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Abstract

Construction projects require cement, which must have definite qualities so
as to play its part separately in structure. The compressive strength of cement
and, consequently, its physical properties could vary as a result of variations
in the raw materials, as well as in manufacturing conditions. Therefore, an
experimental study has been checked out herein by investigating the me-
chanical and physical properties of concrete specimens by means of four dif-
ferent types of Ordinary Portland Cements, namely Black Bull, Lucky, Pak
Land and DG obtained from the market of Sindh Pakistan. Based on obtained
results, it was found that Lucky cement type performed well when compared
to other three types both in compressive and tensile strength of concrete. Al-
though there were some differences in the physical properties of cement used
in this study, however, they all meet with the requirements of international
standards.
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1. Introduction

Before the separation of sub-continent, cement industry was one of the few in-
dustries that existed in Pakistan. The main reason for the existence of this in-
dustry was the accessibility to the available raw materials required to make ce-
ment. Pakistan has been blessed with vast reserves of limestone and clay and,
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which can support the cement industry for upcoming 5 to 6 decades. At the time
of creation of Pakistan, the production of cement per annum was only about 0.3
million tons. However, by the year 1954 the cement production increased to 0.66
million tons annually against a yearly demand of 1.0 million tons. At present
many cement factories have been established, thus increasing the production to
1.0 million tons per year. Since then, along with the extension of the existing
plants, new plants have also been established. Besides producing Ordinary Port-
land Cement (OPC), the cement industries in Pakistan have also started to pro-
duce Slag cement, SRC, and white cement [1], [2], [3]. Cement production has
played a major role as a material of construction throughout the history of civi-
lization. It has a significant value in the construction of buildings, tunnels,
bridges, highways, towers and so on [4], [5]. The cement used in various projects
must have certain qualities in order to play its part electively in structures. Engi-
neers become more satisfied and confident, thereby guarantying a good quality
work, if these properties lie within a certain specified range of standard values
[6], [7], [8]. Furthermore, based on these properties, it is possible to compare the
cement quality from different sources. Numerous tests are conducted in the la-
boratories of cement industries in order to ensure that the cement is of the de-
sired quality and it obeys the rules and regulations recommended by relevant
codes and standards [9], [10], [11]. Utilization of lower quality cement in con-
struction projects may cause loss of precious lives and properties. Thus, the as-
sessment of cement quality is of a significant and critical factor. During this re-
search study, four brands of Portland cement products (Black Bull, Pak Land,
Lucky and DG) available in the market of Sindh province have been studied for
assessing experimentally the compressive and tensile strengths. The results ob-
tained for all the analysis showed that few types of cement are better than the
others. Indeed, Ordinary Portland cement is the general cement found in nu-
merous countries and it is manufactured by different companies. Therefore, this
research activity aims to compare the properties of Portland cements in Sindh
Province. Laboratory-based experimental approach was adopted in this study to
determine the properties of four cement samples as mentioned above. It was ob-
served that Lucky cement has the finest particles containing more Calcium oxide
(Ca0), recording earlier setting times and achieving early strength. The research
work has revealed that, although there are some differences in the properties of
four cement types used, they all meet international standard requirements. In
fact, the importance of using appropriate cement types represents a research ac-
tivity very felt in Pakistan, where other similar studies were performed [12] [13]
[14] [15] [16]. This represents a very important result, considering that both the
quality assurance of cement is becoming a construction critical factor and the
use of lower quality cement in structural and constructional projects may result

in poor structures causing loss of lives and properties.

2. Basic Chemistry of Ordinary Portland Cement

For manufacturing Ordinary Portland Cement (OPC), natural stones such as
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Limestone, shale or clay are brought from quarries to the cement industry. The
major constituents of obtained rocks are Lime (CaCQOj3), Silica (SiO;), Alumina
(ALO3), and Iron Oxide (Fe,O;). These compounds are brought in kiln and are
heated at temperature about 1250°C to 1450°C where they interrelate to form a
series of more complex products. During the formation of various compounds,
some chemical reactions take place within the burning mass which results in
forming clinkers and cement materials. Clinkers play a vital role in the final
product of cement, which contains compounds like K,O, TiO,, MnQO,, and
Na,O. Other than these, the major mineral constituents of cement clinker are
listed in Table 1.

3. Materials and Methodology
3.1. Materials

Materials used during this experimental work are mainly cement, sand, coarse
aggregate and water. Four different types of Ordinary Portland cements, ie
Lucky, Black bull, DG and Pak Land, were purchased from the local market.
Care was taken not to buy outdated cements and the manufacture date of ce-
ment was not more than 20 days from the time it was produced. Locally availa-
ble clean natural hill sand passing from 4.75 mm sieve free from clay was used.
Coarse aggregate having maximum size of 19 mm clean and free from other in-
gredients was incorporated in preparing cement concrete mix. Whereas potable
water having pH value of 7.1 taken from the tap of Structural Engineering La-
boratory at the Department of Civil Engineering of the Quaid-e-Awam Univer-
sity, College of Engineering, Science and Technology (QUCEST), Larkano,
Sindh, Pakistan, was used in all mixtures.

