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Abstract

This study i oncrete (SCC) using different brands of Portland

limestone ce essive, flexural, and tensile strengths. The results revealed that
Brand A cement, W r calcium oxide content, provided superior compressive strength and improved
rheological properties compared to other brands. This underscores the importance of cement composition,
particularly calcium oxide levels, in enhancing SCC's strength and workability. Rheological tests showed that SCC
4 excelled in viscosity, segregation, and passing ability, meeting EFNARC (2006) standards. Furthermore, SCC 1,
utilizing Brand A cement, met the compress-),irements for pavement construction at 28 days and

achieved the highest flexural strength. Additj monstrated the highest tensile strength, crucial for

preventing cracking and ensuring structuralwifindings highlight the significant impact of cement
quality on SCC performance, with Brand A emerging as the most effective for achieving high-strength concrete.

Keyword: Self-Compacting Concrete (SCC)*, Portland Limestone Cement?, Rheological Properties®, Compressive
Strength4, Flexural Strength®. “—

1. Introduction

Pavements play a crucial role in infrastructure, providing the essential foundation for roads and airfields. Concrete
pavements, known for their durability and strength, are often preferred over other materials due to their long-term
performance and resistance to heavy loads. Among the various types of concrete used, self-compacting concrete
(SCC) has emerged as a significant innovation, characterized by its ability to flow and consolidate under its own
weight, eliminating the need for mechanical vibration. This property is particularly advantageous in complex or
densely reinforced structures, where conventional concrete may face challenges in achieving proper compaction.
SCC’s performance is highly influenced by the quality of the cement used, as it affects both the rheological
properties and the mechanical strengths of the concrete. Portland limestone cement, commonly used in SCC, varies

in composition, which can significantly impact the concrete's behavior. This study focuses on evaluating the
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performance of SCC made with different brands of Portland limestone cement, analyzing aspects such as rheological
characteristics, compressive strength, flexural strength, and tensile strength. The aim is to identify how variations in
cement composition influence SCC properties and determine the most effective cement for high-performance
concrete.

2. Methodology

Experimental material: In the experimental work, locally available 4.75mm size aggregates were used as fine

aggregate. For airfield concrete pavement, the minimum required cement content depends on the maximu

with a water-to-cemey ) i garse ag according to the rational mix
SCC 1, 2, 3,and 4. Brand A is Grade

essed using the slump cone, V-funnel, and L-

0 achieve the desired workability, several trials were
and superplasticizer dosage while keeping the aggregate mass constant.
CONPLAST superplasticizer, as per EFNARC (2006) specifications, was used to enhance workability. Compressive
and flexural tests were conducted using 150mm x 150mm x 150mm and 100mm x 400mm x 100mm molds,

respectively, with oil applied to the mold interiors to prevent sticking. The concrete was mixed and cured following

ASTM (2011) standards.
3. Result and discussion -

According to Table 1, Brand C had the Iowe-he oxides, which could potentially affect its strength
properties, as suggested by the author. Among the'brands and grades of cement, Brand A contained a higher
amount of calcium oxide compared to the other two brands. This higher calcium oxide content may influence the
cement's strength and setting time. Tﬁe—pmr‘e detailed in Table 2. Brand A exhibited the highest

compressive strength, and the compositions of silicon and aluminum oxides also had implications for strength.

Table 1: Chemical composition of the cement brands

Parameters Brand A | Brand B Brand C Brand D
Potassium Oxide 0.34 0.32 0.37 0.35
Silicon Oxide 19.07 21.3 20.05 20.28
Sodium Oxide 0.42 0.54 0.6 0.58
Calcium Oxide 64.52 64.22 63.84 63.79
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Iron Oxide 0.72 0.85 0.63 0.94
Magnesium Oxide 2.2 2.1 1.98 2.02
Manganese Oxide 0.08 0.07 0.02 0.05
Aluminium Oxide 4.96 4.6 4.97 451

Table 2: Physical properties of the cements

Cement ! ‘ i Final Setting
Consistency ] )

