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Agricultural waste can be used in cement block production for a number of
reasons, including its environmental, economic, and labor benefits. This study
examines the mechanical, durability, and cost-effectiveness characteristics of
cement blocks. A cement block made from agriculture waste promotes
sustainable construction practices, since waste agriculture is often dumped in
landfills and regarded as a waste material. Carbon dioxide (CO,) emissions
produced by the construction sector, either from the firing of clay bricks or
from the production of cement, contribute significantly to global warming. In
many developing countries, air pollution from agricultural activities is primarily
accounted for the emissions from agricultural machinery and openly burning
agro-waste. Farming is one of the leading causes of water and soil pollution.
Hence, adopting agricultural waste into cement production would significantly
reduce the environmental impact of concrete structures. The goal of this research
is to determine whether agricultural waste products, such as vermiculite, pistachio
shells, sugarcane bagasse, and coconut husks, can be used to substitute sand in
concrete blocks. The water absorption capacity of waste materials, density,
flexural strength, fire resistance, and compressive strength of waste materials
as admixtures in concrete were evaluated using experimental tests. In most cases,
the concrete blocks made from agricultural waste were strong enough to satisfy
ASTM standards. The specimens containing coconut husks and pistachio shells,
among others, were found to be fairly strong and durable, even when isolating
them from water.

KEYWORDS

flexural strength, compressive strength, workability, agricultural waste, durabilility

1 Introduction

The low cost and ease of construction of masonry-built houses have made it popular in
developing countries. Furthermore, masonry structures have an appearance of long-term
durability. Generally, masonry blocks are produced using a combination of cement and river
sand. In the literature, it is evident that several additional cementitious materials have been
used for sustainable construction materials production, including fly ash, waste glass powder,
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rice husk ash and metakaolin (Tayeh et al., 2021) (Sathvik et al.,
2023). A rapid increase in the demand for river sand has occurred in
many countries due to recent infrastructure developments. Due to
its non-renewable nature, river sand supply cannot satisfy the
increasing demand soon.

Managing crop residue is a major concern for farmers in India
and all around the world, as they struggle to manage economic
sustainability, adopt clean agriculture practices, and meet long-term
production goals (Zhao et al., 2018). Ecological contamination is
increasing alongside population growth because of waste creation
and unrestricted use of raw resource (Rashad, 2016). Another source
of pollution is the unrestricted use of agricultural resources. In
particular, agricultural waste is dumped openly and is becoming a
severe problem as open dumping harms both public health and
degrades the whole environment. Instead of dumping them,
agricultural waste products resulted to potentially be turned into
valuable resources to limit their negative impacts on the
environment (Loutou et al., 2019).

The need for fine aggregates is rapidly increasing in emerging
countries, owing to the recent growth in the building sector. River
sand is employed in various civil engineering projects. In India in
1992 the annual sand requirement of the construction industry was
9.4 x 10°m> However, this amount has been underestimated
because it covers only a portion of the country (Phonphuak
et al,, 2017). According to cement consumption and engineering
calculations, the demand for sand was estimated to be 17.37 x
106 m’ in 2007. River sand is India’s most frequently adopted fine
aggregate, and its over-exploitation to fulfill demand has had various
negative repercussions (Zhao et al., 2018). The Mines and Minerals
(Development and Regulation) Act of 1957 governs the
development and regulation of mines and minerals (Taki et al,
2020), and the Sustainable Sand Mining Management Guidelines for
2016 of the Ministry of Environment, Food, and Climate Change
regulate the exploration and mining of minerals. Keeping track of all
sand mining and transportation licenses is the responsibility of the
Indian Geological Survey and Mines Bureau. In light of the available
statistics, it is estimated that the annual supply of sand is
approximately 7.99 x 10°m’, which is significantly lower than
the corresponding demand (Teimouri et al.,, 2019).

Several researchers have investigated the feasibility of using
waste materials to produce masonry blocks owing to the
exceeding abundance of waste materials and the lack of sand
(Jittin et al., 2020). A viable solution to the environmental issue
is to recycle waste materials and convert them into construction
materials. Debris originating from construction, demolition,
industry, and nature can be repurposed as building materials. By
substituting fine aggregates with 89% building and demolition
debris, concrete blocks with a compressive strength greater than
7 MPa can be produced (Phonphuak et al,, 2016). In contrast,
blocks
demolition debris were reported to be more unstable than

concrete composed entirely of construction and
control blocks. Researchers have claimed that developing bricks
containing lighter, more thermally efficient, and compressible waste
will provide more cost-effective materials for constructing
sustainable buildings. Numerous materials have been investigated
for the manufacturing of masonry blocks and coal bottom ash,
including granite sawing waste, waste marble powder, fly ash, glass

powder, crumb rubber, cotton waste, paper mill waste, and cigarette
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butts (Munir et al., 2018). The report compared these different waste
materials in terms of water absorption rate and compressive
strength. The study also demonstrated the feasibility of using
these materials as partial replacements for sand (Kazmi et al., 2018).