3.2. Methodology

In total 90 specimens of different concrete mixtures based on the four men-
tioned cement types were cast. Cement concrete mix of 1:2:4 ratio (wa-
ter-to-cement ratio of 0.45) was used during this research work [18] [19] [20]
[21]. Mixing of concrete was done using in a mechanical mixer having capacity
of 6 cubic feet. For each mixture and for three curing periods (7, 14 and 28

days), 15 cubes with sides of 150 mm were prepared, so resulting in a total

Table 1. Typical composition of mineral constituents found in Portland cement clinker
[17].

S. No. Compound Chemical Formula Abbreviated Designation
1 Tricalcium aluminate CasALOs GA
2 Tetracalcium aluminoferrite CasAlLFe;On0 C.AF
2 dicalcium silicate CazSiOs CaS
4 tricalcium silicate CasSiO4 GCsS
5 Gypsum CaSO+2H0 CSH:
DOI: 10.4236/0jcm.2019.94020 329 Open Journal of Composite Materials
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number of 45 cubes, which were cast to check the compressive strength. Simi-
larly, for each mixture and for the three above curing periods, 15 cylinders hav-
ing diameter of 150 mm and height of 300 mm were cast to check the spilt ten-
sile strength of concrete. The specimens were fabricated and removed from
moulds after 24 hours and kept in a totally wet environment for 7, 14 and 28
days curing period [22] [23] [24] [25].

4. Results and Discussions
4.1. Workability Test

Workability test for all cement brands used during this research work was con-
ducted in accordance to the ASTM standards C-192 [26]. Slump cone was used
for all the prepared concrete mixes and the slump test results of all the different
concrete brands are given in Table 2. There is no remarkable difference in the
workability of all the cement brands used. Therefore, it may be concluded that
the difference in the workability is minimal.

4.2. Compressive Strength of Concrete

Compressive strength test was conducted using Forney load testing machine and
the procedure was conducted in accordance to the ASTM C39/C39M - 18 [27].
Results of compression tests on cubes at 7, 14 and 28 days curing period using
four different types of cement (Black Bull, Pak land, Lucky and DG cements) are
given in Figure 1.

The average values deriving from experimental compression tests are ob-

served in Figure 2.
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Figure 1. Results of experimental compression tests on specimens made of Black Bull (a);
Pak land (b); Lucky (c) and DG (d) cements.
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Figure 2. Average compressive strength of cubes at curing period of 7, 14 and 28 days.

Table 2. Workability test results of concrete mixes prepared with different cement
brands.

S. No. Cement Brand W/c Ratio Mix Design Ratio Slump (in.)
1 Black Bull 0.45 1:02:04 2.05
2 Pak Land 0.45 1:02:04 2.02
3 Lucky 0.45 1:02:04 1.96
4 DG 0.45 1:02:04 1.98

It can be observed from Figure 2 that there is a clear variation in the com-
pressive strength test results of all the cement types used. The peak values of the
cube compressive strength are obtained from the concrete specimen made with
Lucky cement. Subsequently, Pak land cement concrete gave the most consider-
able compressive strength. Finally, the strengths achieved by DG Cement and
Black bull are gradually decreasing.

Finally, on the basis of the obtained results, forecast of the concrete compres-
sion strength at a given curing time (7 <t <28) can be done starting from that

at 7 days through the following relationship:
f,, =f,,+t°% (7<t<28) (1

where:

£, = concrete compression strength after a curing time ¢from 8 to 28 days;

1.7 = concrete compression strength after a curing time #= 7 days;

t = curing period variable from 8 to 28 days.

Equation (1) provides concrete compression resistances on the safe side with
respect to experimental values, as shown in the comparison graph of Figure 3,
where a maximum experimental-theoretical scatter of about 8% is noticed (see
Table 3). This confirms the reliability of the equation found to predict the con-

crete compression strength with the curing time.

4.3. Tensile Strength of Concrete

Split tensile strength was conducted for all cylinders in accordance to ASTM
C496/C496M-17 standards [28]. Results of split tensile strength on cylinders
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Figure 3. Comparison between theoretical and experimental compression strength aver-

age values for concrete specimens made of black bull (a); Pak land (b); Lucky (c) and DG
(d) cements.

Table 3. Experimental-theoretical comparison among compression strength values for
the tested concrete cubes.

14 days 28 days
Type of

cement Experimental ~ Theoretical ~ Scatter =~ Experimental =~ Theoretical  Scatter

(MPa) (MPa) % (MPa) (MPa) %

Black Bull 17.65 17.71 / 21.86 20.87 4

Pak Land 25.05 24.5 2 29.75 27.66 7

Lucky 26.44 25.71 3 30.58 28.87 6

DG 22.55 21.32 5 26.76 24.48 8

made of four different types of cement at curing times of 7, 14 and 28 days are
shown in Figure 4. For these tests the tensile strengths have a variability greater
than that deriving from compression test strength values. The average tensile
strengths are illustrated in Figure 5.

It may be observed from Figure 5 that the cylinder specimens cast by using
Lucky cement revealed the highest tensile strength. However, on the other hand,
less performance is achieved by Black bull cement as compared to Lucky cement.

