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In the present work, the statistical dispersion of the mortar compressive strength as a function of the geometric parameters of the
specimens as well as the effect of the mortar workability difference on the compressive strength was investigated. For this purpose,
specimens were prepared for six types of mortars: two conventional mortars in the proportions of 1 :1 : 6 and 1 : 2 : 9 of cement,
hydrated lime, and sand, respectively, two with clay replacing lime, and two withmarble waste in place of lime.(e results confirm
the difference between the results found for the two geometries due to the differences in the heights of themolding layers and show
that the workability of the mortar modifies the resistance properties, especially in the cylindrical mold where the molding of the
specimens is more complex. By comparing the differences between the destructive test results and those defined by the Finite
Element Modeling (FEM) for conventional mortars, it was clear that the effect of excess material in the sample during the
compression tests did not change the strength properties studied.(is facilitates the performance of the assay as specimens may be
used excessively on the side without the need for sample rectification.

1. Introduction

(e Brazilian construction industry occupies a prominent
place in the country economy. According to the Civil
Construction Industry Union it participates in 6% of the
Gross Domestic Product [1]. Cementitious materials,
such as concrete and mortar, are used in large scale by the
civil construction, mostly due to their compressive
strength [2]. In fact, concrete and mortar are composite
materials and depending on the fraction of a phase in-
corporated they will present specific properties for each
mixture. In order to determine the compressive behavior
of these materials, mathematical modeling and destruc-
tive tests with proper specimens are performed and
compared.

Usually, the compression tests are conducted with cy-
lindrical specimens for concrete and prismatic for mortar, as
per the Brazilian standards [3]. However, some international
standards use specimens with different geometries, in-
cluding cylindrical, to evaluate the compressive strength in
mortars [4, 5]. For mortars, another important parameter is
the workability, i.e., the measure that evaluates the ease at
which the material is molded [6]. One objective of this work
is to determine the effect of mortars workability on their
compressive strength.

Mathematical modeling is also extensively applied in civil
engineering to interpret the mechanical behavior of con-
structionmaterials. Among the modelingmethods, stands the
well-known Finite Element Method (FEM). (is method
consists of numerical approximative-based solutions for
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differential equations that are very useful for structural en-
gineering [7, 8].(e great advantage of the FEM is to use local
approximations in subdomains, generated from the original
domain, instead of using mathematical solutions in a global
character. To obtain more accurate result, one may increase
the number of subdomains. A relevant point regarding the
application of the FEM is the possibility of evaluation the
mechanical behavior of the periferical region (outer modes)
around the investigated domain. A brief explanation of this
procedure is now presented.

Figure 1 [9] shows two neighboring elements named as
Ω(1) andΩ(2). Also in Figure 1, X(1) and X(2) represent two
outer nodes for each element. Constraints are included to
the problem represented by Γσ, Γu, and Γc that correspond to
loading conditions of displacement (supports) and bound-
ary conditions (in the contact between two elements), re-
spectively [9]. (ese conditions are included in the original
domain and passed to defined finite elements. After the
definition of the finite element grid and the type of element
to be used in the modeling (linear, triangular, and qua-
dratic), the characteristic matrices corresponding to each
element can be developed and then grouped, composing the
global system of equations [9].

(e solution of this system gives the values of the un-
knowns in the nodal points. As for the nodes that border
different elements, the value of the problem variables must
be the same, regardless of the boundary conditions con-
sidered. In this way, it is also possible to obtain the values of
the unknowns in the other points of an element using the
calculated values of the nodal points, which function as
interpolation functions [10].

(us, through the imposition of boundary conditions,
which represent the applied loads to the original domain and
the predefined parameters, it is possible to obtain the de-
formation and strength responses in the whole domain of
the problem defined at the beginning of the modeling [10].

Several works have studied the correlation of experi-
mental parameters obtained through experimentation data,
with parameters obtained by means of mathematical
modeling [11–14].

(us, the main objective of this work was to compare
results of mortar numerical modeling, using outer node-
based FEM, and experimental data obtained in comparison
tests of mortar specimens with distinct geometries (cylin-
drical and prismatic) and different workabilities.

