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Abstract
This engineering study investigates the mechanical properties and durability of Hollow Concrete Blocks (HCBs) made 
with banana leave-ash-replaced cement. This study focused on analyzing the physiochemical composition of banana 
leaf ashes (BLAs) and their impact on the mechanical and durability properties of these blocks. HCB production requires 
binding materials such as cement, and BLAs, a byproduct of agricultural waste containing Pozzolana, serve as an alterna-
tive. This study experimented with alternative mixtures to evaluate the influence of BLAs on the strength and durabil-
ity of blocks, particularly their resistance to acid and sulfate attacks. The test was conducted by partial replacement of 
Dangote Ordinary Portland cement 42.5R with 0%, 5%, 10%, 15%, and 20% BLAs for Class “A,” “B” and “C” HCBs. The test 
results indicated that HCBs produced by BLAs can replace cement HCBs to achieve better strength and durability proper-
ties with respect to standards. Statistical results show that BLAs have a significant effect on the compressive strength of 
HCBs. Chemically acidic and sulfate-attack-resistant HCBs were examined, and the results showed that HCBs with BLAs 
had good resistance. The results of an experimental study on the mechanical and durability properties of BLAs blended 
with cement HCBs showed that replacing BLAs by up to 20% improves the durability and strength of blocks, resulting 
in better performance than the standards. The optimum percentage of partial replacement of BLAs with cement to 
produce HCBs is 20%.

Keywords  Acid and sulfate attack · Banana leaves ashes (BLAs) · Durability · HCBs · Mechanical properties

1  Introduction

One of the most important human needs in the world is the shelter. In early times, human beings lived in caves built 
below ground level near the hill ends. They then tried to construct walls from mud, and over time, they engineered 
masonry techniques to form shelters [1]. To address the increasing demand and facilities, an optimum shelter design was 
developed to improve the structural formation of shelters. Large amounts of materials are required to obtain optimum 
shelters. Materials are essential constituents of mankind because of the benefits that can be generated from alterations 
in their properties. Materials include studies of the composition structure, development of new types of materials, and 
alteration of their properties to suit specific applications [2]. To form and build the structural part of the shelter, there 
was still a long struggle for the best possible materials for shelter construction. The desire to find safe structural materials 
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while considering the economy of the entire structure has prompted the choice and use of hollow concrete blocks [3]. 
These hollow concrete blocks are used in the construction of different infrastructures such as public buildings, residential 
buildings, and factories. These hollow blocks are mostly used in the construction of compound wall structures, owing to 
their advantages. These advantages include sound control, reduced dead load, fire resistance, sufficient strength, high 
thermal insulation, economical, durable, environmentally friendly, eco-friendly, very small joint mortar usage, fast and 
easy construction, and better architectural values [1]. In addition, building construction with hollow concrete blocks 
requires less plastering and provides easier installation for concealing electrical conduits, water, and sewer pipes [4]. The 
proportions of materials required for the production of HCBs are Portland cement (OPC or PPC), fine aggregate (sand), 
coarse aggregate (red ash or pumice), and water. The materials must be dust free and kept separately near the block 
production machine [5].

Portland cement is an environmentally harmful material because its production releases greenhouse gases and 
decreases the supply of limestone. Therefore, professionals must decrease the consumption of Portland cement as a 
substitute of supplementary cementitious material. Blended cement was chosen for its eco-friendliness [6]. According 
to estimates by different scholars, 5% of the global generation of carbon dioxide, which is known as a greenhouse gas, is 
produced by the cement industry. By 2020 at the global level, the cement production industry will be required to reduce 
its CO2 generation by 30–40% and 50% by 2050” [7].

From the list of materials used for the production of hollow concrete blocks, cement is the most energy-exhaustive 
and abundant material [8]. Ash forms different cementitious materials that are used as SCM’s to minimize the usage of 
cement content with an increase in strength. [9]. The consumption of ash from different SCMs is a possible partial sub-
stitute for cement in hollow concrete blocks; thus, BLAs are generated from banana leaves. The banana leaves comprise 
nearly 80% fluid stuff, and after drying, their weight decreases by approximately 80%. After burning the dry leaves, it 
resulted in 20% ash owing to its dry weight. This indicates that drying 1000 kg of fresh leaves and stems of banana trees 
yields 200 kg of dry leaves and 40 kg of BLAs [10]. BLAs, a by-product of banana-producing plants, were studied in [8] as 
a substitute for cement. His study displayed constructive and comparable results with cement not substituted by BLAs 
and aids with up to 6% replacement [8].

