. See Table I for a summary of tests 
performed, the result is the average of the 3 values. 

TABLE I.  PHYSICAL TESTS ON THE FINE STONE AGGREGATE FOR USE IN 
MORTARS 

Tests for Fine Aggregates Standard Result

Sampling ASTM D75 750 kg 

Absorption percentage ASTM C128  3.73 

Relative density or specific gravity ASTM C128 2.3 

Surface moisture (%) ASTM C128 0.74 

Bulk density (unit weight) and voids ASTM C29/C29M 1.23 

Bulk density (unit weight) ASTM C29/C29M 1.33 

Organic impurities ASTM C40  scale 3 

Sand equivalent value ASTMD 2419 97.50%

Materials finer than 75-μm (No. 200) sieve ASTM C117  1.98% 

Sieve analysis ASTM C136  2.19 

 

The dosage of mortar was one part cement and 2.75 parts 
by weight of sand, 1: 2.75. The dried solids were first mixed; 
the necessary amount of water was added to the mortar to 
present a fluidity of 105% ± 5%, ASTM 109M-12 C. In 
mixtures spiked with polymer spheres, additions such as 
agglutinated fresh mixtures were used [12, 13] to achieve a 
fluidizing flow. In 10% and 20% substitutions of silica sand by 
polystyrene spheres, 8 g of plasticizer per kg cement was used 
and for the 30% substitution of sand by spheres, 10 g/kg 
cement was used. The fluidizing additive was able to reduce 
the mixing water from 32% to 40% to yield the fluidity/ 
workability mentioned. 

All results were compared against the values obtained for 
the mortar mix control without additions or plasticizer. Mixing 
was performed mechanically. 

A. Preparation of specimens. 

To prepare the admixture, first the weight dry materials are 
mixed: cement, sand and expanded polystyrene spheres, after 
adding the water, and quantify the fluidity, before fill in the 
moulds. 

To prepare specimens, steel moulds that meet the 
dimensions specified by ASTM C 109M for buckets and 
ASTM C 192 / C 192M for cylinders were used. 

The moulds were coated with the oily material to prevent 
adhesions. For filling of the specimens, the procedure 
described by Navarro Sánchez, Martínez Molina, and Espinosa 
Mandujano (2010) was followed [14]. 

The removal of the specimens from their moulds was 
carried out at 48 ± 8 hr; then came the fluidizing delayed 
curing. Curing was performed by immersion ASTM-C511. 

B. Tests on cured state mortar specimens. 

Tests carried on cured state mortars can be classified as 
destructive [15]. The tests are listed in Table II. The specimens 
were tested at the ages of 7, 14, 28, 45, 90, 150, 210 and 300 
days. The tests were compared against the control admixture. 

Before testing, the specimens were taken from the 
immersion and dried superficially; then the non-destructive 
tests were conducted, at the end of which the destructive tests 
were performed. 

TABLE II.  MECHANICAL TESTS ON SPECIMENS OF MORTAR 

Test Standard Specimen Sizes 

Compressive strength 
ASTM 
C109 

Cubes 5cm x 5cm 
x 5cm 

Absorption percentage 
ASTM 
C128 

Cubes 5cm x 5cm 
x 5cm 

Relative density or specific gravity 
ASTM 
C128 

Cubes 5cm x 5cm 
x 5cm 

Accelerated attack or soundness of 
concrete samples by use of sodium 
sulphate 

ASTM 
C88 

Cylinders 5cm Ø 
x 10cm high 

III. RESULTS AND DISCUSSION 

The results were compared against the control mortar. The 
summarized results are shown in graphical form. 

 

Fig. 1. Test results for specific gravity, in cubes 
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A. Specific gravity. 

The results presented in the specific gravity test for 
additions are below the value of the control mortar 

B. Absorption. 

The absorption was measured as an indirect measure of the 
volumetric weight or density, resistivity, and mechanical 
strength. 

 
Fig. 2. Test results for percentage of absorption, in cubes 

C. Destructive testing. 

Compression. The results of the compression testing of 
mortars with the addition of two sphere replacement ratios, 
10% and 20%, show that the resistance is below our control 
mortar. With the 30% addition of polystyrene beads, resistance 
to simple compression increased, achieving above the control 
mortar. 

 

 
Fig. 3. Test results for compression, in cubes 

Sulphate attack or accelerated chemical attack. The 
accelerated attack test, ASTM C88, is simulated by subjecting 
the specimens to five cycles in a saturated solution anhydrous 
sodium sulphate, to qualify its durability [16]. After each cycle, 
the integrity of the specimen under compression was tested to 
determine the loss of cohesion in the cement matrix. All EPS 
mortars resisted five test cycles. 

 
Fig. 4. Test results for compression in cylinders for five cycles of the test 

anhydrous sodium sulphate accelerated attack. 

IV. CONCLUSIONS 

With the addition of the polymeric spheres, the fresh mortar 
mix coalesced and it was necessary to modify the water/cement 
ratio with the fluidizing aid. One of the main objectives of 
adding the spheres was to lighten the material, which was 
significantly achieved by replacing the stone aggregate with 
polystyrene spheres. Lightweight concrete meets aesthetic 
functions, decreasing the masses applied to structures under 
stresses of vertical and horizontal loads. 

In the testing attack by sulphates, the results indicate a good 
preventive measure to this design, the use of cement made with 
the special characteristic being resistant to sulphates (RS). In 
addition to spheres, the results obtained in the development of 
test cycles generally demonstrate its use: it allows the matrix 
within the element more space for recrystallization to occur and 
the cement paste does not damage micro fractures caused by 
expansion due to recrystallization of salts. This was 
demonstrated since the control specimens and mortar enhanced 
with spheres resisted five test cycles, so the addition of 
polystyrene beads is good way to avoid damage from sodium 
sulphate attack, which is the case of concrete/mortar subjected 
to contaminated ground water, water with salt/chloride, 
freezing and thawing, and wet and dry cycles. 

Additions of polystyrene spheres allowed decreases in the 
mass in the order of 20%, which significantly lightened the 
mixture, an important feature in areas of high seismicity where 
the decline of the mass, even in cases of large acceleration, 
results in lower forces acting. 

The goal here is the addition of expanded polystyrene 
spheres to avoid accelerated attack, not only to diminish weight 
of concrete. The diminish of the weight of course conduce to 
lower cost in the construction, but the resistance under 
accelerated attack means lower costs in the maintenance of the 
concrete structures. 
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