2. Materials and Methods

To evaluate the influence of workability and specimen ge-
ometry on mortar compressive strength, six different mix-
tures were chosen. Two conventional mortars containing
proportions of 1 :1 : 6 (REF116) and 1 : 2 : 9 (REF129) of
Portland cement, hydrated lime and natural sand, two
mortars with clay replacing hydrated lime (CLA116 and
CLA129), and two containing marble waste replacing hy-
drated lime (MAR116 and MAR129). (e amount of water
used was defined using the consistency limit of 260± 5mm,
which is associated with mortar workability, as recom-
mended by the Brazilian ABNT NBR 13276 standard [15]. A

consistency test was performed on mortars REF116 and
REF129 to define the amount of water required to maintain
the workability index at 260± 5mm. After that, the same
amount of water was used to perform the tests on mortars
CLA116, CLA129, MAR116, and MAR129.

Both prismatic and cylindrical specimens were fabri-
cated by adding each mortar mixture with water inside
corresponding metallic molds. After drying the specimens
were removed from the mold and left still for 28 days.

For each of mortar mixture studied, 6 specimens were
prepared with the dimensions 40× 40×160mm for pris-
matic and 100 (length)× 50 (diameter) mm for cylindrical
geometries. (e specimens were subjected to compression
tests, according to the Brazilian ABNT NBR 13279 standard
[3]. It is noteworthy that the surfaces of the cylindrical
specimens were regularized by capping and neoprene was
used during the test to soften possible imperfections in the
specimens.

Figure 2 illustrates the compression test for specimens
with different geometries. Tests were conducted in an EMIC
machine, with a 30 kN load cell, at room temperature
(∼25°C) and loading speed of 500± 10N/s as per the Bra-
zilian ABNT NBR 5739 [16]. A regularization of the surface
of the specimens that are in contact with the press was
performed, allowing the mechanical strength test to be
adequate.

(e excess material, which eventually exists on the sides
of the prismatic specimen (Figure 2(a)) during the com-
pression test had its effect evaluated using two FEM models,
1 and 2, with different boundary conditions, as schematically
shown in Figure 3. (e first one (Figure 3(a)) restricts the
mortar at the base of the test, applying loads on the top of the
material. (e second model (Figure 3(b)) includes lateral
restrictions, simulating that the excess of mortar on the side
of the material creates a restriction of movement in these
directions. (e analysis of the effect of excess material on the
specimens is important, since the Brazilian standard rec-
ommends that the specimens be rectified before the test
execution. With the proposed modeling, it is expected to
prove that grinding is not necessary, since the excess ma-
terial has no effect on the specimens.

For the modeling, the software ABAQUS/CAE was
used, considering a material with cubic geometry of
40 × 40× 40mm, originated after the flexural rupture of the
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Figure 1: Schematic for two FEM subdomains in contact with
outer nodes [9].
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prismatic specimens of 40 × 40×160mm. (e domain was
divided into 1000 elements. (e elastic parameters of the
mortars were established based on the specialized litera-
ture. It was chosen to use 0.2 as Poisson’s coefficient as well
as the values of 1.80 GPa and 4.00 GPa for the elastic
modulus of the mortars REF116 and REF12, respectively
[17–19].

3. Results and Discussion

3.1. Analysis of Material Composition. (e results obtained
for the tests of compressive strength in cylindrical and
prismatic specimens as well as the workability results from
the, consistency tests, also known as the flow table, are
presented in Figure 4.

While mortars containing clay (CLA) impair the
workability, the ones containing marble (MAR) waste en-
hance this property when comparing to the reference (REF)
mortars. (e clay presents relatively thicker particles, while
the marble waste thinner particles, as shown in Figure 5.(is
difference in particle size can justify the difference of
workability. In addition, reference 1 :1 : 6 mortars (REF116)
show lower workability than 1 : 2 : 9 mortars (REF129) due to

the comparatively greater amount of cement and minor
amount of hydrated lime. (is behavior is usually found in
mortars and has been reported [20–24].
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Figure 2: Illustration of compression test for both (a) prismatic and (b) cylindrical specimens.
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Figure 3: Loads and constraints used in model one (a) and two (b).
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Figure 4: Results of compressive strength to prismatic and cy-
lindrical geometries and of workability for the studied mortars.
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(us, it is found that the composition of mortars directly
affects the workability parameters of the material, where
mortars with finer particles (such as marble residue) show an
increase in workability. (e use of coarser particles in the
material increases the friction between the particles that
make up the material, which in the fresh state still do not
behave homogeneously. (is impairs the workability
properties according to the results obtained for clay con-
taining mortars.