Previous research has employed different waste materials in
masonry blocks (Kostrzewa-Demczuk et al.,, 2021), including tea
waste in bricks, straw in clay, and sawdust in adobe. Concrete was
prepared using rice husks instead of sand and gravel, whereas
agricultural rice husks or rice husks treated with 5% lime
results
containing rice-husk is lightweight and has good insulating

solution were used. The confirmed that concrete
properties. Other industrial by-products were combined to create
lightweight blocks, rice husks, and fly ash (Akinyemi et al., 2021). In
addition to weighing approximately 1,100 kg/m’, the resulting
blocks were thermal insulators, generating 0.20 W per meter
(Zhang et al., 2020a). This research aims to provide a practical
guide for the management of agriculture waste, utilize technology in
their operations, and contribute to the development of a more
sustainable and efficient construction industry. The following
research objectives are addressed in this study:

O1 To determine whether agricultural waste can be partially
substituted for sand in the production of cement blocks.

02 Evaluation of the physical, mechanical, and thermal
properties of cement blocks incorporating agricultural waste as a
partial sand replacement.

O3 Analyze the environmental and structural impacts of
substituting agricultural waste for sand in cement blocks.

04 Analyze the environmental impact of using agricultural
waste in cement blocks by conducting life cycle assessments and
comparing them to traditional sand-based blocks.

05 Examine the economic viability of using agricultural waste in
cement blocks, considering the cost of materials, production, and
potential market acceptance.

Several mechanical properties have been investigated for
concrete containing coconut husk as a coarse aggregate,
including flexural strength (Singh et al, 2018) (Javed et al,
2020), compressive strength, impact resistance, and splitting
tensile strength. Coconut husk can be used as aggregates in
lightweight concrete. In addition, such concrete’s final, binding
strength is significantly greater than the theoretical bond
strength. Furthermore, recent studies have indicated that coconut
shell-reinforced concrete beams exhibit good flexural strength
(Rashad, 2016). Moreover, lightweight coconut husk concrete
beams exhibit the same flexural behavior as other types of
lightweight concrete (Li et al., 2020Db).

As a result, research and development efforts have increasingly
focused on developing a sustainable replacement for river sand.
Several municipal and industrial wastes are being used as river sand
replacements, according to the existing literature (Bisht et al., 2020).
These include construction and demolition wastes, fly ash, quarry
dust, ash generated by red ceramic kilns, marble waste, recycled PET
sand, and bottom ash. Several studies have demonstrated that
construction materials containing industrial waste could meet the
standards as a partial or full alternative to river sand (Debrah and
Dinis, 2023). It is costly and requires a lot of energy to turn industrial
waste into fine aggregate. Consequently, reusing present materials or
substituting renewable materials for river sand are the focus of the
new developments (Sandanayake et al., 2022).
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FIGURE 1

Agricultural wastes used in the study: (A) vermiculite, (B) coconut husk, (C) pistachio shells, and (D) sugarcane bagasse.

Even though these waste materials could be used as fertilizers,
insulation, or fuel, considerable percentages are disposed to avoid
excessive accumulation (Li et al, 2020a). Previous investigations
have shown that abundant plant waste in rural regions can be
utilized to build less expensive structures (Journal and Scientific,
2014). More research is required on developing and using masonry
blocks containing agricultural waste materials, particularly in their
strength and longevity (Sutcu et al, 2019) (Kim et al, 2019).
Furthermore, no studies have been conducted comparing different
waste materials. Consequently, a suitable choice of the preferred waste
material for concrete block preparation cannot be made.

The present research aims to partially identify the best
agricultural waste sources for concrete block manufacturing and
determine whether agricultural waste can partially substitute sand in
concrete block manufacturing (Wu et al., 2021). Sand is replaced by
sugarcane bagasse, vermiculite, pistachio shells, and coconut husks.
The effects of these agricultural waste materials are evaluated in
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terms of density, water absorption rate, compressive strength,
flexural strength, and durability of cinder blocks to get better results.

This paper is organized as follows. Materials and methods are
explained in Section 2. Results of various tests carried out on
different concrete block mixtures are explained in Section 3.
Discussion of the results and comparison with previous studies is
presented in Section 4. Finally, the concluding remarks are
summarized in Section 5.

2 Materials and methods

Materials used in this study were Portland cement grade 53, fine
aggregate, vermiculite, pistachio shells, coconut husk, and sugarcane
bagasse. These specimens were cast and tested for mechanical,
alkaline, and acidic resistance properties. A thermal analysis was
also conducted.
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TABLE 1 Physical and chemical properties (Mohajerani et al., 2019).

Physical properties

Bulk density (kg/m?) 1,350 1,489

(a) Specific gravity 3.23 2.67
Fineness 0.65 3.43

Chemical composition Cement

Si0, 20.18 81.52

Ca0 67.53 3.28

MgO 1.28 0.93
ALO; 3.58 11.52

(b)

Fe,05 3.83 1.85

SO; 3.82 —

Na,O 0.56 1.23

K,0 043 1.35

2.1 Materials preparation

Concrete was constructed from ordinary Portland cement
grade 53 as its cementitious component. Approximately 1,362 kg
per cubic meter of cement and agriculture waste was shown in
Figure 1, and its specific gravity was anticipated to be 3.15.

The cement’s chemical compositions and physical properties are
listed in Table 1 (Pitarch et al., 2021) (Wong et al., 2018). Four types of
agricultural waste present in India were selected: vermiculite, pistachio
shells, sugarcane bagasse, and coconut husks, as shown in Figure 1. The
vermiculite, coconut husks, and pistachio shells were not processed,
whereas the sugarcane bagasse was crushed into 20 mm x 20 mm pieces
using a mortar and pestle (Onochie and Balkis, 2021).