Brands ' e : \T ime

Brand A 30 4 5 min

Brand B 30 5 .7 MPa

Brand 30 55 34.4 MPa

Br 30 in 29.8 MPa
Rheologica

Slump flow indicates the flowability of the mix. EFNARC (2002) standards were used to evaluate the rheological
properties of self-compacting concrete (SCC). Brand A's slump flow (T50) was outside the specified range of 2-5
seconds, whereas the other three brands fell within this limit (Fig. 3). All four SCC samples met the V-funnel

criteria, with results falling within the acceptable range of 6-12 seconds as per EFNARC (2002) specifications,
mst, used to assess the passing and filling ability of the

indicating satisfactory viscosity and filling abiVey
concrete mix, showed that SCC 1, SCC 2, SC‘II within the standard range of 0.8-1. However, SCC
2's L-box result was outside this range (Fig-/ SCC 4 demonstrated good rheological properties,
meeting specifications for viscosity (T50), segregv passing ability according to EFNARC (2006) standards.
The variations in rheological properties among the brands can be attributed to their chemical compositions.
Specifically, the higher calcium oxide‘MB, compared to Brand C, likely increased the setting

time and reduced workability, affecting the rheological results.
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Fig. 1: Rheological properties of the selected brand of cement
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Compressive Strength of SCC Mixes: Wright (1996) recommends a compressive strength of 27.6 kN/mm?2 for
concrete used in pavement construction. Figure 2 illustrates the compressive strength results of the SCC mixes at
various curing ages. The analysis revealed that SCC 1, made with cement Brand A, achieved this strength at 28 days
of curing, indicating its suitability for rigid pavement construction. In contrast, SCC 2, SCC 3, and SCC 4, which
used other cement brands, did not meet the specification for pavement construction at 28 days. This discrepancy
may be attributed to the grade and chemical composition of the cement brands. Brands A and B, with higher levels
of calcium oxide, aluminum oxide, and silicon oxide, could affect the clinker and gypsum content, which are critical
for cement strength. Despite this, they met the requirements for reinforced concrete structures.
while SCC 2 had the lo

using Brands A and C respectively, exhibite

kN/mm2. However, SCC 4 had the lowes ﬁswe strength

¥ EE B SN

F o (XN dnm2)

Fig. 2: Compressive strength of the selected brand at maturity

The results indicated that only SCC 1, using cement Brand A, met the specified compressive strength required for
pavement construction at maturity. Conversely, in some developing countries like Nigeria, construction workers
often prioritize brand names over cement gra”‘dewole et al. (2014). This practice can lead to the use
of lower-grade cement, negatively impacting —)presents the descriptive statistics for the compressive
strengths of the four SCC mixes with the sele-estone cements. The table includes the mean, median,
standard deviation, skewness, Kkurtosis, Jarque-@ues, and their corresponding probability values. The
statistical analysis after 91 days showed that the mean compressive strength for the four SCC mixes ranged from
18.47 to 30.60 KN/mm2. The median VAITESERGEANFOM 19.14 to 32.82 kN/mm2. The standard deviations for the
SCC mixes indicated significant variability around the mean, suggesting high variability in compressive strength.
The normality test, using Jarque-Bera statistics, confirmed the results. The skewness and kurtosis values indicated

that the compressive strength data are positively skewed and platykurtic.

Table 3: Descriptive statistics of the compressive strength of the SCC samples

e SCC1 SCC?2 SCC3 SCC4
Statistic
Mean 30.607 22.10444 21.64 18.47
Median 32.82 27.1 25.3 19.14
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Maximum 45.1 29.8 29.5 24.2
Minimum 13.44 10.21 9.55 8.82
Std. Dev. 12.41084 8.38848 8.04998 5.58168
Skewness -0.19797 -0.40725 -0.43846 -0.42886
Kurtosis 1.52481 1.39044 1.50325 1.84448
Jarque-Bera 0.87486 1.12848

Probability 0.64569 0.56879

Sum 275.463

249.2408

Sum Sq. Dev. 1232.232

However, the nted in Table 4 indicate a strong positive relationship between the

compressive strengths of the SCC mixes and the selected cement brands.

Table 4: Correlation of the compressive strength of the selected brands

SCC3 SCC4
0.979046 0.97127
0.99692 0.968206
1 0.979291
0.979291 1

SCC1
SCC1 1

SCC2 0.969433
SCC3 0.979046
SCC4 0.97127

i

Flexural Strength of the SCC Mixes

The flexural strength results of the SCCTIES e hown in Fig. 3. According to MCAAT (2009), concrete
pavements function as simple, plain, non-reinforced concrete beams, and are classified as rigid due to their inherent
beam strength, which enables them to span loads. Flexural strength is a critical parameter for calculating deflection
in rigid pavement and plays a key role in the structural design of concrete pavements, as highlighted by Wright
(1996).