The BLAs, a partial substitute for cement, decreased the energy essential for cement production to 2275 0.86 MJ. 
This implies that it saved an average of 37. A total of 931% of the energy was consumed to produce one ton of Portland 
cement. The typical critical temperature for cement clinker formation is 1450 °C [11]. The typical temperature used to 
produce BLA is 550 °C, which minimizes the temperature used to form clinker to 900 °C, which decreases up to 62.069% 
of the temperature. This has an essential role in saving the excess energy consumed and reducing global warming. 
Several scholars have studied BLAs as partial substitutes for cement. Most findings presented positive outcomes and 
benefits. Agriculture is one of the most important sectors of economic activity that positively affects climate change [12]. 
To adequately address climate emergency issues, there is an urgent need to reduce Greenhouse Gas (GHG) emissions 
and adapt to the consequences of global warming [13]. The need for a compressive approach to climate action planning 
incorporates both adaptation and mitigation measures [14]. Using a new mitigation technology or system can reduce the 
emissions [15]. The mitigation measure in the present study was to avoid the landfill wastes generated by agriculture for 
using banana leaves, making ash for cement replacement. Therefore, the incorporation of banana leaf ash as a cementi-
tious material in the construction industry can significantly reduce cement usage. This in turn results in a decrease in 
energy consumption and greenhouse gas emissions during the production of clinker and cement. Consequently, this 
has the potential to mitigate the negative effects of cement production on climate change.

Therefore, this experimental study investigated the use of BLAs as partial substitutes for cement in hollow concrete 
block production.

2 � Materials and methods

2.1 � Materials

The materials used in this study were obtained from their respective sources, using various methods. The physical prop-
erties of the cement, sand, coarse aggregates (pumice), BLAs, and water, which were employed for the mix design, were 
examined in the laboratory and are enumerated below.
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2.1.1 � Water

The entire process of investigating potable water was supplied and used from the town water supply source to meet the 
water requirements for mixing and curing hollow concrete blocks as per ES 596:2001 [16].

2.1.2 � Cement 

The cement that was used in the study was Dangote OPC of 42.5R grade cement conforming to Ethiopian standard 
ES-1177–1-2005. Dangote Cement was produced in Ethiopia which compiles the requirements of the country. Its fine-
ness was tested in a laboratory. Properties such as the consistency (%), specific gravity, and initial setting time of the 
cement were studied.

2.1.3 � Aggregates

2.1.3.1  Fine aggregate (sand)  The sand particles passing through No. 4(4.75 mm) sieve, and retained in a No. 2000(75-
µm) sieve. Locally available riverbed sand free from silt was used as the fine aggregate. The fine aggregate particles 
packed to provide a minimum void ratio and higher void content necessitate more mixing water. The sand used in this 
study originated from the Konso Zone and was tested to determine its physical properties, including the specific gravity, 
water absorption, and fineness modulus. The sand was found to fulfill the standards set forth by the Ethiopian Standard 
ES 412:2000 and ES 81:1990.

2.1.3.2  Coarse aggregates (pumice)  Aggregates were predominantly retained on No.4 sieve (4.75  mm). Pumices free 
from silts from the local market were used as the coarse aggregates. The results of the investigation of coarse aggregates 
were within the permissible limits of the Ethiopian standard [16]. The classification of coarse aggregates Conforming to 
ES 412:2000 and ES 81:1990 was lightweight, normal weight, or a blend of both types.

The properties of the coarse aggregates (water absorption, moisture content, and specific gravity) were tested and 
the results are presented in Table 1. Pumice is an important construction material for the production of Hollow Concrete 
Blocks (HCB) supplied and used by HCB producers. The physical properties of these materials were investigated.

2.1.4 � Banana leaves ashes (BLAs)

The BLAs used in this study were produced from the leaves of the Arba Minch Zuriya Woreda, Chano, Lante, Sile, Wezeqa, 
and Mele Kebele. These were found to be of different sizes. It was then collected. After collection, it was dried in an oven 
at 105 ± 5c temperature for 12 h, and then fired in furnaces at 550c to form ash. It was then cooled and stored in a dry 
environment. To determine the physicochemical composition of the BLAs, the ash was sieved through a 75 µm sieve. 
The BLA preparation process is presented in Fig. 1a–e. The physical and chemical properties of Banana Leave ash (BLA) 
test result is presented in Table 2. 