Table 2 lists the physical characteristics of the solid waste utilized
for concrete block manufacturing. The samples were collected using
a screening process (Gladysz et al., 2018).

The blocks are comprised of agricultural river sand. Quartz
sand is known as silica sand in bulk. The density and specific
gravity of the sand were 1,476 kg/m® and 2.67, respectively. Sieve
analysis was performed to ensure that the local river sand
complied with the American Society of Testing and Materials
(ASTM) C136/C136M specifications. The analysis shows that the
local river sand exhibited a fineness modulus of 3.43. The sand
passed through a 4.75 mm sieve to a 75 yu sieve. When particle size

TABLE 2 Physical properties of the agricultural wastes used.

10.3389/fbuil.2023.1214788

ranges become narrower, the particle size distribution curve
slopes steeper. According to the experimental results, the river
sand used in this study was of poor quality (Yang et al., 2020).
Figure 2 depicts the sieve analysis of the materials employed.
Following ASTM C128, ASTM C29/C29M, and ASTM C136/
C136M, the specific gravity, bulk density and fineness modulus
may be calculated (Danso et al., 2015).

2.2 Material synthesis process

Synthesis of pistachio shell particles was carried out using the
top-down method. At different intervals of time, coarse particles
were ground into finer particles. The raw pistachio shells would need
to be cleaned and dried. Then, the shells would be broken down into
coarse particles using a mechanical process such as crushing or
milling.

2.2.1. Mechanization details

Nutshell particles were grounded into ultrafine powder by ball
milling raw pistachio shell particles. This experiment involved the
ball milling of an RFA sample without grinding aids, followed by
grinding aids. Amine and chloride-based grinding aid were used to
obtain the ultrafine particles. The pulverizer had three chambers to
produce ultrafine particles, as shown in Figure 3. The technical
details of the ultrafine pulverizer equipment are summarized in
Table 3.

The samples were pulverized in a horizontal attrition
laboratory pulverizer with a 440°C stainless steel dual cylinder
model, as shown in Figure 4. The grinding media was composed
of 20 kg stainless steel balls with @ 12 mm and ® 25 mm, as
shown in Figure 5. A sample is collected at various grinding
intervals and then stored in an airtight container for analysis. In
this process, stainless steel cylinders and balls were used as an
effective grinding media with low wear loss. The grinding
efficiency is higher and has a long performance compared to
the alumina and glass-based grinding media (Shah et al., 2022).

2.3 Estimation of particle size reduction

A particle size analyzer and Blaine’s fineness test were used to
determine the size of the pistachio shell particles reduced during ball
mill grinding. The ground pistachio shell particle having excellent
particle was estimated at different micron sizes.

ENEE] Bulk density (kg/m?3) Specific gravity Fineness modulus
Vermiculite 82 2.5 2.58
Coconut husk 125 1.25 6.5
Sugarcane bagasse 118 1.85 6.558
Pistachio shell 235 1.9 245
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FIGURE 2
Sieve analysis of the agricultural waste materials.

FIGURE 3

Ultrafine pulverizer equipment 1, 2, 3—Chambers, 4—Laser, 5-2 HP motor, 6—Digital indicator.

2.3.1 Blaine's specific surface area values

A Blaine’s fineness test was performed to determine the
specific surfaces of the RFA sample and the ball mill grinding
with varying grinding intervals of samples, as shown in Table 4.
The materials were ground at 15, 30, 45, 60, 120, and 180-min
intervals. The test results indicate that increasing the grinding
time results in smaller particles. The grinding interval of 30, 60,
120, and 180 min of the sample gave 243%, 359%, 385%, and
394% higher fineness, respectively, compared with the samples.
Similar results were found in a sample. The comparison of the
samples after 120 min of grinding shows that samples produced
more favorable results due to their natural grinding aid
properties (Neves et al., 2022). Similar results in particle size

Frontiers in Built Environment

reduction through Blaine’s fineness values were also obtained by
Mo et al. (2018).

2.3.2 Comparison of specific surface area values
and sieve residue

The sieve residue and Blaine’s fineness-specific surface area of
ball-milled pistachio shell with and without different grinding aid
results. The results demonstrated that the sieve residue gradually
decreases more with an increase in the grinding times of GPS, AGPS,
and CGPS samples compared with that of the RPS samples. The
specific surface area increases gradually up to 120 min after reaching
the saturation point. After 120 min percentage of the ground effect is
minimum. A similar trend was observed by Vayghan et al. (2012).
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TABLE 3 Technical data of ultrafine pulverizer equipment.

Equipment Details of equipment components
components
Motor and power 1.5 kW (2HP). Microprocessor-based variable
frequency drive. Single Phase 230 V A.C. with Proper
Earthing
Digital indicator Lesser sensor to count no of revolutions
Outer cylinder Hardened steel with a rigid core with a diameter of

16 cm and length of 21 cm

Inner cylinder Stainless steel with a diameter of 15 cm and length of
20 cm

Cylinder capacity 4L

No of chambers Three

Balls @ 12 and ® 25 mm

Powder-to-ball ratio 1:10

Cylinder running speed 120 m

FIGURE 5
Grinding balls with ® 12 and ® 25 mm.

