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Abstract

Rapid urbanization and industrialization result in increased demand for infrastructures and housing worldwide. Therefore, the
consumption of construction materials continues to rise. Cement is a common component used in the manufacture of concrete
and mortar. However, the cement manufacturing process severely influences the environment, which causes the release of
large amounts of carbon dioxide into the atmosphere. In addition, the agriculture and plantation industries are primary eco-
nomic pillars in many countries, particularly developing countries, including Indonesia, India, and China. However, it cannot
be denied that this industry severely impacts the environment, as it generates biomass waste that cannot be efficiently man-
aged. This study investigates and examines alternative materials for cement replacement in mortar production. This research
evaluated the fresh and hardened properties of mortar on the laboratory scale. In addition to destructive tests, ultrasonic pulse
velocity (UPV) and rebound hammer tests were also conducted. The fresh properties test consisted of a slump flow, while
the hardened properties test included compressive strength, porosity, water absorption, and mass loss. It can be concluded
that each waste has characteristics that make it a suitable replacement for cement in mortar production. The results indicate
that 10% of agricultural waste can be substituted for cement to generate a mortar with comparable compressive strength to
normal concrete, thereby reducing cement consumption by 10%. In terms of hardened properties, the increasing amount of
waste results in a lower mass density hardened mortar compared to normal mortar, so the use of this waste has the potential
to produce a lightweight material. Thus, employing sufficient amounts of agricultural waste as a cement substitute produces
mortar with beneficial characteristics and reduces the use of cement to produce sustainable construction materials.
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Introduction

The agriculture and plantation industries are among the
most vital socioeconomic support sectors in many countries,
mainly tropical developing countries. The agriculture indus-
try continues to grow with the support of more advanced
and intelligent technology. Nonetheless, it cannot be denied
that this industry also generates industrial waste that must
be managed effectively. Insufficient regulation of the waste
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suitable disposal processes and waste management, as this
traditional practice is still common among farmers. Even
so, the results of burning agricultural waste by open field
burning account for up to 34% of the total biomass burned
yearly, with China and India accounting for the majority [5,
6]. This method of waste burning causes serious land and
air pollution. This approach is also extensively employed
to dispose of agricultural waste in Indonesia. Surprisingly,
the results of this waste combustion are still underutilized.

Concrete is one of the most widely used construction
materials for infrastructure and houses worldwide. Con-
crete is the most popular material among contractors since
it is affordable and durable, and the constituent materials are
readily available in many countries. In general, conventional
concrete production requires cement (15%), water (22%),
fine aggregate (23%), and coarse aggregate (40%) as raw
ingredients [7, 8]. It is reported that the production of con-
crete and mortar will continue to increase significantly until
2050, particularly in developing countries such as China,
Indonesia, India, Thailand, Vietnam, and other countries in
Africa, the Middle East, and Asia [9, 10]. Therefore, cement
production will increase in line with the high demand for
concrete for construction materials. Due to the chemical
conversion of limestone-based raw materials into cement
clinker, it is necessary to consume around 110 kWh of elec-
tricity and emit approximately 800 kg of CO, to produce
1000 kg of cement [11-13]. Reportedly, the cement sector
consumes up to 14% of global energy and emits up to 8% of
global CO, emissions annually [14-16]. Additionally, the
collection of raw materials, concrete mixing, transportation
to the site, construction stage, curing stage, service stage,
and demolition stage, concrete construction substantially
influences the environment at every stage of its life cycle
[17-19]. Nonetheless, cement production substantially nega-
tively influences the environment and CO, emissions. Thus,
it is essential to develop sufficient, sustainable, and environ-
mentally acceptable technologies for renewable materials as
cement replacements so that they can be employed to reduce
CO, emissions from the cement industry.