Table 1   The physical property of fine and coarse aggregate

Pumice bulk density was 652.8 kg/m3 which was on the ratio 500–900 kg/m3

Test type Fine aggregate(sand) Course 
aggregate(pumice)

Specification limit for F. A(Sand) Specification limit 
for C.A(Pumice)

Nominal Maximum size 4.75 mm 37.5 mm 90–95% 75–90%
Moisture content 0.43 14.76% 0–5% Approx. ~ 30%
Unit weight of aggregate 1226 1572.2 kg/m3 768.8 kg/m3 1200 to 1760 kg/m3
Absorption capacity 0.36% 1.04% 5 to 20% own dry wt 5 to 20% own dry wt
Bulk Specific Gravity (SSD) 2.49 1.48 – –
Bulk Specific Gravity 2.34 1.56 – –
Apparent Specific Gravity 2.68 1.71 – –
Silt content 3.89% 4.29%  ≤ 6% –
Fineness modulus 2.82 2.86 Good sand (2.25–3.25) -
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2.2 � Methodology of the study

The methodologies used to achieve the objectives of this thesis are laboratory investigations and experimentation. The 
test was conducted on hollow concrete blocks of dimensions 40 × 20 × 20 cm. Experimental data collection methods 
were used in this study. The study conducted Physical tests such as compressive strength, durability tests such as acid 
and sulfate resistance tests at different ages of production, specific gravity, and chemical tests, and complete silicate 
analysis of BLAs using AAS and pH values using a pH meter were performed. The ASTM specification for the compres-
sive strength test specifies that the contact surfaces of the blocks with the testing machine should be capped with a 
1:1 mortar of 2–3 mm thickness. First, the block samples were placed in the compressive strength testing machine, and 
then the load was applied in the same direction as in the service. and the load was increased at the rate of 0.2 to 0.5 N/
mm2s until a sample broke [17]. The laboratory investigation outcomes were analyzed using descriptive analyses pre-
sented in tabular and graphical forms and charts using Excel 2010 software. Qualitative and quantitative analyses and 
discussions were conducted on the findings. Finally, based on the results, findings, conclusions, and recommendations 
are presented (Table 2).

2.2.1 � Properties of BLA replaced cement hollow concrete blocks (physical and chemical)

To study or determine the physical and chemical properties, samples must be prepared in the form of ash. Table 3 presents 
the mix combination of BLA percentages with OPC grade 42.5R cement.

2.2.1.1  Acid attack chemical resistance test  The test was conducted according to the ASTM C279-17[18] standard 
specification for chemical-resistant masonry units. The chemical resistance of HCBs Classes A, B, and C was stud-
ied through a chemical attack acid resistance test by immersing the samples in an acid solution. After curing for 
28 days, the mass and diagonal dimensions of 15 block specimens produced in OPC 42.5R and 15 block samples 
produced in each of the three classes A, B, and C were recorded. Five samples of each block class were immersed in 
3% H2SO4 solution. To prepare a 3% acid solution, 3 L of concentrated acid was mixed with 97 L of water. The com-
pressive strength of the hollow concrete blocks was determined according to the procedure given in IS: 516–1959. 
The hollow concrete blocks were cured in water for 28 days, then placed in acids for 28 d after being tested for 
compression strength. The changes in the compressive strengths of the blocks were studied after 28 days of immer-
sion in a 3% sulfuric acid solution.

Fig. 1   a Banana leaves col-
lection in oven b Oven dried 
BLA c Crushed dried banana 
leaves; d Burnt BLA in 550c in 
muffle furnace; e Fine sieved 
BLA after cooling

Table 2   The physical and 
chemical properties of Banana 
Leave ash (BLA)

Test specifics Properties Remark

Color Deep gray –
Shape/texture Irregular –
Mineralogy Non-crystalline –
Particle size  < 75 µm –
Oder Odorless Odorless
Specific gravity 3.05 –
Appearance Too fine Fine
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2.2.1.2  Sulfate attack chemical resistance test  The test was conducted according to the ASTM C279-17[18] standard 
specification for chemical-resistant masonry units. The chemical resistance of HCBs Classes A, B, and C was studied 
by immersing them in a 3% sodium sulfate solution. A 3% sodium sulfate solution was prepared by mixing 3 kg 
sodium sulfate salt with 100 L of water. After curing for 28 d, 15 block specimens produced in OPC 42.5R and 15 
block specimens produced in each of the three classes A, B, and C, their mass, diagonal dimensions, and compres-
sive strength were measured. Five blocks of each class were immersed in a 3% sodium sulfate solution. After 28th 
days of immersion, the changes in the average compressive strength were recorded. The compressive strength of 
the hollow concrete blocks was determined according to the procedure given in IS: 516–1959. The hollow con-
crete blocks were cured under water for 28 days, then placed in acids for 28 d after being tested for compression 
strength. The changes in the average compressive strengths of the blocks were studied after 28 d of immersion in 
a 3% sodium sulfate solution.