The percentage of sieve residue progressively decreases with an
increase in the grinding period up to 120 min, which was identified
as the inflection point. After the inflection point, the sieve residue
increases due to particles’ agglomeration. A grinding aid improves
the specific surface area and residue levels compared with RPS
particles; the optimum grinding time was established at 120 min for
ultrafine pistachio shells. This is discussed in the upcoming section
(Asim et al., 2021).

2.4 Mix proportion

Based on the volume of mold, the percentage of materials
made in an appropriate quantity of the cement mix was selected.
In light of the primary purpose of this study, i.e., evaluating the

effectiveness of agricultural waste as partially substitutes for
FIGURE 4 sand in concrete block manufacturing, the same mix proportions
Outer and inner cylinder. used in the above research were determined to be suitable and
adequate for this study (Zong et al., 2014). Accordingly, a

TABLE 4 Blaine’s specific surface area values of materials.

Grinding time GPS-specific surface area m?/kg AGPS - specific surface area m*kg  CGPS-specific surface area m?/kg

15 1691.3 2056.9 1897.4
30 2493.7 2812.9 2630.1
45 2994.9 32203 3081.2
60 3,343 3612.1 3511.7
120 3,526 3,765 3,672
180 3,598 3,821 3,719
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TABLE 5 Mix proportions of agricultural waste materials.

‘le 19 pswiweyop

L0

[SSIRVIETMIIT]

Type of mix Material ratio Weight
Cement Waste material
Control 01:06:00 1,000 3,602 — 898
01:05:01 1,000 5,612 89 858
Vermiculite
01:04:02 1,000 4,532 189 816
01:03:03 1,000 3,238 286 978
01:05:01 1,000 5,614 298 1,228
Coconut husk
01:04:02 1,000 4252 588 1,339
01:03:03 1,000 3,355 876 2,685
Type of agricultural waste 01:05:05 1,000 5.120 93 -
Sugarcane bagasse 01:04:02 1,000 4253 178 1,131
01:03:03 1,000 3,658 278 1,028
01:05:01 1,000 5,818 72 1,089
Pistachio shells
01:04:02 1,000 4,532 132 1981
01:03:03 1,000 3,358 198 1988
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FIGURE 6
Brick casting and curing.

FIGURE 7
Specimens used in compression and flexural strength tests.

cement-to-sand volume ratio of 1:6 was employed in the control
block, and blocks with four agricultural wastes were compared to
this block (Wanggiang et al., 2019). The proportions of cement
to sand to agricultural waste were 1:5:1-Mix 1 (M1), 1:4:2-Mix 2

Frontiers in Built Environment

08

(M2), and 1:3:3-Mix 3 (M3), respectively. As the proportion of
agricultural waste increases in a given slump when cement
blocks are made from agricultural waste, the ratio of water to
cement increases accordingly. A high amount of water is
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required for the mortar mixture to flow because agricultural
wastes have a high absorption capacity (Goel et al., 2018).

Moreover, the water consumption was comparable for the
mortar mixes in which vermiculite and pistachio shells were
added to the control mortar mix. This may be because these
materials are less dense and absorb less water than the others.
Similar findings were obtained by adding tobacco trash to
concrete (Gupta et al, 2021) demonstrating a high-water
requirement for a given slump value. This was because the
increase in sugarcane bagasse made the mortar mix unusable.
Adding sugarcane bagasse ash to concrete led to a similar discovery.

To ensure consistency in workability, the cement-to-water ratio
was maintained at a slump value of 50 mm. Depending on the
aggregate particle size and gradation and the amount of sugarcane
bagasse in mortar, the amount of water varied depending on the
requirement. Vermiculite mortars, coconut husk mortars, and
pistachio shell mortars contained a cement-to-water ratio of
0.75-1.10 (Costa et al, 2020). On the contrary, cement mortar
containing sawdust and sugarcane bagasse required significantly
more water to achieve a 50 mm slump. Coconut husk and pistachio
shell were found to adversely affect the workability of the mortar mix
in this study (Zhang et al., 2020b).

Table 5 summarizes the mixtures of materials and water
needed to produce a slump. A higher proportion of
agricultural wastes in the mortar mixture changed the
required amount of water for mortar production. When
agricultural waste is added to cement mortar, the workability
generally decreases (Lopes et al., 2011). Consequently, the mortar
is compacted to an even greater degree. Water consumption
increases when waste material is included in the set work
process. Brick blocks were mixed and compressed by hand in
the experimental software. The first step was measuring and
combining the cement, sand, and waste items to produce a
homogeneous mixture. After this, water was continuously
added to the mixture until it became homogeneous. It took
approximately 20-30 min to mix the mixture thoroughly.
Based on the proportions indicated in The masonry blocks
dimensions are 215, 105, and 65 mm were produced (Benli
et al., 2020). The casting was showing in Figure 6.

2.5 Testing procedure

The collection of samples included 400 blocks: 25 for the control
blocks and 375 for the waste blocks. Each of the three mortar mixes
like waste-type blocks (1:5:1, 1:4:2, and 1:3:3, respectively). Five
cement blocks were used to determine the compressive and flexural
strength for each mixing ratio, along with three cement blocks to
determine the density, water absorption, acid attack resistance, and
alkaline attack resistance for each mixing ratio, as shown in Figure 7
(Bergmann Becker et al., 2022).

