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Ethiopia’s construction industry is aggressively expanding than ever before. Cement is themost essential and expensive material in
this regard. Cement takes 10%–15% by volume of concrete. Nowadays, the construction industry is challenged by the scarcity of
cement and price escalation of the cement market. However, scholars try to replace cement with pozzolanic material. Besides this,
they investigated that bamboo leaf ash possesses pozzolanic properties. Ethiopia has about 850,000 hectares of lowland bamboo, so
it is good to utilize bamboo leaf ash as a replacement material for cement. In this study, the capability of lowland Ethiopian
bamboo leaf ash as a partial substitute for cement in C-25 concrete production with 0%, 5%, 10%, 15%, and 20% replacement of
OPC by BLA with 0.49 percent water-to-cement ratio was investigated. )is study examines the chemical properties of BLA,
physical properties of cement paste, workability, compressive strength, water absorption, density, and sulfate attack of concrete.
)e chemical composition of bamboo leaf ash was examined, the summation of SiO2, AlO3, and FeO3 is 76.35%, and the ash was
classified class N pozzolan. )e normal consistency percentage of water increases as the BLA replacement amount increases, and
both initial and final setting time ranges increase as the BLA replacement amount increases. )e compressive strength of concrete
for 5% and 10% BLA achieves the target mean strength (33.5MPa) on the 28th day, and on the 56th day, 5% and 10% replacements
increase the concrete strength by 1.84% and 0.12%, respectively. )e water absorption and sulfate attack have significant im-
provement of the BLA-blended concrete on 5% and 10% BLA content. According to the findings, bamboo leaf ash potentially
substitutes cement up to 10%.)e outcome of the study will balance the cement price escalation and increase housing affordability
without compromise in quality.

1. Introduction

Concrete is a substance that is made up of several different
components that contain a binding base where there are
embedded particles or fragments of aggregates [1]. Concrete
is composed of cement, aggregates, chemical admixtures,
mineral admixtures, and water and encompasses all artificial
materials in quantity. Concrete utilization on our planet
Earth is in billions of tons. )us, one million metric tons of
CO2 are produced per annum due to cement consumption
and production, which, in turn, causes environmental
threats [2]. )e manufacturing of portland cement is

expensive with energy consumption at a very high tem-
perature. )e cement industry roughly emits 900 kg of CO2
every 1,000 kg of cement, with around 5% of all carbon
dioxide emissions [3]. When manufacturing portland ce-
ment burning at a large rotary kiln at an approximate
temperature of 1,400°C, the amount of coal required to
manufacture 1 (one) ton of cement is between 100 kg and
about 350 kg [4]. Cement manufacturing needs much energy
consumption and releases harmful gas to the environment,
polluting the atmosphere. Partial cement replacement with
locally available material will reduce the amount of energy
and environmental impact. It is a good way to use
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agricultural waste, an industrial by-product, and plant re-
sidual in the designated position of portland cement to
reduce the consumption of the raw materials, protect the
environment, and enhance the quality of cement. Partial
replacement of cement with waste material that has poz-
zolanic properties in concrete production is a worldwide
practice [5]. Nowadays, some agricultural by-products and
wastes are attracting much research because of their poz-
zolanic content for use as additives in commercial portland
cement [6]. )e performance of concrete is commonly
improved due to the hydration phase during the pozzolanic
reaction. Several research studies on the use of bamboo leaf
ash (BLA) as a pozzolanic material in the making of concrete
have been undertaken across the world. [7] investigated that
the bamboo leaf ash is a good pozzolanic material that reacts
with calcium hydroxide forming calcium silicate hydrate.
)e pozzolanic activity of bamboo leaf ash increases with the
increase in time and temperature. [8] concluded that BLA
can be used as a natural pozzolan to replace cement in
concrete production. [9] investigated that for concrete grade
M-20, from the results, the measured value of maximum
load and compressive strength of 5% blended concrete was
higher than that of OPC (0%) concrete. But, only 5% and
10% blended concretes reached the target strength. How-
ever, nothing has been done, based on the findings, to in-
vestigate the viability of using Ethiopian BLA for this
purpose. However, Ethiopia is gifted with huge bamboo
resources. According to the records, Ethiopia has around 1
million hectares of bamboo forest, accounting for around 67
percent of African bamboo forest cover and 7% of global
bamboo forest cover [10]. )e availability of bamboo, the
low technology required to process it into ash, and its
pozzolanic reaction necessitate its usage as a material for the
production of some building elements for affordable
housing provision, especially in developing countries. As a
consequence, this study aims to find out how bamboo leaf
ash mixed with cement affects the qualities of concrete. An
experimental investigation will be carried out to examine the
impact of partial replacement of BLA on the mechanical and
physical properties of concretes such as consistency, setting
time, workability, compressive strength microstructure, and
durability.