Various advancements have been made to locate alternate
cement replacements in its development. Several industrial
waste materials have been commercialized and standard-
ized, including fly ash, bottom ash, and granulated blast
furnace slag [20-22]. In addition, various studies on the use
of agribusiness waste as a substitute for cement in mortar
production have been discovered, including rice husk ash
[23-29], corn cob ash [30-32], palm oil fuel ash [33-44],
sugarcane bagasse ash [45-48], coconut and walnut shell ash
[49-52], and wood and leaf ash [29, 53-56]. Several stud-
ies have also been conducted on the application of agricul-
tural waste ashes to actual structures, including pavements
[57-59] and building components [60, 61]. However, the
waste treatment procedure significantly impacts the quality
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of ashes that can be substituted for cement. Properly treated
ashes can produce a more suitable chemical composition,
producing higher pozzolanic content. In contrast to waste
that has been appropriately processed, ashes produced from
open-field burns cannot be generated with high and reliable
quality. In addition, there is no facility in rural areas where
waste may be treated and heated to the typical temperature
range of 600—1200 °C for processing waste into pozzolanic
material [62—64]. In order to employ agricultural and planta-
tion wastes that are burned in open fields as a substitute for
cement in the production of mortar, a more comprehensive
and systematic study is required.

This study used agricultural waste in the form of rice
husk ash, bagasse ash, and corn cob ash as a replacement for
cement in mortar production. The waste utilized in this study
results from open-field burning in rural agricultural regions
in Indonesia. This research investigates the engineering
properties of mortar from agricultural waste disposed of via
open-field burning. Thus, this research is expected to utilize
waste as a substitute for cement effectively. The Indonesian
government has a considerable amount of work to perform to
handle agricultural waste sustainably. Therefore, sufficient,
appropriate, and straightforward innovations are required so
that the community can readily utilize this waste, particu-
larly in rural areas with a middle-to lower-income economy.

Significance and scope of the study

This study employs three different types of agricultural
waste, including corn cob ash (CCA), rice husk ash (RHA),
and sugarcane bagasse ash (BA). As stated in the introduc-
tion, several previous researchers have utilized agricultural
waste as a substitute for cement in mortar production. How-
ever, various waste treatments in each study produce mortar
or concrete with different characteristics. This research uses
waste from open-field burning in Indonesia's rural agricul-
tural regions. In addition, the farmers still insufficiently use
the wastes, causing air and land pollution. Therefore, it is
necessary to carry out an effective innovation to utilize these
agricultural wastes in order to reduce the amount of biomass
waste caused by open-field burning. In addition, limited
information is known about the utilization of agricultural
wastes produced by open-field burning in Indonesia. Inno-
vative research and investigation are required to use these
waste products as a substitute for mortar. Thus, this research
utilizes agricultural wastes from open field burning in Indo-
nesia as a cement substitute for mortar manufacture.

The properties of the constituent materials, including
cement, agricultural wastes, and fine aggregate are exam-
ined. Figure 1 shows the experimental outline and scope
of the investigation of this study. The microstructure level
was investigated to examine the binder properties using a
scanning electron microscope (SEM) and X-Ray diffraction
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Fig. 1 Experimental outline and scope of the study

(XRD). The examination of physical and mechanical proper-
ties of fine aggregate, including specific gravity, mass den-
sity, water content, water absorption, particle size distribu-
tion, fineness modulus, and mud content, were investigated.
Agricultural waste with variations of 0%, 10, 20, and 30% by
weight of cement as cement replacement material is inves-
tigated for each type of waste used in mortar specimens.
This study examined the engineering properties of mortar by
assessing its fresh, physical, and mechanical properties. The
fresh properties test consisted of a slump flow test to deter-
mine the workability and water consumption for producing
mortar with varying amounts of waste. The investigation
of physical properties, including porosity, water absorption,
and mass loss. The porosity and water absorption investi-
gation were conducted in specimens aged 28 days, while
mass loss assessments were conducted on specimens aged
1-28 days. Variations in compressive strength at ages 3, 7,
and 28 days were examined in the mechanical properties. In
addition, ultrasonic pulse velocity (UPV) and hammer tests
were conducted on the specimens at 28 days.

