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Abstract

Cement mortar is one of the major cement-based construction materials and its mechanical properties perform an important role
in the strength of structures. The effect of different mortar mix design parameters on its compressive strength has always been of
great significance. Specifically, this research investigates the simultaneous effect of cement strength class and sand-cement (S/C)
and water-cement ratios (W/C) on the compressive strength of mortars containing with cement strength class 42.5 and 52.5 MPa.
For this purpose, an extensive experimental plan with 540 cubic 50 mm specimens made with 36 different mix designs. The
results showed that the compressive strength of specimens increased with age and was strongly influenced by cement strength
class, S/C and W/C ratio. The optimal mix design in terms of compressive strength is the with S/C ratio of 2.75, W/C ratio of 0.3,
and cement strength class of 52.5 MPa.
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1. Introduction

The evaluation of concrete structures from different aspects of the laboratory, optimization, and modeling has
attracted the attention of researchers [1-4]. Hence, cement mortar is an important heterogeneous composite used in
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construction. Cement mortar is tasked with provision of uniform stress distribution and thermal deformation, and
plays an important role in conjunction resistance properties of structure [5-7]. The significant variables that affect
the behavior of fresh and hardened mortar include the water-cement ratio (W/C), the sand-cement ratio (S/C) and
cement strength class.

The role of W/C and cement type on the various properties of cementitious materials such as concrete and cement
mortar has been extensively studied [8-10]. For example, the effect of changes in water and temperature on
deformation of cement and concrete pastes [11], cement content and W/C ratio on the early hydration process [12]
and cement type and additives materials on the properties of cement materials [13, 14] have been researched. In
another research, Body and Mindess [15] performed an experimental study on the effect of two W/C (0.45 and 0.65)
and two types of cement (ordinary and sulphate resistant) on strength and sulphate resistance of concrete at different
ages. The results showed that W/C has a greater effect on the sulfate resistance than the type of cement has, and that
compressive strength test is more sensitive than tensile test in detecting internal damages, especially at an early age.
Also, Kim et al. [16] found that increasing the W/C from 0.45 to 0.6 increases the porosity of cement mortar by
150% and decreases its compressive strength by 75.6%.

Typically, water-cement ratio is the most important mix design parameter for cementitious materials such as
cement mortar. Studies on concrete have shown that compressive strength is inversely proportional to the W/C. It
should however be remembered that mortar and concrete are more precisely different materials with different
structure and composition. Few studies, the effect of mix design factors such as W/C and S/C on the properties of
cement mortar have attracted. One of the studies on the effect different materials and mix designs on mechanical
properties of mortars have reported that Abram’s law applies on mix designs with W/C ratios of higher than 0.4
[17]. Researchers have also expressed the effect of W/C ratio on the compressive strength of cement mortar with a
relationship similar to the Abram’s law. It has been found applying more parameters to this law will allow it to be
used for cement mortars [18].

Research has shown that aggregates have a significant effect on rheology and mechanical properties of cement
mortar [19]. So the impact of gradation and sand type on properties of cement mortar has been the subject of many
studies [20, 21]. Schutter and Poppe [22] have shown that the type of sand has a significant effect on the properties
of cement mortar, as gradation-based geometric parameters of aggregate such as fineness modulus are associated
with water demand of the aggregate and dry density of mortar. In a study by Haach et al [23] on the effect of
aggregate and W/C on workability and compressive strength of cement mortars, the results show that an increase in
W/C weakens the mechanical properties and improves the workability of cement mortar. Reddy and Gupta [24]
have studied the effect of sand gradation on tensile strength. The results show the strength is reduced with the
change in fineness modulus of sand from 3.21 to 1.72. They have also reported that to make a mortar with a given
consistency with fine sand, 25 to 30% more water need to be added to the mix design. There are only a few studies
on the combined effects of cement strength class, and S/C and W/C ratios, and their interaction on the mechanical
properties of cement mortar. In one of these studies by the same authors, the effects of various cement categories
have been investigated by the neural network method. The results showed that cement type is one of the important
parameters in predicting the compressive strength of cement mortar [25].

The aim of this research was to determine a wide range of mix design parameters that are required to achieve
balanced mechanical properties in the cement mortar. To achieve this purpose, the simultaneous effect of mix design
factors such as type of cement strength class, W/C and S/C was investigated through an experimental program.
Mixture design was conducted on 540 cubic specimens made with 36 cement mortar mix designs composed of six
different W/C, three different S/C and two different types of cement strength classes (42.5 and 52.5 MPa).
Compressive strength test was performed to determine the combined effect of factors, and the mix designs with the
best mechanical properties were determined.

