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Abstract
The objective was to compare the use of M30 grade concrete admixture to 

partially replace coarse aggregate in lightweight concrete with a novel pumice 
aggregate using conventional concrete. Two groups prepared in 70% cement mix-
ture and instead of 20% silica fume, 10% metakaolin was fixed in this concrete. 
Novel pumice was used as coarse aggregate and M-sand as fine aggregate. An 
independent t-test was calculated using 80% G-power. Metakaolin and silica 
fume are purchased from scientific institutes and novel pumice is arranged from 
online traders. Results: The group of 18 cubes was formed according to the curing 
date for 28 days. A total of two groups were prepared and a total of 36 cubes 
were prepared to find the compressive strength. The independent sample t-test 
on two groups showed that there was a statistically significant difference with 
p < 0.000 (p < 0.05). This represents group statistics for a sample group of 20% 
silica fume and 10% of metakaolin and novel pumice stone as coarse aggregate. 
mean (34.3311, 36.8061), standard deviation (1.65492, 1.58424), and standard 
error mean (0.39007, 0.37341). The average M30 grade of concrete at 28 days of 
compressive strength test result of conventional concrete is 34.33 N/mm2. The 
M30 Grade of concrete at 28 days of compressive strength test result of concrete 
with novel pumice stone and partial replacement of silica fume and metakaolin 
by the weight of cement is 36.80 N/mm2 for average result of group 1 and for 18 
cubes. The compressive strength of M30 grade of concrete at 28 days of compres-
sive strength test result of concrete with novel pumice stone and partial replace-
ment of silica fume and metakaolin by the weight of cement is increased in the 
percentage of 6.67% over the conventional concrete. It shows better results and 
performance over conventional concrete.
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Introduction
During the course of history, concrete has been a common building mate-

rial. Concrete is a material that personifies sturdiness. Investigations have been 
made into this building material’s durability for the present infrastructure needs 
[1]. Concrete’s strength is its capacity to withstand forces that would otherwise 
diminish or increase its strength [2]. The availability of concrete is beginning to 
dwindle as a result of its extensive use in this century. Aggregates account for 
around 70% of the weight of concrete. Because of the daily rise in construction 
activity, natural aggregates are highly sought. It is essential to create some en-
vironmentally friendly materials which will fulfill a similar function as coarse 
aggregate due to the ongoing depletion of natural resources [3]. Many issues 
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tion of dense, homogenous interfacial zones between aggre-
gate grains [9].

Scoria are basalt-like in nature, have uneven shapes, and 
are frequently quite vesicular. Novel pumice and scoria typi-
cally differ in weight, color, and crystallinity. Novel pumice is a 
raw material that is very light and porous [10]. It can be found 
around the world, especially in a number of emerging nations 
where there are locations where there has been or is currently 
volcanic activity [11]. Reduced dead weight in constructing 
structures is a benefit of using aggregates that are lightweight 
to produce lightweight concrete [6].

Materials and Method
The experiment was undertaken in the Saveetha School of 

Engineering Concrete Laboratory, which is part of the Civil 
Engineering Department. The project was to be fabricated in 
M30 design concrete cubes. To determine concrete’s compres-
sive strength, 150 x 150 x 150 mm concrete cubes of various 
sizes were made. Novel pumice stone (8 - 12 mm thickness), 
Figure 1 shows the silica fume and figure 2 shows the me-

were noted, among which were constrained to: growing high 
construction supply costs, consumption of non-renewable 
building materials that raise the price of housing units overall, 
rejection of local building materials, and inadequate support of 
localized construction materials empirical investigations [4]. 
Researchers have been looking into less expensive substitutes 
that would perfectly replace these materials, keeping the in-
dustry standards for concrete because the price of making con-
crete in Nigeria using conventional materials like river sand 
for the fine aggregate, granite for the coarse aggregate, and 
cement has increased [5]. In a developing country like Nigeria, 
switching out the coarse aggregate with cheaper local alterna-
tives or even materials like quarry dust can greatly boost the 
production of concrete with the necessary properties at a rea-
sonable price [1]. It will significantly lower production costs, 
which will lower construction costs as a result. Table 1 shows 
the coarse aggregate’s physical properties [6].