3.2. Analysis of Specimen Geometry. When comparing the
results shown in Figure 4, for cylindrical specimens, there is no
statistically significant difference between 1 :1 : 6 and 1 : 2 : 9
mortars. For mortar with marble (MAR) waste the difference
in compressive strength is relatively lower than that for 1 : 2 : 9
mortars (CLA129) containing lime and clay. It is also lower
than 1 :1 : 6 (CLA116) for the samemixture.(is behavior can
be justified by the preparation of the samples that occur in two
layers, receiving 30 strikes on the table on each layer.
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Figure 5: Granulometric curve of hydrated lime, clay, and marble waste.
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Figure 6: Results of the mathematical modeling for REF116 mortar.
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(e height of the prismatic samples is 40 cm while that
for the cylindrical sample is 100 cm, meaning that each
layer has 20 and 50 cm for prismatic and cylindric samples,
respectively. (e difference between the height of the
prismatic and cylindrical layer on the samples is too small
to affect the density of the material for a deposition in 2
layers considering the great workability of the marble-
based mortars. However, the lower workability is enough to
affect the other specimens with the same difference in
height. Moreover, this behavior can justify the lower results
of the cylindrical samples as compared with the prismatic
ones [25, 26].

3.3. Analysis of ExcessMaterial in the Sample. Figure 6 shows
the FEM results presented by models 1 and 2 for REF116
mortar, while Figure 7 presents the results for REF129
mortar.

Comparing the critical region of model 1 of Figures 6
and 7 with the shape of rupture obtained in compression
tests of prismatic specimens, it is found that there is an
equivalence of behaviors. In principle it provides evidence
that model 1 is the best for studying the proposed mortars.
Additionally, the values of compressive strength obtained
experimentally for REF116 and REF129 were, respectively,
3.81MPa and 3.32MPa. Using model 1, the resistance values
obtained were 4.0MPa and 3.5MPa. (is leads to a relative
error of 4.92% and 4.57%, respectively, which can be con-
sidered as very low. However, by using model 2, the re-
sistance values increase to 5.8MPa and 4.7MPa for mortars
REF116 and REF129, respectively, leading to relatively larger
errors of 34.49% and 29.87% [27].

(us, model 1 presents a better mathematical adjustment
to the experimental data obtained. (is supports the hy-
pothesis, raised previously, that the excess mortar on the
sides of the specimens does not produce any restrictive effect
on the equipment setup to maintain the dimensions of
40× 40mm.

(us, the recommendations contained in the NBR 13279
standard are not necessary to be followed, since the recti-
fication of the specimens before the mortar compression test
does not change the results obtained in the test if the excess
specimens are used. (is is because the amount of material
present on the side of the specimens is not sufficient to cause
any crimping effect because it does not prevent the lateral
displacements of the mortar. (is information was con-
firmed by model 1 with more coherent values than those
obtained in model 2.

4. Conclusions

Experimental and modeling results confirm that the spec-
imen geometry interferes with the properties of compressive
strength since the results obtained for the prismatic were
very different from those for the cylindrical specimens.

(e workability of mortars directly interferes with the
resistance on specimens with greater dimensions, although it
does not significantly affect the resistance for mortars with
low height. Furthermore, the higher the workability of a
mortar, the lower its influence on the compressive strength.

(e compressive strength results obtained for references
REF116 and REF129 mortars, experimentally and by nu-
merical modeling, revealed very close values when using
model 1 that does not laterally limit mortars due to excess
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Figure 7: Results of the mathematical modeling for REF129 mortar.
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material during the test. (is model presents relative errors
of 4.92% and 4.57% for REF116 and REF129, respectively,
and indicates the shape of rupture that occurs during the
compressive strength test.
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