2.5.1 Compression test

By the Indian Standard IS 516 (1959), the compressive
strength of the cement blocks was determined at 28 days of
age. The testing was conducted using a universal machine
operating at a 2 mm/min displacement rate. A load under the
ultimate load was applied, and the strengths of all the agricultural
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FIGURE 8

Density decreases of agricultural waste materials.

TABLE 6 Classification based on density.

Block type Mix ratio
1:5:0 1:4:2
Control block Moderate — — —
Coconut husk — Moderate Light Light
Vermiculite — Moderate Light Light
Pistachio shells — Low Low Low
Sugarcane bagasse — Moderate Low Low

waste materials in each of the three mixes were calculated (da
Silva Araujo Filho et al., 2018).

2.5.2 Three-point bending test

As required by the Indian Standard IS 516 (1959), a three-point
bending test was conducted to measure the tensile strength of the cement
blocks. Placing cement blocks over the steel rods achieved a clear span of
175 mm, with the concentrated load applied at the midpoint of the span.
Tests were conducted on a universal testing machine with displacement
control at 2 mm per minute (Koksal et al., 2020b).

2.5.3 Water absorption test

By ASTM C140, control mortar blocks and those containing
agricultural wastes were weighted and measured to determine their
density and water absorption. An oven at 100°C for 24 h was used to
dry the cement blocks over 28 days. The specimens were held in the
indoor laboratory setting until they reached room temperature. We
removed the blocks from their submerged state, removed the surface
water, and verified their weights (Mo et al., 2018).

The water absorption rate is given by

Water Absorption Rate = (Ws — Wy)/V (1)

2.5.4 Alkaline and acid resistance test
For the alkaline resistance test, the specimens were immersed in 3%
NaOH solution for 30 days, whereas, for the acid resistance test, the
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FIGURE 9
Compressive strength of agricultural waste materials.

specimens were immersed in 3% H,SO, solution for 60 days. These are the
standard procedures described in ASTM C289-07 and ASTM C1152M-04.
Using Eq. 2, the weight loss after immersion was calculated by weighing the
specimens before and after immersion (Bari et al,, 2021):

Density loss = (W; — W,)/Volume of the block 2)

2.6 Strength properties of cement block

Waste from the coconut industry, including husks, shells, and fibers,
is one of the most readily available byproducts. This material has several
inherent properties that make it an attractive candidate for potential use in
construction materials, including a high level of lignocellulosic content, a
low density, and fibrous structure. The fiber content in coconut waste can
explain the superior strength of cement blocks containing coconut waste.
Among their many advantages, fibers are highly effective at adhering to
cement matrices, creating a network that enhances tensile strength and
prevents cracking. Essentially, these fibers serve as reinforcements that
distribute stresses and prevent crack propagation, enhancing the overall
stability of the blocks. Particle packing and porous filling in the cement
matrix are facilitated by the irregular shapes and sizes of coconut waste
particles. Because coconut waste particles are irregular, they efficiently fill
the spaces between cement grains, increasing density and reducing
porosity. By increasing the density of the blocks, it is possible to make
them more robust and less susceptible to external forces due to the
increased compressive strength. The pozzolanic reaction can occur when
calcium hydroxide, which is present in cement, is combined with organic
compounds present in coconut waste, including lignin and cellulose. A
calcium silicate hydrate gel, which is generated during this reaction, fills
the pores, and improves the interlocking of cement particles because of
this reaction. A C-S-H gel is formed during the cementing process, which
strengthens the cement matrix, enhances its binding properties, and
results in a higher strength.

3 Results
3.1 Materials density

Numerous factors affect concrete density, including the specific
gravity, cement-to-water ratio and quantity of sand used, amount of
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Flexural strength of agricultural waste materials.

waste material replaced, and amount of water absorbed. Based on
this study’s findings, density decreases in all cases where agricultural
wastes are included because agricultural wastes have a high unit
weight and low specific gravity. Based on the dry density of cement
blocks containing varying proportions of waste material, as
illustrated in Figure 8, the blocks were classified by the ASTM
specifications. Table 6 summarizes the weights of the cement blocks
and whether they are light- or medium-weight. The dry densities of
the control blocks are virtually identical to those of the standard
weight categories. Cement blocks with ratios of 1:3:3 and 1:4:2 for
each waste material are classified as lightweight blocks (Munoz et al.,
2020).

3.2 Mechanical properties

3.2.1 Compressive strength

Most structural components in modern society (i.e., masonry
units) do not carry loads. ASTM specified a minimum
requirement of 4.14 MPa of compressive strength for assessing
cement blocks based on an average of three samples. In contrast,
the Indian standard specifies a minimum compressive strength
value of 1.3 MPa based on the average of three specimens (Reis
et al., 2020).

Several factors determine the compressive strength of a concrete
mix, including the matrix strength, the strength of the agriculture
sample, the cement concentration, and the proportion of water in
cement. Several researchers have reported that replacing aggregates
with agricultural waste materials decreased the compressive strength
in each trial (Santiago-De la Rosa et al., 2017). The compressive strength
of concrete decreased by 24% when 15% of coarse aggregates were
replaced with pistachio shells. Similar results were reported when
periwinkle shells were used as the waste material (Iwaro et al., 2017).
Even though farm waste was used instead of coarse aggregates in those
studies, concrete containing agricultural waste exhibited less strength
than the control concrete (Tomassetti et al., 2020).
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Water absorption of agricultural waste materials.