2. Materials

2.1. Cement. For this study, ordinary portland cement
(OPC), which is manufactured from a Dangote cement
factory, was available at markets and tested according to the
ASTM standards. Table 1 illustrates the physical properties
of the cement, Figure 1.

2.2. Bamboo Leaf. )e bamboo leaf used for this study was
taken from Awi Zone, Ethiopia. One metric ton of bamboo
leaf was collected from the source and then sun-dried, and it
was burnt in an open environment before being burned in a
furnace for two hours at 600°C in which it was found to be an
amorphous material containing amorphous silica [7]. )is is
to remove extra carbon in the ash. Bamboo leaf ash is

produced at the DTU Chemistry Department laboratory.
After the bamboo leaf was burned, it was sieved through a
75 μm; the ash that remained was ground using a small mill
machine found in Debre Tabor University's Faculty of
Computing's mechanical unit operation laboratory. Physical
and chemical compositions of BLA used for this study are as
shown in Tables 2 and 3. )e ASTM standard was used for
physical property testing. )e analytical methodologies are
LiBO2, fusion, HF attack, gravimetric, colorimetric, and
AAS. In November 2020, the Ethiopian Geological Survey’s
Geochemical Laboratory Directorate conducted the test.)e
fineness of the ash retained on 45 μm (No. 325) sieve is
30.50%, which is less than the maximum value of 34%
specified by ASTMC 618.

2.3. Coarse Aggregate. For this study, the crushed aggregate
of basaltic rock was used.)e size of the maximum aggregate
size is 25mm. )e types and methods of tests are given in
Table 4.

2.4. Fine Aggregate. For the sake of this specific study, river
sand was used as a fine aggregate. )e following tests and
methods are conducted as given in Table 5.

2.5. Water. For this study, potable water available in the
Faculty of Technology, Civil Engineering Construction
Material Laboratory, Debre Tabor University, was used in all
mixes and curing.

3. Experimental Procedure

3.1. Mix Design. In this specific study, the mix design of
concrete with determined ratios of cement, sand, water,
coarse aggregate, and BLA was proportioned for a C-25
concrete grade based on the ACI mix design method. )e
trail mix was organized for characteristic strength of 25MPa,
while the water-to-cement ratio was 0.49 and ordinary
portland cement content was 365 kg/m3. Table 6 shows the
mix code designation for the proportioning.

3.2. Mix Proportioning. )e mix proportion of concrete
ingredients was performed following ACI 211.1 mix design
practice. A total of 72 cubes were prepared in five series of
concrete mixes. )ese ratios were 0%, 5%, 10%, 15%, and
20%. Here, it was prepared as a control mix OPC without the
addition of BLA, whereas the remaining four series of
concrete mixes were prepared by partial replacement of OPC
with different percentages of bamboo leaf ash. )e water-to-
cement ratio of all the series of concrete mixes was kept
constant at 0.49. )e summaries of the mix proportion of all
series of concrete mixes are shown in Table 7.

3.3. Specimen Preparation. )e following sampling methods
were applied to this study. For each cement replacement
percentage, three 150 mm x 150 mm x 150 mm cube samples
were produced with BLA replacement percentages of 0%,
5%, 10%, 15%, and 20%. Concrete specimens were cast and
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Table 2: Chemical composition of BLA.

Oxide SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O H2O LoI
BLA composition 65.66 6.41 4.28 15.22 2.48 2.76 4.84 1.03 9.65

Table 1: Cement properties.

Properties Result Test standard
Soundness (mm) 0.9 ASTM C-151

Setting time (min) Initial 120 ASTM C-191
Final 280 ASTM C-191

Consistency (%) 26% ASTM C-187

(a) (b) (c)

(e) (f)

(d)

Figure 1: Bamboo leaf ash (BLA) preparation process. (a) Bamboo leaf. (b) Sun-dried bamboo leaf. (c) BL burning in the open air. (d) BLA
from the open-air burning. (e) In the furnace, BLA is burning. (f ) BLA from the furnace.