3 � Results and discussion

3.1 � Compressive strength taste result of Dangote OPC 42.5 R cement blended with BLA

In the experiments conducted, it was determined that only the cement content varied, whereas all the other param-
eters remained fixed. The main reason for such a decision and approach was based on the fact that the binding 
material content, which, according to the literature on cement replacement, was significantly responsible for the 
development of strength, dimensional stability, and durability of hollow concrete blocks. All blocks for the trial 
test were 40 × 20 × 20 cm HCBs with specified holes. In the compressive strength tests, the contact surfaces of the 
blocks with the testing machine were made plain by capping with a 1:1 mortar of 2–3 mm thickness. The samples 
were positioned in the testing machine such that the load is applied in the same direction as in service and the load 
is increased at the rate of 0.2–0.5 N/mm 2 s until the sample broke. Utilizing and understanding the performance 
of HCBs, class A, B, and C blocks were produced and tested for compressive strength at 7, 14, 21, and 28 days. The 
compressive strength of each HCBs was then calculated using the following equation:

where F= load on blocks in KN, A= Area in m2

In this study, hollow concrete blocks were produced with 0%, 5%, 10%, 15%, and 20% replacement of cement by 
BLAs in all categories of HCB size on Figure 2 is 40x20x20 cm specimens, in 7th, 14th, 21st and 28th days compres-
sive strength with BLA.

4 � Compressive strength taste results for Dangote OPC 42.5 R cement blended with BLA

4.1 � Analysis of in terms of replacement rate

These tests were conducted to determine the strength variation in the utilization of BLA as a partial substitute for 
Dangote OPC cement at different curing ages (7th, 14th, 21st, and 28th) to comply with the requirement for com-
parison. The results are discussed and described in the tables and graphs. The results are shown in Figs. 3, 4 and 5.

Compressive Strength of blocks

Table 3   Mix combination of 
BLA percentages with OPC 
grade 42.5R cement

Amount of BLA and OPC 42.5R cement Mix designation

0% BLAs and 100% Dangote OPC grade 42.5 Control mix(M-0)
5% BLAs and 95% Dangote OPC grade 42.5 M-1
10% BLAs and 90% Dangote OPC grade 42.5 M-2
15% BLAs and 85% Dangote OPC grade 42.5 M-3
20% BLAs and 80% Dangote OPC grade 42.5 M-4
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4.2 � Class A hollow concrete blocks made with 0%, 5%, 10%, 15% and 20%BLA with Dangote OPC

The above Fig. 3 shows that the average compressive strength of HCBs Class ‘A produced at 0%, 5%, 10%, 15% and 20% 
BLA replaced with Dangote OPC Cement at each replacement are in 7th, 14th, 21st, and 28th respectively, the result 
implies that increasing the percentage of replacement %BLA on Dangote OPC 42.5R cement produced blocks results in 
a decrease in average compressive strength of HCBs. The average compressive strength of hollow concrete blocks satis-
fies the requirements of the standards [16, 19, 20]. The 20% replacement of cement with BLAs banana leaves ash of the 

Fig. 2   Dimension of a typical 
hollow concrete block used 
for the research. Class A 
Hollow Concrete blocks 
made with 0%, 5%, 10%, 
15%and20%BLA with Dan-
gote OPC

Fig. 3   Average compressive 
Strength of Class A HCBs Pro-
duced by OPC 42.5R with %0, 
5%, 10%, 15% and 20%BLA. 
Class B Hollow Concrete 
blocks made with 0%, 5%, 
10%, 15% and 20%BLA with 
Dangote OPC 0
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Fig. 4   Average compres-
sive strength of Class B HCBs 
Produced by OPC 42.5R 
with %BLA. Class C Hollow 
Concrete blocks made with 
0%, 5%, 10%, 15%and20%BLA 
with Dangote OPC
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Fig. 5   Average Compres-
sive strength of Class C HCBs 
Produced by OPC 42.5R with 
%BLA
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compressive quality of cement by approximately 20–30% approximately at 28 days [21]. Subsequently, the compressive 
strength of the blocks failed in a 25% replacement mix in the trial tests. The concrete blocks containing BLA at the age 
of 7th, 14th, 21st, and 28th days were less in strength than the normal concrete blocks because the complete hydration 
process was not completed at 7 d. After completion of the hydration process, the silica from the BLAs reacts with the 
cement hydrates and provides strength [21]. Therefore, by using BLAs in the partial replacement of cement in hollow 
concrete blocks, it is possible to increase the strength of the blocks by reducing the consumption of cement [22]. The 
replacement of BLAs successfully fulfills the cementitious properties of concrete or hollow concrete blocks [8]. Because 
BLAs banana leaf ash displays pozzolanic properties, it is likewise used in the hydration process [21]. This indicates that 
the significance of the BLAs and its pozzolanic effect on the concrete masonry mixture were higher as a result with 
respect to standards.