L Py

Fig. 3: Flexural strength of the selected brands at maturity
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Correspondingly, flexural strength of SCC 1 was the highest and this meet up with the standard specification for
rigid pavement as specified by Wright (1996). The result of the flexural strength for SCC 1 also fell within the
specified value for airfield rigid pavement according to FAA (2014) and European specifications for high quality
JPCP which asserted that the flexural strength value should range from 4.3 to as high as 7.0 Mpa for all rigid
pavement applications. SCC 2, 3 and 4 flexural strength was below pavement specification, however, the values are
good enough for other structural applications as specified in BS 8110. Additionally, the correlation statistics
indicated a strong positive relationship, suggesting that as the curing age increased, the flexural strength of the

various SCC mixtures also increased.

Table 5: Descripti

Statistic SCC1

Mean

.671667

1.635
2.35
; 1.18
1.077732 0.465679
0 0.535288 0.288596
1.838567 2.010805 1.670139
0. 0.566867 0.53116 0.52542
Probability 0.769003 0.753193 0.766761 0.768965
Sum 19.05 12.49 13.16 10.03

Correlation of Flexural Strength for the Selected Brands
Regression analysis of the compressive and fw@t different ages revealed that the best fit for the data
followed a logarithmic trend. Table 6 presents the correlation statistics, while Table 7 provides the equations

flexural and compressive strengths and x represents

governing the trend and the R? values, where

G

the age.
Table 6: Correlation
-SSR
SCC1 SCC2 SCC3 SCC4

BRAND A 1 0.953066 0.939216 0.963215

BRAND B 0.953066 1 0.995969 0.986267

BRAND C 0.939216 0.995969 1 0.980307

BRAND D 0.963215 0.986267 0.980307 1

Table 7: Regression equations

MIX | REGRESSION EQUATION R SQUARE VALUE

FLEXURAL STRENGTH

scc1 y=8.844In{/0{(x)+0.4846 0.9211

scc?2 y=6.6221n{/0(x)+0.4497 0.8758

SCC3 y=6.36041ni/0}(x)+0.7369 0.9115

SCC 4 y=4.4679In{/0i(x)+3.7296 0.9772
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COMPRESSIVE STRENGTH

scc1 y=10.1491ni/0(x)-1.3517 0.8624
scc2 y=6.94231In{/0(x)+0.2068 0.8831
scc3 y=6.3601n/0i(x)+0.7369 0.9115
sScc4 y=4.46791In/0{(x)+3.7296 0.9772

Split Tensile Strength
Tensile properties have a direct impaet on the initiation of transverse cracking and corner breaks in concrete. The

tensile strength results for the SCC mixtures follQuegsassimilar trend to those observed-ig

curing. As the curing age increased, th@atligParif et S F mixtukes became
more pronounced. Madel predictions @aldi i , pressive strength suggest
ingredients remained consistent
ates that the brand and grade of cement

ires. This trend is also reflected in the results for
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4. Conclusion

This study thoroughly examined the performance of self-compacting concrete (SCC) using various brands of
Portland limestone cement, focusing on rheological, compressive, flexural, and tensile strengths. The results
highlighted that cement Brand A, with its higher calcium oxide content, provided superior compressive strength and
favorable rheological properties compared to the other brands. This indicates that the chemical composition of
cement, particularly the calcium oxide content, plays a crucial role in enhancing both the strength and workability of
SCC. Rheological assessments showed that SCC 4 exhibited the best performance in terms of viscosity, segregation,
and passing ability, aligning with EFNARC (2006) standards. In terms of compressive strength, SCC 1, made with
Brand A, met the requirements for pavement construction at 28 days, demonstrating its suitability for rigid
pavements. Similarly, SCC 1 also achieved the highest flexural strength, meeting the necessary specifications for

structural applications. Additionally, SCC 1 consistently outperformed other mixes in tensile strength, which is vital
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for resisting cracking and maintaining structural integrity. These findings underscore the significant impact of

cement quality on the overall performance of SCC, with Brand A proving to be the most effective in achieving high

strength and desirable properties for self-compacting concrete.
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