Experimental program
Materials

The materials used in this study consisted of binder
(cement and agricultural waste), fine aggregate (river
sand), and water. The cement used is categorized as Port-
land pozzolan cement (PPC) based on ASTM C595 [65]
with a specific gravity of 3.10, while the agricultural waste
used consists of rice husk ash (RHA), sugarcane bagasse
ash (BA), and corn cob ash (CCA). This investigation
used PPC cement because it is readily available and rela-
tively inexpensive. The public widely utilizes PPC cement
extensively, particularly in Indonesian industrial agricul-
ture areas. Therefore, this study employs PPC-type cement
as opposed to ordinary Portland cement (OPC) type, that
market production is relatively limited. The chemical
composition of the binders, namely PPC, RHA, BA, and
CCA, can be seen in Table 1. This chemical composition

Table 1 Chemical compositions

e e Binder  SiO, ALO,  Fe,0;  CaO MgO0 SO, K,0 Na,0O LOI
PPC 3259 751 2.05 4783 161 290 362  1.80 0.09
RHA 2058 1928 778 4870 2.3 099 044  0.19 0.01
BA 37.23 824 594 4100 511 135 023 011 0.79
ccA 2234 643 212 6423 198 132 093 011 0.54
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of binders reveals that the waste and cement contain higher
amounts of CaO and SiO, than other substances.

Figure 2 shows the shape of the binders, including the
cement substitute materials (PPC, RHA, BA, and CCA).
All of the waste utilized originated from open-field burning
in an Indonesian plantation region near Yogyakarta. Before
being used as a substitute for cement, the waste products
are filtered with a filter that passes No. 200. From Fig. 2,
it can be seen that each waste produces a different color
of ashes according to the type of waste and the duration of
the combustion process. It should be noted that the burning
and filtering processes significantly affect the texture of each
waste. Therefore, different textures may result from differ-
ent burning techniques. The characteristics of agricultural
waste (RHA, BA, CCA) from open field burning based in
several countries can also be found from the results of pre-
vious studies [45, 66—68]. Due to the influence of various
waste resources, previous investigation demonstrates that the
results of the properties of agricultural waste vary despite
using the same investigation method of the same standard.
This investigation focuses on the waste generated by burn-
ing open fields in rural agricultural areas of Yogyakarta,
Indonesia. Because these wastes are primarily a result of
open-field burning by farmers, neither temperature control
nor duration of burning is carried out. The irregularity of the

Fig.2 Shape of binders (PPC,
RHA, BA, and CCA)

combustion process is one of the challenges that necessitate
a comprehensive investigation into the practical application
of agricultural ashes as one of the sustainable construc-
tion materials. Different chemical compositions evidence
demonstrates this study (see Table 1), with CaO and SiO2
dominating the chemical composition of agricultural waste
in this study.

The microstructural properties of the binder were also
examined by carrying out the experiment using SEM and
XRD. The results of the scanning electron microscope
(SEM) investigation of mortar binder materials are shown
in Fig. 3. This SEM examination reveals that each type of
waste and cement has a particular microstructure. According
to the SEM results, cement contains a single CaO molecule,
whereas waste materials generally contain the alkali silica
reaction products Al and SiO. In addition, XRD testing was
conducted on cement and cement substitute waste materi-
als. Figure 4 shows the XRD test results for binder materi-
als used as mortar constituents. In the XRD test of cement
material, the intensity of calcium (Ca), Silica (Si), and (O)
has a very significant value. This demonstrates the nature of
the behavior of cement, in which this element is the main
component that contributes during the hydration process.
Meanwhile, from testing on RHA, the Silica (Si), Oxygen
(0), and Potassium (K) components dominate. In BA waste,
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Fig. 3 Results of scanning
electron microscope (SEM) for
binder (PPC, RHA, BA, and
CCA)

1 53.7 pm

it can be seen that Oxygen (O), Silica (Si), Aluminum (Al),
and potassium (K) are the dominant compounds, while CCA
waste produces more Carbon (C), Oxygen (O), and Magne-
sium (Mg). Higher than other compounds. Apart from bind-
ers, mortar production also requires sand as a fine aggregate.

This study utilizes the sand river from Kulon Progo in
Yogyakarta, Indonesia, as the fine aggregate. Before it is
utilized for mortar manufacture, the physical and mechani-
cal properties of the sand are evaluated. Table 2 displays
the properties of the paste used. The properties examined
for fine aggregate consist of specific gravity, water con-
tent, water absorption, mass density and fineness modulus,
and particle size distribution. According to the investiga-
tion results into these properties, the used sand satisfies the
specifications for building materials. In addition, the particle
size distribution is inspected and compared to the particle
size of each waste used for comparison. Figure 5 shows the
results of the particle size distribution of fine aggregate and
each waste used as a cement substitute material for making
mortar. The use of sand as a mortar constituent material
should be in saturated dry conditions. Testing the properties

(c) Sugarcane bagasse ash

o

(d) Corn cob ash

of sand as a mortar constituent refers to ASTM C33 [69],
namely the standard specification for concrete aggregates.
The test results showed that the specific gravity of the sand
was 2.37, the water content was 1.34%, the water absorption
was 2.10%, the mass density was 1.89 g/cm?, and the fine-
ness modulus was 2.43.