Table 3: Physical properties of bamboo leaf ash.

Parameters Result
Color Dark gray
Specific gravity 2.15 g/cc
Fineness 30.50%
Density 1217 kg/m3

Table 4: Physical properties of coarse aggregate.

No. Types of tests Test result Test
standard

1. Nominal maximum aggregate
size 25mm ASTM-C33

2. Bulk unit weight 1611 kg/
m3 ASTM-C29

3. Specific gravity 2.63 ASTM-C127
4. Absorption 1.41% ASTM-C127
5. Moisture content 0.53% ASTM-C566

Table 6: Mix code designation.

No. Mix code Description
1. Control OPC or BLA0 Control mix or no addition of BLA
2. BLA5 5% replacement of cement by BLA
3. BLA10 10% replacement of cement by BLA
4. BLA15 15% replacement of cement by BLA
5. BLA20 20% replacement of cement by BLA

Table 5: Physical properties of fine aggregate.

No. Types of tests Test result Test standard
1. Fineness modulus 2.93 ASTM-C136
2. Bulk unit weight 1820 kg/m3 ASTM-C29
3. Specific gravity 2.75 ASTM-C128
4. Absorption 2.1% ASTM-C128
5. Moisture content 1.03% ASTM-C566
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cured in the open tank for 3rd, 7th, 28th, and 56th days
having 3 cube specimens for each duration andmix type.)e
concrete specimens with a total of 12 cubes were cured in the
open tank for 7 days and kept in the open environment for 2
days, and then, the specimen is weighed and immersed in 5%
Na2.SO4 solution for 56 days to test the sulfate attack. A total
of 12 cubes were cured in a tank for 28 days and then
checked the water absorption of the concrete cube for each
percentage replacement.

3.4. Testing of Specimens. )e slump test is carried out as per
the procedures mentioned in ASTM C143. ASTM 143 re-
ports that the slump value is measured in terms of inch
(millimeters) to the nearest 1⁄4 inches (5mm) of subsidence
of the specimen during the test. )e compressive strength
test of concrete was conducted on a concrete cube of
150mm× 150mmx 150mm on 3rd, 7th, 28th, and 56th days
using a compressive strength testing machine, which has a
maximum capacity of 2,000KN. )e average compressive
strength of the three specimens was the strength value.

In this study, the durability of concrete will be examined
by water absorption and sulfate attack. To examine the
sulfate attack, the casted concrete cubes are soaked in 5%
Na2.SO4 solution to examine the sulfate attack (durability)
through testing the compressive strength of concrete before
and after soaking into solution. While the minimum dis-
tance between the cubes was at least 25mm, the casted cube
specimens were placed in the oven; the specimen was dried
in the oven in which the temperature was controlled at 110°C
for 72 hours. )e dried specimen was cooled for 24 hrs,
before measuring the weight of the specimens. Subsequently,
the dried specimen was soaked in water for 24 hrs. Next to
this, the specimen was removed from the water and the
weight of the specimen was again measured. )e water
absorption of the specimens was determined to know the
water absorption capacity and durability of concrete.

BS 1881: Part 122 states that the absorption test shall be
performed when the age of the concrete is from 28 days to 32
days. )e drying of concrete specimens shall begin at an age
of 24 days to 28 days. For this study, 28th-day concrete
specimens were selected for the water absorption test. )e
sulfate attack test shall be made when the age of concrete is
56 days. )e water absorption, expressed in percentage, was
then computed using the following equation [11].

water absorbition in (%) �
Mw − Md

Md

, (1)

where Mw is the mass of wet specimen after immersion in
water for 72 hours, and Md is the mass of oven-dried
specimen before immersion in water.

4. Results and Discussion

4.1. Slump Tests. One of the most essential qualities of fresh
concrete is its workability. )e slump test is the simplest
workability test for concrete, due to its low cost, and also
provides immediate results. Concrete should be workable
enough to cast, consolidate, and finish; therefore, in all types

of mixes slump tests were performed to determine the
workability of freshly mixed concrete. )e Ethiopian stan-
dard makes no mention of a workability test. )e slump test
is carried out as per the procedures mentioned in ASTM
C143. ASTM 143 reports that the slump value is measured in
terms of inch (millimeters) to the nearest 1⁄4 inches (5mm)
of subsidence of the specimen during the test. )e sum-
maries of the slump test results are as shown in Table 8
below.