Class B Hollow Concrete blocks made with 0%, 5%, 10%, 15% and 20%BLA with Dangote OPC.
The Fig. 4 illustrates that the average compressive strength of hollow concrete blocks Class ‘B produced at 0%, 5%, 

10%, 15%, and 20% BLA replaced with Dangote OPC Cement at each replacement rates in 7th, 14th, 21st, and 28th days 
respectively, the result shows that increasing the percentage of replacement %BLA on Dangote OPC 42.5R cement 
replaced blocks results in a decrease in average compressive strength of HCBs. The average compressive strength of 
HCBs is positive and meets the requirements of standards [16–19]. It is known that a 20% replacement of cement by 
supplementary cementitious material made with waste BLAsbanana leaf ash expands the compressive quality of cement 
by approximately 20–30% in 28 days after completing the hydration reaction.

[21]. This indicates that the pozzolanic effect of BLAs Banana Leaves Ashs on the HCBs mix is vital with respect to 
standards.

Class C Hollow Concrete blocks made with 0%, 5%, 10%, 15%and20%BLA with Dangote OPC.
Figure 5 explains the average compressive strength of hollow concrete blocks Class ‘C produced at 0%,5%,10%,15% 

and 20% BLA replaced with Dangote ordinary Portland Cement at each replacement rate in 7th, 14th, 21st, and 28th days. 
The figure shows that increasing the percentage of replacement (%BLA) on the Dangote OPC 42.5R cement blocks results 
in a decrease in the average compressive strength of the HCBs. The value of average compressive strength of HCBs Class 
“C” attained the requirements of the standards [16, 19]. In the trial tests, the compressive strength of the blocks failed in 
a 25% replacement mix of blocks. A further increase in the BLA reduced the strength of the HCBs. The highest average 
compressive strength was observed in the hollow concrete blocks at the age of 28th days of curing in 0%,5%,10%,15% 
and 20% BLA Dangote OPC. This indicates that BLAs generate pozzolanic activity, which is the reason for the develop-
ment of strength at the age of 28th days [24].

4.3 � Durability test (chemical resistance test on hollow concrete blocks)

4.3.1 � Acid attack resistance test

Strong Acids are toxic in nature, with pH values less than 7(seven) [18]. The phenomenon by which the hollow concrete 
block surface comes into contact with acids, such as H2SO4 (sulfuric acid), enables the surface and strength to break 
down this effect is known as acid attack (chemical resistance).

4.3.2 � Acid attack test of class A, B, and C HCBs produced BLA with Dangote OPC 42.5R

Table 4 shows the extent of acid attack on hollow concrete blocks, which is the resistance of hollow concrete blocks 
against sulfuric acid exposure in immersion tanks [18]. The acid attack test result of class “A” HCBs shows that there is 
an average reduction in compressive strength after exposure in sulfuric acid (H2SO4) in immersion tanks. The HCB com-
pressive strength after exposure satisfies the minimum requirements of the ASTM and Ethiopian standards [16, 25]. The 
result for sulfuric acid-exposed HCBs shows that as the percentage replacement increases, the reduction in compressive 
strength also increases. This means that the acidic resistance decreased with increasing percentage (%) of replacement.

4.3.3 � Acid attack test of class B HCBs produced BLA with Dangote OPC 42.5R

Table 5. Tabular result of Acid attack chemical resistance test of Class “B” Hollow Concrete Blocks.
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Table 5 shows the degree of acid attack on the hollow concrete blocks, which are the resistances of the hollow con-
crete blocks against sulfuric acid exposure in the H2SO4 immersion tank solution. From the acid attack test results of 
class “B” HCBs shows that sulfuric acid exposed to HCBs is described, and that as % replacement increases reduction in 
compressive strength also increases. This means acidic resistance decreases with an increasing percentage (%) of replace-
ment BLA after immersion in Sulphuric acid solution Tanks which of it satisfies the minimum requirements of ASTM and 
Ethiopian standards [16, 25]