Mix proportions

This research focuses on examining the engineering prop-
erties of mortar by utilizing agricultural waste as a cement
substitute material. The waste used is in the form of rice
husk ash (RHA), sugarcane bagasse ash (BA), and corn cob
ash (CCA). Each waste uses cement replacement variations
of 10, 20, and 30% of the total weight of cement. Table 3
displays the mix proportions for each variation for manu-
facturing 3 cube-shaped specimens of 5.0 5.0x 5.0 cm®.
All waste is used as a substitute for cement in a dry condi-
tion. This study utilizes an amount of agricultural waste not
more than 30% of the total binder weight. This is because it
is anticipated that the use of large quantities of agricultural

@ Springer
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Table 2 Properties of fine aggregate (sand river)

Properties Unit Sand
Specific gravity - 2.37
Water content % 1.34
Water absorption % 2.10
Mass density g/cm® 1.89
Fineness modulus - 243

waste will reduce the quality of the mortar and cause a sig-
nificant decrease in its performance. In addition, this study
uses the same water to binder ratio for all variations, which
is equal to 0.55. The selection of the water-to-binder ratio
is based on the results of tests conducted on normal mor-
tar (100 C), where a water-to-binder ratio of 0.55 demon-
strates the most suitable fresh properties to produce mortar.
In normal mortar specimen, various laboratory simulation
is conducted to determine the required amount of water by
controlling the slump flow in a fresh mortar. Once the water
requirement for normal specimens has been determined,

the water to binder ratio can be calculated. Because W/B
is one of the significant component factors that influence
the mechanical properties of mortar, this study uses water
to binder ratio control for all test variations. In addition, a
control water-to-binder ratio of 0.55 is utilized to investigate
the workability of fresh mortar made with some agricultural
waste as a cement substitute.

Experimental methods

This study evaluates the engineering properties of mortar
made with agricultural waste as a cement replacement mate-
rial (fresh and hardened properties). Before being used as a
cement substitute, the waste products were the result of open
field burning in rural areas of Yogyakarta, Indonesia, con-
ducted by farmers. The workability of mortar is determined
by examining its fresh properties. Flow table measurement
was performed following ASTM C230 [70]. After conduct-
ing the flow table test, all fresh mortars are poured into the
mold and removed 24 h later. Water curing was carried out

Fig.5 Particle size distribution 100 > *
of sand and agricultural waste
< 80
V]
on
s
§ 60
)
=¥
'O_fl
; 40
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-o-CCA
20
-a—RHA
—t—BA
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Table 3 Mix proportions for Specimen ID Cement Water Sand RHA BA CCA
three specimens in kg
100C 0.2061 0.1134 0.6180 - - -
10RHA90C 0.1815 0.1134 0.6180 0.0206 - -
20RHA80C 0.1649 0.1134 0.6180 0.0412 - -
30RHA70C 0.1442 0.1134 0.6180 0.0618 - -
10BA90C 0.1815 0.1134 0.6180 - 0.0206 -
20BA80C 0.1649 0.1134 0.6180 - 0.0412 -
30BA70C 0.1442 0.1134 0.6180 - 0.0618 -
10CCA90C 0.1815 0.1134 0.6180 - - 0.0206
20CCAS80C 0.1649 0.1134 0.6180 - - 0.0412
30CCA70C 0.1442 0.1134 0.6180 - - 0.0618
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for 7 days, then all specimens were dried and cured at room
temperature. The compressive strength test was conducted
on mortar aged 3, 7, and 28 days. The test size of the speci-
mens for compressive strength of 5.0x5.0x 5.0 cm? refers
to ASTM C109 [71]. Figure 6 shows an example of fresh
properties and compressive strength tests.