As shown in Table 8, as the replacement percentage of
BLA increases, the slump value goes down. )erefore, the
probable reason was due to the fineness of BLA and their
large specific surface area though all other factors are
constant [12]. Finer particle requires more water to wet their
larger specific surface area. But up to 10% replacement level,
the slump is still in the estimated range of 25mm to 50mm.

4.2. Dry Density. )e density of hardened concrete is de-
termined based on the volume and the weight of the concrete
cube. However, the weight of the specimens was measured
just before the compressive strength testing was conducted.
Here, the density of concrete specimens is calculated by
using the 28th-day weight and the result is as shown below in
Table 9.

Referring to Table 9, the density of concrete decreased as
the percentage of BLA replacement levels increased. )e
probable reason is that the specific gravity of Dangote OPC
cement (3.15) is higher than bamboo leaf ash with a specific
gravity of 2.15, and referring back to section Physical
Properties of BLA, unit weight is 1,217 kg/m3 that is lighter
than OPC cement of 1,400 kg/m3. )e density reduction
shown in this table is for the 28th day. Here, the density
reduction is compared with the reference mix of OPC
control with BLA5, BLA10, BLA15, and BLA20; therefore,
the density reduction is 0.25, 0.89, 1.67, and 2.06,
respectively.

Based on the results shown in Table 9, there is a major
reduction in density, while the percentage of BLA re-
placement level is raised.)e reduction in concrete density is
an important property of concrete to build high-rise
buildings, consequently, suitable for lightweight concrete
construction. )erefore, the replacement of cement with
BLA is very important to construct economical buildings
and reduce building failures (settlement) due to heavy self-
weight. )e density of hardened concrete obtained from this
study obtained similar results when compared with those of
the studies of [13–15].

4.3. Compressive Strength. )e compressive strength test of
concrete is the main test conducted on the properties of
hardened concrete. Here, the test was performed for all of
the concrete cubes on the 3rd, 7th, 28th, and 56th days after
the casting date using a compression testing machine. For
each of the results, the average values of three cubes were
taken as their compressive strength. )e overall compressive
strength test result for all of the concrete cubes is as shown in
Figure 2 below.
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From Table 10, the compressive strength of concrete was
checked taking bamboo leaf ash (BLA) as a partial re-
placement for cement up to 10%, and the OPC control
achieved the target mean strength of 33.5Mpa after 28 days;
however, the mix designations for BLA15% and BLA20% did

not. However, the compressive strength values of BLA15%
and BLA20% were 30.47MPa and 27.88MPa, respectively,
and they attain the characteristic strength of 25MPa on the
28th day.

From Table 10, BLA5%, BLA10%, BLA15%, and
BLA20% had shown the compressive strength reduction by
4.27%, 4.86%, 16.65%, and 27.76% respectively, as compared
to the OPC control mix on the 28th day. )is indicates that
the compressive strength of BLA-blended concrete decreases
with an increase in BLA content. )e reason for compressive
strength reduction is due to the high replacement of BLA
and cement content reduction per cubicmeter of concrete by
5%, 10%, 15%, and 20% from the normal concrete mix, also
the pozzolanic reaction takes a long time, and this leads to
compressive strength reduction [16].

)e compressive strength of normal concrete and
concrete blended with BLA at the curing age of 3rd, 7th,
28th, and 56th days is displayed in Figure 2. It can be ob-
served that BLA as a partial substitute for cement up to 10%
and OPC control meet the goal mean strength of 33.5Mpa at
28 days, but the mix designations for BLA15% and BLA20%
did not. However, the compressive strength values of
BLA15% and BLA20% were 32.32MPa and 29.51MPa, re-
spectively, and they attain the characteristic strength of 25
Mpa on the 28th day. )ere was also a subsequent strength
increase at 56 days for percentage replacement from 5% to
10% replacement and a decline in strength at 15% and 20%
replacements as compared to the reference mix. )e average
compressive strength value of 5% and 10% BLA on the 56th
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Figure 2: Compressive strength results for 3rd, 7th, 28th, and 56th
days.