4.3.4 � Acid attack test of class C HCBs produced BLA with Dangote OPC 42.5R

Table 6. Tabular result of Acid attack chemical resistance test of Class “C” Hollow Concrete Blocks.
Table 6 shows the extent of acid attack on hollow concrete blocks, which is the resistance of hollow concrete blocks 

against sulfuric acid exposure in immersion tanks [18]. From acid attack test result of class “C” HCBs shows that com-
pressive strength before exposure of sulfuric acid (H2SO4) for samples at 0% (8.2 MPa), 5% (7.7 MPa), 10% (7.3 MPa), 
15%(6.8 MPa) and 20%(6.6 MPa) whereas the compressive strength after exposure of sulfuric acid (H2SO4) has a value 
at 0% (7.8 MPa), 5% (7.2 MPa), 10%(6.8 MPa), 15%(6.2 MPa) and 20%(6.0 MPa) in each BLA replacement rates. The HCBs 
compressive strength after exposure satisfied the minimum requirements of the ASTM and Ethiopian standards [16]. 
The average reduction of compressive strength of class “C” hollow concrete blocks produced with Dangote OPC cement 
samples expressed as a percentage(%)was at 0%(5.89%), 5%(5.76%), 10%(7.27%), 15% (7.95%) and 20%(8.63%). The 
result for sulfuric acid-exposed HCBs shows that as the percentage replacement increases, the reduction in compressive 
strength also increases. This means that the acidic resistance decreased with increasing percentage (%) of replacement.

Table 4   Tabular result of Acid attack chemical resistance test of Class “A” Hollow Concrete Blocks

HCB Specimen size and test result Cement type Dan-OPC

Specification(cm*cm*cm) HCB Size:40*20*20 Acid attack test Strength level Class-A-

Sample NO Net area of HCB Sample designation Weight of HCB 
before expo-
sure

Weight of HCB 
after exposure

Compressive 
strength of HCB 
before exposure

Compressive 
strength of HCB 
after exposure

Reduction in 
Strength (%)

Press Strength Press Strength

1 40,800.0 0% BLAs/Control 19.45 18.31 369.3 9.1 351.6 8.6 4.79
2 40,800.0 5%BLAs 19.16 18.34 361.5 8.9 341.5 8.4 5.53
3 40,800.0 10%BLAs 18.95 17.10 356.5 8.7 330.6 8.1 7.27
4 40,800.0 15%BLAs 18.74 17.70 344.6 8.4 318.6 7.8 7.54
5 40,800.0 20%BLAs 18.56 17.60 339.6 8.3 315.6 7.7 7.07

Table 5   Tabular result of Acid attack chemical resistance test of Class “B” Hollow Concrete Blocks

HCB Specimen size and test result Cement type Dan-OPC

Specification(cm*cm*cm) HCB Size:40*20*20 Acid attack test Strength level Class-B-

Sample NO Net area of HCB Sample designation Weight of HCB 
before expo-
sure

Weight of HCB 
after exposure

Compressive 
strength of HCB 
before exposure

Compressive 
strength of HCB 
after exposure

Reduction in 
Strength (%)

Press Strength Press Strength

1 40,800.0 0% BLA/Control 18.65 17.31 364.3 8.9 346.6 8.5 4.86
2 40,800.0 5%BLAs 18.46 17.34 359.4 8.8 339.8 8.3 5.45
3 40,800.0 10%BLAs 17.99 16.14 352.5 8.6 330.6 8.1 6.21
4 40,800.0 15%BLAs 17.64 16.71 344.6 8.4 318.6 7.8 7.54
5 40,800.0 20%BLAs 17.46 16.63 339.6 8.3 310.6 7.6 8.54
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4.3.5 � Sulphate attack chemical resistance test

Sulfate attack tests on hollow concrete blocks are chemical resistance tests where sulfate ions attack the components of 
hollow concrete blocks by being involved on the surface of the blocks. The sulfate compound responsible for the sulfate 
attack test depended on the HCBs by applying water-soluble sulfate-containing salts, known as sodium sulfate (Na2SO4).

4.3.5.1  Sulphate attack test of class A, B, and C HCBs produced BLA with Dangote OPC 42.5R  Table 7 lists the sulfate attack 
chemical resistance tests on hollow concrete blocks. From the results, we understand that as (%) percentage of replace-
ment increases, the % reduction in compressive strength also increases. This means that as the percentage of replace-
ment increases, the resistance to sulfate attack decreases. Thus, the compressive strength of HCBs after exposure to 
Na2SO4 solution satisfies the minimum requirements of the ASTM [25] and Ethiopian standards [16]. This indicates that 
the Class ‘A hollow concrete block samples were sufficiently tough to resist chemical attack by sodium sulfate.