2. Experimental study
A typical cement mortar is the mixture of sand that acts as the filler material, cement that acts as the binder and

water that triggers the hydration process. The basic composition and characteristics of each of these components
affect the ultimate compressive strength of the resulting cement mortar.
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2.1. Specifications of materials and mix designs

In this study were performed using two types of Portland cement (the product of Bojnoord cement factory, Iran)
with strength classes of 42.5 and 52.5 MPa. Information regarding the chemical composition and physical properties
of the used Portland cements is provided in Table 1. Mix designs were prepared for fine-grained aggregates (sand)
with maximum diameter of 4.75 mm, density of 2.6 kg/cm’, fineness modulus of 2.48, and standard gradation
according to ASTM C33 [26]. Specimens were made with polycarboxylate superplasticizer to ensure self-
consolidation of the cement mortar after bring cast into the mold. This superplasticizer improves both workability
and ultimate strength of the cement mortar [27, 28].

Table 1 Physical and chemical properties of the Portland cement.

Chemical Analysis (%) Physical Analysis

CSC
90 mm (%)
(cm*/gr)

(MPa)
Si0,
ALO;
Fe,04
CaO
MgO
SOs3
Na,O
K,O
LOI
F.CaO
CA
CsS
Specific
Gravity(ton/m®)
Blaine Test

w

42.5 202 4.6 3.5 64 1.94 24 0.35 0.7 27 13 627 64.27 3.1 8 3050

© o | Sieve residue on

52.5 21 4.7 352 64.18 193 253 032 0.65 12 12 6.5 57.85 3.15 1 3600

An experimental program was set up to assess the effect of cement strength classes, W/C and S/C on the
properties of cement mortar. In this experiment, 36 cement mortar mix designs were prepared based on S/C of 2.5,
2.75 and 3, W/C of 0.25, 0.30, 0.35, 0.40, 0.45 and 0.50. For each specimen, superplasticizer was introduced to the
mixture until obtaining a flow of 110 + 5 in 25 drops of the flow table [29]. The specifications of mix designs are
provided in Table 2.

Table 2 Mixture design of cement mortar for cement strength classes of 42.5 and 52.5 MPa.

v N c HRWR (ml)
Xp. No
(kg) S/c wie CEM-42.5 CEM- 52.5
(MPa) (MPa)
1 2.85 2.5 0.25 40 40
2 2.67 2.75 0.25 100 90
3 25 3 0.25 85 50
4 2.85 2.5 0.3 30 30
5 2.67 275 03 35 45
6 25 3 03 35 35
7 2.85 2.5 0.35 17 12
8 2.67 275 0.35 17 22
9 25 3 0.35 17 30
10 2.85 2.5 0.4 5 5
11 2.67 275 0.4 7 10
12 25 3 0.4 10 12
13 2.85 2.5 0.45 3 3
14 2.67 275 0.45 3 3
15 25 3 0.45 3 3
16 2.85 2.5 0.5 2 2
17 2.67 275 0.5 2 2
18 25 3 0.5 2 2

2.2. Preparation of specimens and experimental procedure

The specimens used in this study were 50 x 50 x 50 mm cubic mortar, which were subjected to compressive
strength test in accordance with ASTM C109 [30]. To prepare specimens, a mixer was used to mix the materials in
proportions specified by the mix design in accordance with ASTM C305 [31]. Mixing was continued until archiving
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a uniform consistency, and the resulting cement mortar was then cast into the molds. The open surfaces of
specimens were perfectly smoothed to ensure uniform force distribution under the loading and thus the lowest error
in the strength measurement. After 24 hours, specimens were removed from their molds and were put into a water
tank with a temperature of 22 + 2 °C until the time of test. Test of compressive strength was performed using a
compression testing machine with a capacity of 20 tons. Mortar specimens were tested along the direction that they
were cast into the molds. For each mix design, three specimens at ages of 3, 7, 14, 21 and 28 days (a total of 15
specimens for each mix design) were tested and the mean values of their results were obtained.