Table 7: Mix proportion summery.

Mix designation BLA% (%)
Quantity of material per cubic meter (kg/m3)

W/C ratio
Cement BLA Water Fine agg Coarse agg

OPC C 0 365 0 196.74 778 1086 0.49
BLA5 5 346.5 18.25 196.74 778 1086 0.49
BLA10 10 328.5 36.5 196.44 778 1086 0.49
BLA15 15 310.25 54.75 196.44 742.15 1086 0.49
BLA20 20 292 73 196.44 739.75 1086 0.49
BLA�Bamboo leaf ash W/C�water-to-cement ratio.

Table 8: Slump value.

S. no Mix code W/C ratio Observed slump (mm)
1 Control OPC 0.49 30
2 BLA5 0.49 25
3 BLA10 0.49 25
4 BLA15 0.49 20
5 BLA20 0.49 20

Table 9: Density of hardened concrete.

Mix code )e density of hardened concrete on the 28th day Reduction (%)
Control OPC 2389 0.00
BLA5% 2383 0.25
BLA10% 2368 0.89
BLA15% 2350 1.67
BLA20% 2341 2.06
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day were 40.68MPa and 39.98MPa, respectively, which is
greater than the control mix (39.93MPa). It is because BLA
has more silicon dioxide than OPC, and calcium silicate
hydrate (C-S-H) develops over long hydration times [7].)e
data on top of the bar chart are the standard deviation of
compressive strength.

Referring to Table 10, the percentage increase at 56th day
compressive strength test relative to the control sample at 5%
and 10% replacements was 1.84% and 0.12%, while the
percentage decrease at 15% and 20% BLA replacements
relative to the control sample was by 3.24% and 4.45%. )e
increase in strength could be a result of the presence of a high
amount of silica (SiO2) 65.66% in the ash and the amount of
CaO is 15.22% which was responsible for the formation of
tricalcium silicate and dicalcium silicate which both do
oxidize with water to form a C-H-S bond (calcium silicate
hydrate) which was the determining factor for strength gain
[1]. )e optimum strength was recorded at 10% BLA re-
placement at 56th day curing age. It could be that C-S-H is
most effective at 10% BLA replacement. )e compressive
strength obtained from this study found better results when
compared with those of earlier studies [13–15].

Referring to Table 11 and Figure 2, for all concrete
mixtures of BLA with their respective curing ages, the mean
standard deviation is less than 15%. )e concrete mix was
performed according to the mix design procedures and
techniques as per validity analysis.

)e degree to which the results of a measure (experi-
mental work) accurately reflect the variable for which they
were designed is known as validity. )e mean compressive
strength of concrete for each specimen and the curing age
were themain experimental work (test) variables in this study.
)is variable was validated by comparing it to the design-
required target mean strength and analyzing the standard
deviation between concrete cube specimens for each curing
duration. Concrete’s compressive strength increases with
curing time. One method for determining the validity of the
mean compressive strength test results is to use the standard
deviation of the concrete cube specimen. If the individual
variation is less than 15% of the average, the average of three
specimen values shall be taken as representative of the batch,
according to Indian Standard, 2006. )ere is no detailed
information about this in any Ethiopian concrete standard.

4.4. Water Absorption. )e overall water absorption test
result for all of the concrete cubes is as shown in Table 12
below.

Referring to Table 12, the water absorption of BLA-
blended cement concrete cubes is shown. A general BLA10%
water absorption is higher than control OPC and then starts

increasing from 15% to 20%. )e percentage water ab-
sorption ranges between 2.9% and 3.6% with the least value
attained at 5% BLA (2.90%) content, and the greatest value of
3.6% is attained at 20% BLA content on the 28th day. )e
water absorption of the 5% and 10% BLA-blended cement
concrete specimens did not have much water absorption as
the reference, which is an indication of the integration of
BLA in the voids thereby causing impermeability. )e de-
crease in water absorbed at lower BLA replacement is also
qualified to the initial filling of the voids by the BLA in-
gredient. )e decrease in water absorbed at lower BLA
replacement may be attributed to the initial filling of the
voids by the incorporated BLA [11]. However, at higher
levels of BLA substitution, there was an insufficient quantity
of calcium hydroxide to react with the excess BLA, thus
creating pores in the mixture and thereby increasing the
water absorption. )is finding agrees with previous obser-
vations by [11, 14].