As Table 8 shows, the sulfate attack chemical resistance test on hollow concrete blocks shows that as (%)percent-
age of replacement increases, the % reduction in compressive strength also increases, which means that as the 
percentage of replacement increases, resistance to sulfate attack decreases. Thus, the compressive strength of HCBs 
after exposure to Na2SO4 satisfies the minimum requirements of Ethiopian and Indian standards [16, 19]. This indi-
cates that the average reduction % strength of Class ‘B HCBs samples were quite decreased in 20% replacement. As 
replacement increases, the chemical attack of sodium sulfate becomes resistant.

Table 6   Tabular result of Acid attack chemical resistance test of Class “C” Hollow Concrete Blocks

HCB In the present study Cement type Dan-OPC

Specification(cm*cm*cm) HCB Size:40*20*20 cm3 Acid attack test Strength level Class-C-

Sample NO Net Area of HCB Sample designation Weight of HCB 
before expo-
sure

Weight of HCB 
after exposure

Compressive 
strength of HCB 
before exposure

Compressive 
strength of HCB 
after exposure

Reduction in 
Strength (%)

Press Strength Press Strength

1 40,800.0 0% BLA/Control 17.65 15.51 336.4 8.2 316.6 7.8 5.89
2 40,800.0 5%BLAs 17.46 15.34 312.5 7.7 294.5 7.2 5.76
3 40,800.0 10%BLAs 17.49 15.50 298.3 7.3 276.6 6.8 7.27
4 40,800.0 15%BLAs 17.94 15.95 276.6 6.8 254.6 6.2 7.95
5 40,800.0 20%BLAs 17.76 15.64 269.9 6.6 246.6 6.0 8.63

Table 7   Tabular result of Sulphate attack chemical resistance test of Class “A” Hollow Concrete Blocks

HCB The present study Cement type Dan-OPC

Specification(cm*cm*cm) HCB Size:40*20*20 Sulphate Attack Test Strength Level Class-A-

Sample NO Net Area of HCB Sample designation Weight of HCB 
before expo-
sure

Weight of HCB 
after exposure

Compressive 
strength of HCB 
before exposure

Compressive 
strength of HCB 
after exposure

Reduction in 
Strength (%)

Press Strength Press Strength

1 40,800.0 0% BLA/Control 19.35 19.15 366.9 9.0 361.6 8.9 1.44
2 40,800.0 5%BLAs 19.05 18.85 357.8 8.8 351.5 8.6 1.76
3 40,800.0 10%BLAss 18.95 18.79 346.6 8.5 340.6 8.3 1.73
4 40,800.0 15%BLAs 18.74 18.49 338.9 8.3 331.9 8.1 2.07
5 40,800.0 20%BLAs 18.56 18.36 334.6 8.2 327.1 8.0 2.24
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4.4 � Sulfate attack of class C HCBs produced BLA with Dangote OPC 42.5R cement

Table 9. Tabular result of Sulphate attack chemical resistance test of Class “C” Hollow Concrete Blocks.
Table 9 shows that the sulfate attack chemical resistance test on hollow concrete blocks, where the results as (%) 

percentage of replacement increases the % reduction in compressive strength. This implies a direct relationship. This 
means that as the percentage of replacement increases, the resistance to sulfate attack decreases. Thus, the compres-
sive strength of HCBs after exposure to Na2SO4 satisfies the minimum requirements of Ethiopian and Indian standards 
[16, 19]. This indicates that the Class ‘B HCBs samples were hard enough to resist sodium sulfate chemical attack.

5 � Analysis of variance (ANOVA) Result

The ANOVA results for the compressive strength are presented in Table 10. The F critical value (F crit = 3.837) was lower 
than the F value (F = 11.323), indicating that the null hypothesis was rejected (the BLAs had a significant effect on the 
HCBs compressive strength). The CV value was less than 5%, demonstrating the high reliability of the experiment. 
Table 10 shows that the BLAs content has a statistically significant (α = 0.0023) effect on the compressive strength 
of different classes of HCBs, suggesting that the difference in compressive strength between the samples can be 
attributed to the difference in BLAs Table 10.