In one experiment, pistachio shells were used to replace fine
aggregates with a mix ratio of 1:2:3, resulting in a decrease of
concrete strength by 49% and 64% when 25% and 50% of the
sand was replaced with pistachio shell, respectively. The strength of
mortar with cork as a fine aggregate decreased by 34% and 69%,
respectively. These results are consistent with those obtained in
previous work (Wang et al., 2022).

Figure 9 displays a concrete block compression test program to
demonstrate the compressive strength of cement blocks. The results
of this study indicate that the type of waste used and the percentage
of replacement significantly affect the cement blocks’ compressive
strength. As the waste content of the block increased, its compressive
strength decreased. This may be because the proportion of water to
cement in the mortar with agricultural materials added is more
significant than that in the reference mortar, in addition to the fact
that agricultural residue has a considerably lower mechanical
resistance than sand (Mashaly et al, 2016) (Liberalesso et al.,
2021) (Karatas et al, 2019). Moreover, agricultural waste has a
lower density than the river sand, which may decrease the
compressive strength, as shown in Figure 10. The coconut
cement blocks have incredible compressive strengths over those
containing sugarcane bagasse, as coconut husk is denser than other
agricultural waste materials (Onesippe Potiron et al., 2022).

Meanwhile, straw yields the lowest compressive strength among
agricultural waste materials. The ASTM C129 specifies minimum
requirements for most cement blocks, except those with a 1:3:3 mix
ratio. When the mix ratio is 1:3:3, the cement block is by ASTM
C129 specifications. However, four cement blocks, apart from those
containing coconut husk in a 1:3:3 ratio, satisfy the standard when
the arithmetic mean of their density is used. To calculate normalized
power, a control block was utilized as a reference. It is estimated that
each mixture of coconut husk, rice husks, vermiculite and pistachio
shells has at least 50% of the compressive strength of a cement block
(Gencel et al., 2021).

3.2.2 Flexural strength

The ability of a block to withstand flexural loads can be
estimated by measuring flexural stress. As a rule, fractures occur
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on the tensile side of the block, which lies closest to the center of
the cross-section. Figure 10 illustrates the flexural strength of the
cement blocks. It can be observed that the flexural strength
decreases as waste material content increases. Several factors,
including the type, particle size, and density of the waste material
to be recycled, in conjunction with the moisture content of the
cement mortar, determine the flexural strength. Similarly,
agricultural material’s compressive and flexural
decreased (Brooks et al., 2020).

Pistachio shells were also utilized, and it was recognized that
decreasing their effective binding would decrease the flexural
strength. When oil palm shells were used as coarse aggregates,

strength

the concrete lost 39% of its compressive strength compared to
the control concrete at 30%. The findings are consistent with
those obtained by adding coconut husk to the cement mortar.
Using cork as fine aggregate in mortar as a test material, flexural
strength decreased by 23% and 46% at 20% and 50%, respectively,
compared with the control hardened mortar. The type of waste was
considered in this experiment. Cement blocks containing coconut
husk have higher flexural strength than those containing sugarcane
bagasse (Zhan et al.,, 2021).
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TABLE 7 Pearson coefficients for parametric correlations between parameters.

Water
absorption

Compressive
strength

Dry

density

10.3389/fbuil.2023.1214788

Alkaline attack
(density decrease)

Flex. Bending
strength

Acid attack (density
decrease)

Sand replacement -0.835 0.521 -0.629 —0.685 -0.701 -0.435
Dry density — —-0.933 0.806 0.563 —-0.832 —-0.701
Water absorption — — -0.628 —-0.326 0.728 0.789
Compressive strength — — — 0.701 -0.686 —0.0482
Flexural strength — — — — -0.163 0.042
Acid attack (density — — — — — 0.787

reduction)

The experimental results were evaluated using linear regression
to generate a proportionality equation relating the cement blocks’
flexural strength (ft) to their compressive strength (fcu) in the
conventional form f; = a f.". Eq. 3, associated with a coefficient
of termination (R2) of 0.89, relates the flexural strength of cement
blocks to their compressive strength, and the flexural strength of the
cement blocks was calculated using this equation (Koksal et al.,
2020a):

fi=0.13 f12. 3)

The standard error for Eq. 3 is calculated to be 0.03 MPa,
that the the
experimental data.

indicating proposed equation can describe

3.3 Durability

3.3.1 Water absorption rate

Concrete blocks can absorb water based on the configuration of
their pores. Porous cement blocks are vulnerable to water and
chemicals. The main disadvantage of using waste material as a
sand substitute in cement blocks is that it absorbs a large amount of
water. The water absorption rate of a cement block containing waste
material is generally significantly higher than that of a control
cement block. A previous study revealed that agricultural waste
could be substituted for fine or coarse pebbles to increase water
absorption. When oil palm shells were combined with coconut shells
as coarse aggregates, water absorption increased substantially. In
addition, cement mortar’s water absorption capacity depended on
the agricultural waste’s water absorption capacity. The same
observation revealed that substituting discarded oyster shell sand
increased the absorption rate by 1.1%-1.6% compared to control
concrete (Fiala et al., 2020).