4.5. Sulfate Attack Analysis. )e effect of BLA replacement
on sulfate resistance was examined after 56 days of curing
age. )e BLA-blended concrete sulfate resistance result is
expressed in terms of compressive strength loss. )e result is
presented in Figure 3 below.

)e compressive strength loss due to sodium sulfate
attack after immersing the specimens for 56 days in the 5%
sodium sulfate solution for the control mix (BLA0%) was
assessed as 4.58%. As referring to Figure 3, the BLA-blended
mix, BLA5%, BLA10%, BLA15%, and BLA20% suffered
3.37%, 3.93%, 4.63%, and 4.79% strength loss at their age of

Table 10: Compressive strength reduction and increment value.

Mix code Control OPC BLA5 BLA10 BLA15 BLA20
28th-day compressive strength (MPa) 37.70 36.16 35.96 32.32 29.51
Reduction (%) 0.00 4.27 4.86 16.65 27.76
56th-day compressive strength (MPa) 39.93 40.68 39.98 38.68 38.23
Increments (%) 0.00 1.84 0.12 -3.24 -4.45

Table 11: Mean standard deviation from the compressive strength
average value.

Mix code
Mean standard deviation value (%)

3rd day 7th day 28th day 56th day
Control OPC 0.45 0.78 3.41 0.13
BLA5% 0.55 0.98 0.51 0.13
BLA10% 0.81 0.41 0.18 0.07
BLA15% 0.21 1.00 0.35 1.17
BLA20% 0.50 1.88 1.88 2.42

Table 12: Water absorption of BLA-blended cement concrete.

Mix code Water absorption (%)
Control OPC 3.00
BLA5% 2.9
BLA10% 3.1
BLA15% 3.2
BLA20% 3.6
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56th day. Maximum strength loss was experienced in BLA
20%, whereas minimum loss was noticed in BLA5%. Loss of
strength increased with BLA as the replacement amount
increased. But, BLA10% strength loss is higher than control
OPC loss of strength that increased with BLA content.
Sodium sulfate reacts with calcium hydroxide and hydrated
calcium aluminates. It completely decomposes the hydrated
calcium silicates and makes the concrete a friable mass
[17, 18]. Resistance to sulfate attack is found more in
concrete made with 5% and 10% bamboo leaf ash due to a
rise in homogeneity and decrease in sorptivity [19]. )e
result obtained from this study found better results when
compared with those of the study by [20]. According to [20],
investigation of OPC/BLA-blended cement concrete at 10%
replacement was performed better in Na2SO4 solution over
that of OPC concrete cured in the same medium solution at
56th-day curing age. )e OPC concrete in Na2SO4 solution
shows signs of strength loss from 23.64 to 21.82.

4.6. Regression and Correlation. In regression analysis, the
value of at least one independent variable is used to predict
the value of a dependent variable. It explains how changes
in an independent variable influence the dependent vari-
able. )e dependent variable in this case was compressive
strength, while the independent variable was density.
Origin Pro 2021 was used to simultaneously calculate the
linear regression equation and correlation. )e degree of
association (linear relationship) between two variables is
determined using correlation analysis. It is all about how
strong the relationship between variables is. )e sample
correlation coefficient “r” is a measure of the strength of the
linear relationship between the sample observations.
Pearson’s correlation coefficient (r) is unit free; it ranges
between −1 and 1. Hence, −1 is a negative relationship, 0 is
the weaker or no relationship, and 1 is a positive linear
relationship [21].

4.6.1. Density and Compressive Strength. It is drafted as a
linear equation with two variables (X and Y). For three cube
specimens, X is the average density of concrete. Under
various BLA additions, Y represents the average compressive
strength of concrete. )e sample correlation coefficient is a
measurement of the strength of the linear relationship be-
tween the experimental results.

Figure 4 shows that the compressive strength of concrete
increases with curing age as the density of the concrete
increases. It demonstrates that the compressive strength and
density of concrete are directly proportional variables. )e
28th-day compressive strength has a significant positive
correlation (0.960) as related to the 28th-day concrete
density, as shown in Figure 5. In line with this, as stated in
the previous sections, Pearson’s correlation coefficient (r) is
between −1 and +1. Based on this, the correlation coefficient
is +0.960, which is a nearly positive one, arguing that the
28th-day compressive strength and 28th-day density have a
direct relationship.