3. Results and Discussion

The quantity of superplasticizer used for specimens with different W/C, S/C and cement strength classes are
presented in Fig. 1. As Fig. la-c shows, in W/C of 0.4 and higher, the quantity of superplasticizer used for both
cement strength class and all three S/C are almost the same. This is maybe due to presence of enough water for
mortar mixtures in W/C ratios of that range. In low W/C ratios however, superplasticizer consumption of mix
designs undergoes a change. Fig. 1a shows that as W/C decreases from 0.4 to 0.25, consumption of superplasticizer
increases more sharply and even more so in cement strength class of 42.5 MPa. Superplasticizer consumption also
increases with the increase of S/C from 2.5 to 2.75, and this increase is sharper in W/C of 0.35 and 0.3 with cement
strength class of 52.5 MPa (Fig. 1b). In all three curves of Fig. la-c, the sharpest increase in superplasticizer
consumption can be seen when W/C ratio decreases from 0.3 to 0.25, and this is probably due to the severe
deficiency of water which results in increased need for superplasticizer to achieve the desired fluidity. The greatest
quantity of superplasticizer consumed in a specimen (100 milliliters) was used in the one made with cement strength
class 42.5 MPa, W/C of 0.25 and S/C of 2.75. Figs. 2 and 3 show the changes in S/C versus compressive strength
(Fc) of cement mortars made with cement strength class 42.5 and 52.5 MPa. In Fig. 2, the results of the compressive
strength of cement mortar are illustrated for W/C ratios ranging from 0.25 to 0.50. For each S/C, compressive
strength of cube specimens at ages of 3, 7, 14, 21 and 28 days are presented. As can be seen, compressive strength
of specimens increases with age. This strength growth is more rapid in ages of 3 to 7 days and ages of 21 to 28 days.
For example, in the mix design with W/C = 0.5 and S/C = 3, strength growth from the of age 3 to 7 days is from 8.5
to 26 MPa (i.e. 67%); and strength growths from the age of 7 to 21 days and from the age of 21 to 28 days are
respectively 20% and 16%. The changes in the compressive strength as the result of increase in S/C ratio depend
slightly on the W/C. When W/C is low, the peak strength occurs at S/C = 2.5, but as W/C increases, this peak moves
toward S/C = 3. For example, when W/C = 0.25, the 28-day compressive strength of specimens with S/C ratios of
2.5, 2.75 and 3, are respectively 42, 28 and 22 MPa; but when W/C = 0.4, these compressive strength are
respectively 45, 51 and 56 MPa. The W/C is an important factor in fluidity and stability of fresh and hardened self-
consolidating mortars [32].
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Fig. 1. Superplasticizer consumption versus W/C of mix design for (a) S/C=2.5, (b) S/C=2.75 and (c) S/C=3.
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Fig. 2. S/C ratio of mix design versus compressive strength for specimens made with 42.5 MPa cement.

So in this study, experiment was conducted with six levels of W/C ratio. The results show that the specimens
with highest 28-day compressive strength are those made with cement strength class 42.5 MPa, W/C of 0.4 and S/C
of 3. Fig. 3 shows the effect of changes in S/C and W/C ratios on the compressive strength of mortar made with
cement strength class 52.5 MPa. Like in Fig. 2, compressive strength increases with age, except for a few cases,
which can be attributed to experimental error. Examining the variation of S/C in each W/C range shows that the
greatest compressive strengths mostly belong to the specimens made with S/C of 2.75. It can also be seen that, as
W/C ratio increases, compressive strength of the specimens decreases. Meanwhile the highest compressive strength
belong to the mix design with W/C = 0.3 and S/C = 2.5. According to the results of compressive strength test for
specimens of different ages (Fig. 3), mix designs containing cement strength class 52.5 MPa have a better strength
than the mix designs containing cement strength class 42.5 MPa.
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Fig. 3. S/C ratio of mix design versus compressive strength for specimens made with 52.5 MPa cement.

4. Conclusion

This study evaluated the effect of sand-cement ratio, water-cement ratio, age of specimen and cement strength
class on the compressive strength of specimens made with different cement mortar mix designs. The results obtained
in this study can be summarized as follows:

1. When used in combination with other mix design components, each particular cement strength class yield unique
properties, which reflect the wide range of mix design variables that need to be considered to achieve the desired
cement mortar.

2. In low water-cement ratios, the trend of changes in superplasticizer consumption is more in cement strength class
42.5 MPa than in 52.5 MPa.

3. The greatest rate of strength growth in specimens was observed from 3rd day to 7th day and from 21st day to
28th day.

4. Mix design containing sand-cement ratio of 2.75 and water-cement ratio of 0.3, with cement strength class of
52.5 MPa was identified as the optimum mix strength design.
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