This will allow the quarry dust to be used productively 
rather than letting it go to waste and posing an environmental 
risk. Table 2 shows comparison of the chemical constituents of 
silica fume, metakaolin, and cement.

About 1190 results from the past five years researchers in 
Google Scholar. Novel pumice is a volcanic rock that weath-
ering has given a porous, rounded, and irregular appearance. 
Novel pumice and volcanic materials’ physical characteristics, 
such as density, friability, grain size, grain shape, and rough-
ness determine whether they are suitable for a given end appli-
cation [7]. Table 3 shows physical properties of novel pumice 
stone [8]. Yet, the aggregate’s porosity encourages the forma-

Table 1: Physical properties of the coarse aggregate.
S. No. Name of the test Result

1 Size 20 mm
2 Sieve analysis 20 mm
3 Water absorption 3.14%
4 Specific gravity 2.68

Table 2: Comparison of chemical properties of the cement, metakaolin and 
silica fume.

Contents Cement Metakaolin Silica fume
SiO2 (%) 20.1 54.9 93.38
CaO (%) 63.5 0.06 0.67

Al2O3 4.9 41.7 0.15
Fe2O3 3.6 1.07 0.21
MgO 1.2 0.84 0.10
TiO2 - 0.36 -

MnO2 2.9 - 1.28
LoI 1.7 1.03 1.46

Specific gravity 3.15 2.44 2.25
Color gray white Grey to off-whitish

Bulk density  
(kg/cc) 830 900 1300

Table 3: Physical properties of novel pumice stone.

S. No. Properties Values
1 Specific gravity 2.75
2 Water absorption 2.27%

Figure 1: Silica fume.

Figure 2: Metakaolin.
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There were 18 cubes cast for each mix design for a total 
of 72 cubes. The cubes were maintained for 24 h after casting 
before being demolded, and the curing period was taken to the 
compression strength of 28 days. Figure 5 shows the curing of 
concrete cube specimens. The specimen was obtained to deter-
mine the compressive strength once the curing procedure was 
finished [14]. The compressive strength in N/mm2 was calcu-
lated using the compression testing apparatus. The ultimate 
load was taken and calculated by using the stress formula and 
known about the maximum load resistance by the concrete 
cube specimen.

Statistical analysis

Software SPSS (Statistical Package for the Social Sci-

takaolin. Metakaolin and silica fume in powder format. Used 
materials are nanoscale materials.

The cement of the highest quality is made up of the nor-
mal cement content of argillaceous and calcareous materials, as 
well as other materials like gypsum. Figure 3 shows the novel 
pumice stone. M-sand was utilized as the fine aggregate, while 
novel pumice was employed as the coarse aggregate [12]. Fine 
aggregate is created from M-sand that has been sieved to a 
fineness of 4.75 microns. This project employed cement that 
complied with IS: 12269-2013 OPC 53 grade. Silica fume and 
metakaolin were utilized in accordance with IS: 12089-1987 
and Indian Standard Draft Code CED 2(7921), respectively 
[13].

Table 4 displays the cement’s characteristics, while table 
5 displays the fine aggregate’s physical characteristics. The 
M30 design was made with the mix proportion of 1:0.75:1.5 
(Cement:fine aggregate:coarse aggregate). Using cubes with a 
standard dimension of 150 mm x 150 mm x 150 mm, com-
pressive strength was determined. The casting of concrete cube 
specimens of 150 x 150 x 150 mm is seen in figure 4.