Table 8   Tabular result of Sulphate attack chemical resistance test of Class “B” Hollow Concrete Blocks

HCB The present study Cement type Dan-OPC

Specification(cm*cm*cm) HCB Size:40*20*20 Sulphate attack test Strength level Class-B-

Sample NO Net Area of HCB Sample designation Weight of HCB 
before expo-
sure

Weight of HCB 
after exposure

Compressive 
strength of HCB 
before exposure

Compressive 
strength of HCB 
after exposure

Reduction in 
Strength (%)

Press Strength Press Strength

1 40,800.0 0% BLA/Control 18.59 18.31 360.3 8.8 355.6 8.7 1.30
2 40,800.0 5%BLAs 18.46 18.28 351.5 8.6 342.9 8.4 2.45
3 40,800.0 10%BLAs 17.89 17.58 343.7 8.4 335.1 8.2 2.50
4 40,800.0 15%BLAs 17.65 17.39 335.6 8.2 326.3 8.0 2.77
5 40,800.0 20%BLAs 17.46 17.21 325.6 8.0 316.3 7.8 2.86

Table 9   Tabular result of Sulphate attack chemical resistance test of Class “C” Hollow Concrete Blocks

HCB The present study Cement type Dan-OPC

Specification(cm*cm*cm) HCB Size:40*20*20 Sulphate attack test Strength level Class-C-

Sample NO Net Area of HCB Sample designation Weight of HCB 
before expo-
sure

Weight of HCB 
after exposure

Compressive 
strength of HCB 
before exposure

Compressive 
strength of HCB 
after exposure

Reduction in 
Strength (%)

Press Strength Press Strength

1 40,800.0 0% BLA/Control 17.65 17.51 332.4 8.1 326.4 8.0 1.81
2 40,800.0 5%BLAs 16.46 16.32 312.8 7.7 306.3 7.5 2.08
3 40,800.0 10%BLAs 16.49 16.29 303.3 7.4 294.8 7.2 2.80
4 40,800.0 15%BLAs 16.38 16.14 279.9 6.9 270.4 6.6 3.39
5 40,800.0 20%BLAs 16.26 16.07 269.9 6.6 259.6 6.4 3.82
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6 � Conclusion

The strength of high-quality Hollow Concrete Blocks (HCBs) made with Dangote OPC cement appeared to decrease 
slightly with increasing replacement rates of banana leaf ash (BLAs) content compared to the control specimens. 
Nonetheless, the blocks’ compressive strength remained higher than the specified target strength for classes “A,” 
“B,” and “C” according to the standards. In addition, the strength of the material increases with age because of the 
pozzolanic reactions triggered by the BLA with cement. To evaluate durability, HCBs were made using Dangote OPC 
cement with varying percentages of BLA replacement (0%, 5%, 10%, 15%, and 20%) in sulfuric acid and sodium sulfate 
immersion tanks. The outcomes of the HCBs indicated a decrease in compressive strength following exposure to acid 
and sulfate attacks. Therefore, the blocks exhibited increased durability and resistance to acid and sulfate attacks, 
contributing to the enhanced compressive strength. In other words, the blocks demonstrate a greater capacity to 
withstand acid and sulfate attack, resulting in improved compressive strength. Thus, the results revealed that the 
optimum level of BLA addition in the blocks for compressive strength and durability tests was 20%. After exposure 
to sulfuric acid (H2SO4), sodium sulfate (Na2SO4) solution tanks satisfy the minimum requirements of Ethiopian and 
Indian standards [16] [19]. In conclusion, BLAs, a partial substitute for cement, decreased the energy essential for 
cement production to 2275 0.86 MJ. This means that it saved 37. 931% of the energy consumed to produce one ton of 
Portland cement. The typical temperature required to form a cement clinker is 1450 °C [11]. The typical temperature 
to produce BLA is 550 °C, which minimizes the temperature used to form clinker by 900 °C, which decreases up to 
62.069% of the temperature. This has an essential role in saving the excess energy consumed and reducing global 
warming. Previously, many scholars have studied banana leaf ash as a partial substitute for cement. The study was 
conducted by replacing hollow concrete blocks with banana leaf ash. This study focuses on the compressive strength 
and durability properties. The Study was limited to classes A, B, and C because class D was not available on the 
market. Because of the lack of finance, this study is limited to the study of replacing cement, and other parameters 
remain constant.

7 � Stakeholders participation in use of ash from banan leaves in cement

The absence of coordinated collaboration among stakeholders presents a significant obstacle in addressing climate-
related concerns [26]. In light of this, the Ethiopian Construction Minister has taken on the responsibility of embrac-
ing this pilot study and raising awareness among banana farmers. Additionally, design and consulting firms must 
assume responsibility for incorporating banana leaf ashes (BLAs) as alternative construction materials to promote 
green building and sustainability. Contractors also share this responsibility by ensuring that BLAs are employed in 
accordance with specified requirements.
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