Except for the coconut husk in all mix proportions, the water
absorption rate tended to increase when waste materials were added.
The coconut husk blocks absorbed water at approximately the same
rate in all mix proportions and a rate less than the control blocks.
The lack of bulk density of agricultural waste could also explain the
absence of solid materials in the mortar mix (Naveen Kumar et al.,
2020).

As shown in Figure 11, each sample mix absorbs water at a
different rate. According to ASTM C55-11, tile can absorb water
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at 208, 240 kg/m® for medium-weight masonry blocks, and
320 kg/m® for lightweight masonry blocks. It is found that
blocks consisting of rice husk, sawdust, and straw in the
proportions of 1:3:3, as well as straw in all mix proportions,
have water absorption rates greater than the specified value. This
finding suggests that blocks containing rice husk, sawdust, and
straw are more susceptible to external agent penetration than
blocks containing pistachio shells and coconut husk (Mohajerani
et al,, 2019).

3.3.2 Acid resistance

Figure 12 illustrates how an acid attack decreases the densities
of the control and agricultural waste blocks. Based on the data,
the density decreases as agricultural waste increases after 30 and
60 days. As a result of the inclusion of sugarcane bagasse in
cement blocks, the density of the blocks decreases dramatically by
200 kg per cubic meter after 60 days, as opposed to the control
blocks dropping by only 40 kg per cubic meter. It has also been
observed that cement blocks reinforced with rice husks, sawdust,
and pistachio shells display a decrease in density of up to 120 kg/
m® after 60 days. Conversely, the cement blocks containing
coconut husk exhibit a density loss of 40-80 kg/m?, which is
modest and close to the control block (Goel and Kalamdhad,
2018).

3.3.3 Alkaline resistance

According to Figure 13, an alkaline attack results in a
decrease in the density of control blocks and agricultural
waste blocks. The density of the agricultural waste decreases
with increased exposure for 30 and 60 days. The cement blocks
containing coconut husks, vermiculite, and sugarcane bagasse
exhibit a density loss of 150 kg/m* after 60 days, in contrast to
75 kg/m® for the control block. Meanwhile, the cement blocks
with coconut husk display a density loss of 40-70 kg/m?, which
may be considered modest and close to the control block (Rabello
and Carlos da Concei¢do Ribeiro, 2021).

3.4 Parametric correlation analysis

It is possible to use the Pearson correlation coefficient to test the
relationship between physical parameters, such as density, strength, and
flexibility, and durability characteristics, such as wettability, acid-
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Pearson correlation coefficients of parametric correlations between parameters.

FIGURE 15
Fire resistance test.

propelling properties, and alkaline resistance. Table 7 presents the
Pearson coefficients for the parametric correlations, and significant
values (two-tailed) are indicated in square brackets. In addition to
the positive correlation of agricultural waste with dry density (i.e., the
fact that the dry density decreases when agricultural waste is taken into
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consideration), it is also significant that agricultural waste has positive
correlations with bending strength, resistance to acid attacks, resistance
to alkali attacks, and compressive strength. Agricultural waste addition
benefits density but not strength or durability, as shown in Figure 14
(Seving and Durgun, 2021).
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M3 specimen forms before and after

FIGURE 16
(Continued).

3.5 Fire-resistant behavior

In this section, we discuss the effects of direct flame on
specimens of different blends. Concrete structures can be affected
by fire or another source of heat. Figure 15 shows the means of
igniting the test fire.

For example, performed a similar test to (Abdel-Gawwad et al.,
2020). Its flame tool, however, differed slightly from that of to
approximate the actual behavior. The test used 12 samples with
dimensions of 100 mm x 100 mm x 100 mm. Two cubes
represented each replacement ratio. As shown in Figure 16, the
specimen showed two distinct forms before and after burning for
300 s. A high level of combustibility is found in the mixes containing
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agricultural wastes, as shown in Figure 16 (Figures 16A-F).
Comparing the fire resistance of the reference sample to other
samples provided a high rating. The results of testing of samples
indicate that water vapor and filtration of water are observed in the
presence of M1, M2, and M3 mixtures. None of the other mixtures
has been filtered or evaporated indicates that these mixes have a high
permeability.

As a result of being exposed to direct flame, cracks appeared on
that surface and the adjacent surface. Cracks appeared irregularly,
while the adjacent samples showed random cracks. Due to the
burning of the specimen on the surface, it was impossible to
detect cracks in the other samples. Figure 17 illustrates cracked
surfaces after testing.

frontiersin.org


https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2023.1214788

Mohammed et al.

10.3389/fbuil.2023.1214788

S1 Specimen forms before and after the test

FIGURE 16

(Continued). (A) M1 specimen forms before and after. (B) M2 specimen forms before and after. (C) M3 specimen forms before and after. (D)
C1 specimen forms before and after. (E) CM1 specimen forms before and after. (F) S1 Specimen forms before and after the test.