Table 4: Physical properties of cement.
S. No. Properties of cement Result

1 Fineness 90 microns
2 Specific gravity 3.1
3 Standard consistency 30%
4 Initial setting 30 min
5 Final setting 600 min

Table 5: Physical properties of fine aggregate.
S. No. Properties of cement Result

1 Size 4.75
2 Sieve analysis 2.59
3 Water absorption 3%
4 Specific gravity 2.65

Figure 3: Novel pumice stone size of 8 to 10 mm.

Figure 5: Curing of concrete.

Figure 4: Casting of concrete.
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ences) version 26 was used to evaluate experiment results. To 
determine the statistical significance between the study and 
control groups, an independent sample t-test was conducted. 
With this tool, the mean, standard deviation, and standard er-
ror of the mean were also computed for compressive strength. 
The bar graph of the conventional concrete and lightweight 
concrete comparison is shown in figure 6. T-test on an in-
dependent sample of significant values is 0.000, which is p < 
0.05. Represents group statistics for a sample group of 20% 
silica fume and 10% of metakaolin and novel pumice stone 
as coarse aggregate. Mean (34.3311, 36.8061), standard devi-
ation (1.65492, 1.58424), and standard error mean (0.39007, 
0.37341).

Results
The average M30 grade of concrete at 28 days of compres-

sive strength test result of conventional concrete is 34.33 N/
mm2. Table 6 shows the M30 grade of concrete at 28 days of 
compressive strength test result of conventional concrete. The 
M30 grade of concrete at 28 days of compressive strength test 
result of concrete with novel pumice stone and partial replace-
ment of silica fume and metakaolin by the weight of cement is 
36.80 N/mm2 for average result of group 1 and for 18 cubes.

Table 7 shows the M30 grade of concrete at 28 days of 
compressive strength test result of concrete with novel pumice 
stone and partial replacement of silica fume and metakaolin 
by the weight of cement. There is statistical significance dif-

Table 6: M30 grade of concrete at 28 days of compressive strength test result of conventional concrete.

S. No. Weight of the concrete cube specimen 
(Kg)

Ultimate load of the concrete cube specimen 
(kN)

Compressive strength for 28 days  
(N/mm2)

1 8.132 590 30.67
2 8.543 672 34.31
3 8.231 659 33.73
4 8.987 680 34.67
5 9.011 674 34.40
6 8.654 685 34.89
7 8.256 725 32.22
8 8.987 689 35.07
9 9.231 617 31.87
10 8.765 693 35.24
11 9.043 662 33.87
12 8.798 653 33.47
13 8.675 696 35.38
14 8.793 699 35.38
15 9.045 720 36.44
16 8.894 650 33.33
17 9.406 597 35.42
18 9.654 746 37.60

Table 7: M30 grade of concrete at 28 days of compressive strength test result of concrete with novel pumice stone and partial replacement of silica fume 
and metakaolin by the weight of cement.

S. No. Weight of the concrete cube specimen 
(Kg)

Ultimate load of the concrete cube specimen 
(kN)

Compressive strength for 28 days  
(N/mm2)

1 8.132 840 37.33
2 8.543 852 37.87
3 8.231 820 36.44
4 8.987 847 37.64
5 9.011 800 35.56
6 8.654 802 35.64
7 8.256 780 34.67
8 8.987 757 33.64
9 9.231 760 33.78
10 8.765 812 36.09
11 9.043 840 37.33
12 8.798 855 38.00
13 8.675 865 38.44
14 8.793 842 37.42
15 9.045 874 38.84
16 8.894 842 37.42
17 9.406 854 37.96
18 9.654 865 38.44
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ference between the compressive strength in an independent 
sample t-test significant value is p < 0.000, which is (p < 0.05). 
Represents group statistics for a sample group of 20% silica 
fume and 10% of metakaolin and novel pumice stone as coarse 
aggregate.

Table 8 shows the independent t-tests comparison for 
compressive strength test results. Mean (34.3311, 36.8061), 
standard deviation (1.65492, 1.58424), and standard error 
mean (0.39007, 0.37341). The group statistics obtained from 
the SPPS statistical analysis are displayed in table 9.