According to Figure 6, the compressive strength of
concrete increases as the density decreases for the control
mix, 5% BLA replacement, and 10% BLA replacement but
decreases for the other mixes as the density decreases on the
56th-day curing age of concrete. On the 56th day of curing,
Table 4 shows that the compressive strength of concrete
decreases as the density of the concrete decreases. It dem-
onstrates that concrete compressive strength and density are
proportional variables for 15% and 20% BLA replacement.
)e coefficient of correlation between the 56th-day com-
pressive strength and the 56th concrete density is 0.343. )is
result agreed with the previous regression analysis. Referring
to Figure 6, the compressive strength of concrete increases as
density decreases for the control mix, 5% BLA replacement,
and 10% BLA replacement at the 56th-day curing age. )is
explains why there is less correlation between compressive
strength and density at the 56th-day curing age.

4.6.2. Water Absorption and Compressive Strength. )e
sample correlation coefficient is a measurement of the
strength of the linear relationship between the experimental
outcome and the sample correlation coefficient. )e average
of all mix compressive strength and water absorption value
at the 28th-day curing age was used to calculate the cor-
relation. )e formula is a two-variable linear equation (X
and Y). For three cube samples, X represents the average
water absorption of curing concrete on the 28th day, and Y
represents the average compressive strength of concrete at
various BLA replacement levels.

)e regression graph of Figure 7 demonstrates that the
compressive strength of concrete decreases as the water
absorption of the concrete increases. It demonstrates that the
compressive strength and water absorption of concrete are
inversely proportional variables. )e 28th-day compressive
strength has a significant negative correlation (−0.931) with
the 28th-day water absorption (%). )is correlation analysis
shows that water absorption and concrete compressive
strength had a negatively strong relationship. Accordingly,
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Figure 3: Strength loss due to sodium sulfate (Na2SO4) attack.
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this study proved that as water absorption percent increases
the compressive strength decreases.

4.6.3. Water Absorption and Density of Concrete. )e cor-
relation was calculated using the average of all mix density
and water absorption values at the 28th-day curing age. )e
formula is a two-variable linear equation (X and Y). For
three cube samples, the average water absorption of 28th-day
cured concrete is X and Y represents the average density of
concrete at various BLA replacement levels.

According to the regression analysis illustrated in Fig-
ure 5, the density of concrete decreases as the water ab-
sorption of the concrete increases. It indicates that concrete
water absorption and density are inversely proportional
variables. Referring to Figure 5, the 28th-day concrete
density has a substantial negative connection (−0.892) with
the 28th-day water absorption percentage. According to this
correlation finding, there is a negative link between water
absorption and concrete density. As a result, the study
demonstrated that as the percentage of water absorption
increases, the density decreases.

5. Conclusions

BLA was utilized as a cement-substituting material on
concrete production based on experimental investigation,
from which the following conclusion was derived. )e
workability of concrete decreases as the BLA replacement
amount increases, but the setting time, water percentage for
consistency, and soundness of cement paste all increase. On
the 28th day, the compressive strength of concrete made
with partial replacement of cement by up to 10% attains the
target mean strength (33.5MPa), and there are 1.84% and
0.12% enhancements in compressive strength values for 5%
and 10% replacements compared to the control mix on the
56th day, while the density reduced as the BLA replacement
increased. )e water absorption of the BLA-blended

2355 2370 2385 24002340
28th day density of concrete (Kg/m3)

28

30

32

34

36

38

40

28
th

 d
ay

 co
m

pr
es

siv
e s

tr
en

gt
h 

(M
pa

)

Equation y = -331.31953 + 0.15451*x
Plot 28th day compressive strength
Pearson’s r 0.95874

Figure 4: Compressive strength and density regression at 28 days.
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concrete was lower than the reference at 5% and 10% BLA
content, and the BLA-blended concrete showed significant
sulfate attack resistance, particularly when compared to the
reference. Based on the study of compressive strength and
durability (water absorption and sulfate attack), 10% re-
placement of cement by BLA is the optimum percentage for
obtaining maximum strength values.

Data Availability

)e experimental data used to support the findings of this
study are available from the corresponding author upon
request.
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