Finally, on the basis of the obtained results, forecast of the concrete tensile
strength at a given curing time (7 <t < 28) can be simply done starting from the

corresponding compression strength value through the following relationship:

foo =0.10xf , (7<t<28) (2)
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Figure 4. Results of experimental tensile tests on specimens made of (a) Black bull; (b)
Pak land; (c) Lucky and (d) DG cement brands.
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Figure 5. Split tensile strengths of cylinders at curing period of 7, 14 and 28 days.

where:

L= concrete tensile strength after a curing time ¢from 7 to 28 days;

L. = concrete compression strength after a curing time #from 7 to 28 days.

Equation (2) provides concrete tensile resistances not always on the safe side
with respect to experimental values, as shown in the comparison graph of Figure
6. In particular, as shown more in detail in Table 4, the prediction formula
overestimates the strength of concretes with curing time of 7 days made of Pak
Land (also at 14 days), Lucky and DG cements with maximum experimen-
tal-theoretical scatters from 1% to 10%. This is due to the larger variability of
tensile strength results in comparison to those deriving from compression tests.
However, the prediction formula seems to be quite good, since the detected

scatters are limited.
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Table 4. Experimental-theoretical comparison among tensile strength values for the tested concrete cubes.

7 days 14 days 28 days
Type of
cement Experimental ~ Theoretical ~ Scatter =~ Experimental — Theoretical ~ Scatter =~ Experimental Theoretical = Scatter
(MPa) (MPa) % (MPa) (MPa) (%) (MPa) (MPa) %
Black Bull 1.32 1.21 -8 1.88 1.77 -6 2.31 2.09 -9
Pak Land 1.76 1.89 8 2.39 2.45 3 2.89 2.77 -4
Lucky 1.99 2.02 1 2.68 2.57 -4 3.22 2.89 -10
DG 1.44 1.58 10 2.31 2.13 -8 2.75 2.45 -11
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Figure 6. Comparison between theoretical and experimental tensile strength average val-
ues for concrete specimens made of (a) Black bull; (b) Pak land; (c) Lucky and (d) DG
cement brands.

Moreover, simple relationships have been found to predict the tensile strength
of concrete at a given curing time ¢ (14 or 28 days) starting from that achieved
after 7-days maturation as follows:

fouws = fop +0.2xIn(t) for £ = 14 days (3)
fos = foi7 #0.3xIn(t) for r = 28 days (4)
where:

£,7 = concrete tensile strength after a curing time ¢ of 7 days;

£,a4 = concrete tensile strength after a curing time ¢ of 14 days;

£ p3 = concrete tensile strength after a curing time ¢ of 28 days.

The effectiveness of the above formulas is proved by the comparison between
experimental values and theoretical ones shown in Table 5, where it is apparent
that both prediction strengths are almost always less than experimental ones and
scatters are within the range [-9%, +1%].
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Table 5. Experimental-theoretical comparison among tensile strength values for the
tested concrete cubes.

14 days 28 days
Type of
cement Experimental — Theoretical ~ Scatter  Experimental Theoretical —Scatter
(MPa) (MPa) (%) (MPa) (MPa) (%)
Black Bull 1.88 1.74 -7 2.31 2.21 —4
Pak Land 2.39 2.42 1 2.89 2.89 /
Lucky 2.68 2.54 -5 3.22 3.01 -4
DG 2.31 2.1 -9 2.75 2.58 -6

5. Conclusions

This research work compares the compressive and tensile strength test results of
four different cement types available in the market of Sindh province. On the
basis of compressive and tensile strengths of concrete using four cement types,
namely Black Bull, Pak Land, Lucky and DG, it could be concluded that:

1) The lucky cement gave the maximum compressive strength and the ob-
tained peak value was about 31 MPa after a curing period of 28 days and could
be considered for constructing all kind of structures.

2) Maximum tensile strength is also obtained when the concrete specimens
are made of Lucky cement. The peak value obtained for cylinders is 3.22 MPa for
the curing time of 28 days.

3) The compressive strengths obtained from the remaining three cement
types, Le. Pak land, DG and Black Bull, are 29.75 MPa, 26.76 MPa and 21.86
MPa, respectively, for the maximum curing period of 28 days.

4) Split tensile strength test results obtained from the remaining three cement
types (Pak land, DG and Black Bull) revealed strengths equal to 2.8 MPa, 2.75
MPa and 2.31 MPa, respectively, for the curing period of 28 days.

5) By comparing all obtained test results and the different curing periods of 7,
14 and 28 days, the brand labeled Lucky cement performed better among all four
types of cements used in this work. On the other hand, remaining three cement
brands revealed little less strength, however, still meeting with the International
standards.

6) Simple polynomial and natural logarithmic functions have been found to
predict on the safe side the concrete compression strengths and tensile ones, re-
spectively.

Finally, the above results demonstrated the reliability of the study carried out,
even if additional tests should be performed in order to have also a statistical
distribution of strengths to predict in better way the resistance of concrete spe-
cimens made of the different cement brands investigated.
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