Near the direct flame surface, tiny bubbles of the specimen
were formed. Replacement ratios of 30%, 40%, and 50% were all
affected by this condition. Reference samples passed heat more
rapidly than others. The opposite of the direct flame caused these
samples to change condition when transferred and touched. The
temperature difference between the reference samples and the
other mixes was more significant, which were not treated and
had been exposed to less heat during and after testing. As a result
of agricultural combustion, toxic white smoke was emitted at
30%, 40%, and 50% replacement ratios. Figure 17 illustrates the
same behavior noted by other authors—smoke rises from the
samples.
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4 Cost analysis

This study aimed to quantify sample usage for block
construction. The impact of agricultural waste on mortar
consumption could be determined by estimating the amount of
mortar required for each cement block case. The material
consumption was determined using the quantities of sand and
cement required and the total cost per 1,000 cement blocks, as
shown in Figure 18. In addition, values of INR 920 (USD 5.98) for
50 kg bags of cement, INR 13920 (USD 90.53) for 1 m® sand, and
INR 157 (USD 1.02) for aggregate transport per cubic meter per
kilometer were utilized in the cost calculations (Zhan et al., 2021).
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FIGURE 17
Specimen forms after test.
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Cost analysis of agricultural waste materials

The total cost was determined by factoring in 10% material
waste and labor costs at the unskilled labor pay rate for building
activity. The costs associated with waste material processing were
not included in the computations. When one-sixth of the sand was
replaced with agricultural waste, the mortar cost was reduced by
10%, while when a third of the sand was substituted, the cost
decreased by 20%-30%. Because cement makes up approximately
50% of the cost of construction materials, an increase in agricultural
production does not necessarily lead to an increase in overall
construction costs (Schiavoni et al., 2016).

5 Discussion

Researchers have discovered that when concrete blocks are
realized with additional agricultural waste materials, the strength
of the blocks is usually reduced. By ASTM standards, blocks
should have a minimum compressive strength of 4.12 MPa.
Considering this limit, cement blocks containing agricultural
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waste at a ratio of 1:3:3 are unlikely to be advantageous for
building construction. According to Indian standards, wall
blocks with no load-bearing capability can have a compressive
strength of 1.3 MPa. Therefore, all the tested bricks are suitable
for non-load bearing structures or low-story buildings (Mo et al.,
2018).

Cement blocks containing agricultural waste satisfy the flexural
strength standards, but durability is a primary concern (Onesippe
Potiron et al., 2022). Additionally, cement blocks containing
significant agricultural waste exhibit deterioration in form and
appearance. For instance, the cement block appears uneven
because of the large amount of agricultural waste on its surface.
Buildings constructed from cement blocks containing coconut husk,
vermiculite, and sugarcane bagasse would have an ugly appearance
and applying joint mortar and surface plaster would be challenging
(Seddik Hassan et al., 2022).

An analysis of the energy requirements and CO, emissions of the
production of a unit volume of mortar was conducted to assess the
environmental benefits associated with the use of agriculture waste in
cement-sand blocks. In the production of hardened mortar, the
embodied energy was calculated as 4.5, 0.081, and 0.01 MJ for 1kg
of cement, sand, and water, respectively, with carbon dioxide emissions
calculated as 0.73, 0.0048, and 0.001 kg. In calculating the energy
embodied and carbon emissions for coco shell, we considered the
agriculture waste as waste from the coconut fiber extraction process.

Concrete blocks containing agricultural waste have many benefits
over conventional cement blocks, including a lower cost, lower density,
and higher porosity. Due to the lower weight of the cement blocks, the
construction process can be faster, and labor costs can be reduced by
incorporating agricultural waste. Furthermore, cement blocks with
higher porosity have lower heat conductivity, thus increasing the
building’s insulation properties (Iwaro and Mwasha, 2019).

6 Conclusion

The purpose of this study was to assess the properties of different
agricultural wastes used in concrete blocks as sand substitutes in rural
areas of India. Several experimental tests on various aspects (durability,
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flexural and compression tests, fire resistance, and acidity resistance)
were conducted to determine which waste materials would be most
appropriate for the construction of sustainable buildings. Vermiculite,
coconut husks, pistachio shells, and sugarcane bagasse were utilized as
sand substitutes. The following conclusions can be drawn from the
experimental findings:

The compressive and flexural strength of agricultural waste blocks is
lower than that of cement blocks containing 6% sand and 1% cement.
Many cement blocks containing agricultural waste, except those
containing powder, meet the ASTM minimum strength requirements.

White
characteristics, with a replacement ratio of 30% or greater. Although

smoke samples displayed malodorous and toxic
sugarcane specimens may be used for external work, they are not
recommended for internal work due to their poor fire-resistant
behavior, except if the specimens are coated with insulating materials.
The fire behavior test also revealed that the agricultural waste brick had a
greater degree of permeability than the standard concrete.

Alkaline and acid resistance of cement blocks containing
coconut husks and pistachio shells was comparable to that of the
control blocks. A 60-day exposure to acidic or alkaline solutions led
to a substantial decrease in the density of cement blocks containing
coconut husk and husk-composite cement blocks as compared to
the control blocks. A sustainable approach is taken in this study by
using agricultural wastes in the manufacture of blocks in order to
conserve resources and convert by-products into valuable products.

Despite meeting the ASTM C55-11

agricultural waste cement blocks do not meet ASTM C55-11

strength criterion,

durability requirements. The cement blocks containing coconut
husks and pistachio shells demonstrated acceptable strength and
durability. Low-strength cement blocks are therefore suitable for use
in building construction. These cement blocks will be suitable for use
in housing projects in the building sector after additional studies
have been conducted on their long-term durability.

The durability of the material has been evaluated only in terms of
compression and flexural strength, as well as acid and alkaline
resistance. Further research will be conducted to evaluate additional
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