Figure 6 bar chart analysis of mean compressive strength 
of sample group of 20% of silica fume and 10% of metakaolin 
and novel pumice stone as coarse aggregate mixture of con-
crete and conventional concrete. Lightweight concrete shows 
better accuracy compared to conventional concrete. Mean ac-
curacy of detection = +/- 1 standard deviation.

Discussion
The ideal concentrations of silica fume and metakaolin to-

gether led to better performance to increase the strength, du-
rability, and hardness respectively. This mineral admixture was 
the best alternate material for cement and reduced the CO2 
emission from cement industry [15]. With its special chemical 
and physical characteristics, silica fume, a high-performance 
pozzolan, helps mix designs reach better levels of workability. 
When metakaolin is used in concrete as a partial replacement 
for cement, it combines with Ca(OH)2, one of the by-prod-
ucts of the hydration process of cement, to produce more 
C-S-H [16] gel and hence more strength. The experimental 
study evaluated the corrosion impact of metakaolin on a few 
concrete sample samples [17]. By analyzing the concrete pore 
solution, this was accomplished. 

The addition of silica fumes will significantly improve the 
strength and decrease the permeability of concrete, which will 
boost its durability in terms of chemical resistance, chloride 
attack, sulfate attack, and abrasion resistance. The alternative 
material for coarse aggregate is novel pumice stone [15]. Rocks 
of volcanic origin, such as novel pumice stones, are found all 
over the planet. A natural lightweight aggregate called novel 
pumice stone is thin enough and robust enough to be utilized 
in thin concrete [18].

Limitation in the usage of conventional material by alter-
nate materials from industrial waste: The compressive strength 
and tensile strength of conventional concrete and concrete that 
had different percentages of novel pumice from 5% to 30% 
replaced it were tested to determine the physical, mechanical, 
and durability aspects of concrete. Shotcrete and self-consoli-
dating concrete applications benefit from increased cohesive-
ness when silica fumes are used. Engineers and specifiers can 
achieve and even surpass design and performance require-
ments with the help of silica fumes in the next research.

Table 8: Independent samples t-test results for sample group of 20% of silica fume and 10% of metakaolin and novel pumice stone as coarse aggregate: 
this study shows the statistical significance difference observed for compressive strength in an independent sample t-test significant value is 0.000, which 
is (p < 0.05).

Levene's test for 
equality of  
variances

T-test for equality of means

F Sig. t df Sig. 
(2-tailed)

Mean 
difference

Std. error 
differ-
ence

95% CI of  
the difference

Lower Upper

Compressive 
strength

Equal variance 
assumed 0.052 0.822 -4.583 34 0.000 -2.47500 0.53999 -3.57239 -1.37761

Equal variance 
not assumed - - -4.583 33.935 0.000 0.53999 0.53999 -3.57246 -1.37754

Table 9: Represents group statistics for a sample group of 20% of silica fume and 10% of metakaolin and novel pumice stone as coarse aggregate. Mean 
(34.3311, 36.8061), standard deviation (1.65492, 1.58424), and standard error mean (0.39007, 0.37341).

Groups N Mean Std. deviation Std. error mean

Compressive strength (N/mm2)
Conventional concrete 18 34.3311 1.65492 0.39007
Lightweight concrete 18 36.8061 1.58424 0.37341

Figure 6: Bar chart analysis of mean compressive strength of sample group 
of 20% of silica fume and 10% of metakaolin and novel pumice stone as 
coarse aggregate mixture of concrete and conventional concrete. Light-
weight concrete shows better accuracy compared to conventional concrete. 
Mean accuracy of detection = +/- 1 standard deviation.
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Conclusion
The compressive strength of M30 grade of concrete at 

28 days of compressive strength test results of concrete with 
novel pumice stone and partial replacement of silica fume and 
metakaolin by the weight of cement is an increase in the per-
centage of 7.19% over the conventional concrete. Compared 
to traditional concrete, it exhibits greater outcomes and per-
formance.
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