Mechanical properties of the hardened mortar were also
inspected, including water absorption, mass density, mass
loss, and porosity. The water absorption test is conducted per
the ASTM C1403 standard [72], while the mass density and
porosity test on hardened mortar is conducted per the ASTM
D601 standard [73]. In addition, non-destructive testing was
conducted to assess the quality of hardened mortar, and the
relationship between destructive and non-destructive testing
was evaluated. The non-destructive investigations consisted
of ultrasonic pulse velocity (UPV) and hammer tests. Mortar
that had been hardened for 28 days was subjected to UPV
and hammer tests. The UPV test in this study refers to the
ASTM C597 standard [74], while the hammer test refers to
the ASTM C805 standard [75]. It should be noted that for
testing, the hammer test and UPV use specimens of differ-
ent sizes from the compressive strength test. This is done
because it adjusts to the settings for each test and refers to
each test standard.

Results and discussion
Fresh properties (flow table test)

Investigation of fresh properties is an important part of
the mortar and concrete manufacturing process, par-
ticularly when special or new substances are employed.
The purpose of investigating fresh properties is to deter-
mine the level of workability involved in fresh mortar.

Fig. 6 Experimental process for
flow table test and compressive
strength

(a) Fresh properties test

Therefore, this study also investigated the effect of the
addition of agricultural waste on the properties of fresh
mortar. It should be noted that in this investigation, the
same water-to-binder ratio of 0.55 was used as the control
for all variations. Figure 7 shows the results of the fresh
properties test conducted by examining the flow table for
each fresh mortar made with agricultural waste. In fresh
mortar using 100% cement (without using waste materi-
als as a substitute for cement) the results of the flow table
test were 14.55 cm. This meets the requirements for fresh
mortar according to ASTM C1437 [76]. This investigation
reveals that the slump flow value decreases as the amount
of waste used as a cement substitute increases, including
fresh mortar with RHA, BA, and CCA waste.

The decrease in the slump flow in the mortar due to the
addition of waste material indicates that the level of fresh
properties of mortar decreases as the amount of waste used
increases. As the amount of waste accumulates, the work-
ability of fresh mortar decreases or becomes increasingly
problematic to work. When using agricultural waste as
a mortar constituent material, it is necessary to consider
an appropriate amount of waste with a constant water to
binder ratio. In addition, as the amount of waste increases,
the processing of fresh mortar must be accelerated as the
hardening process accelerates. Thus, it can be concluded
that the decrease in slump flow in the mortar with waste
material indicates that the water requirement has increased
as the amount of waste used increases. From the results
of this test, it can be seen that the mortar containing rice
husk ash significantly reduced slump flow. This suggests
that rice husk ash absorbs more water than bagasse and
corn cob ash. This is supported by several studies that
have reported that the waste material from agriculture is a
porous material, so afterward it absorbs certain amounts
of mixed water on its surface, resulting in a decrease in
free water and lower slump [77-82].

(b) Compressive strength test
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Fig.7 Slump flow of mor- 17

tar with agriculture waste as
cement replacement

Slump Flow (cm)

5

=fi=RHA =4=BA =4=CCA

0%

Compressive strength

Compressive strength testing was carried out in each series
with 3, 7 and 28 days of age variations. The compressive
strength test results are the average of five specimens at each
age and variation for each age category. The compressive
strength test results and strength development along the
ages can be seen in Fig. 8 for the utilization of rice husk
ash waste, Fig. 9 for the utilization of bagasse ash waste,
and Fig. 10 for the utilization of corn cob ash waste. The
compressive strength test results on mortar containing rice
husk ash and bagasse ash indicated that the compressive
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strength decreased as the amount of waste increased. Previ-
ous investigations involving mortar with rice husk ash [24,
66, 83] and bagasse ash [67, 84, 85] demonstrated compa-
rable results.

Several possibilities cause a decrease in compressive
strength, including the influence of the porous pozzolanic
nature of agricultural waste, and the amount of cement used
decreases, increasing the pores volume of the mortar and
a decrease in its compressive strength. Agricultural waste
(RHA, BA, and CCA) is a porous pozzolanic material, and
using this waste increases the pore volume of mortar, as a
consequence of an increase in the pore volume of mortar,
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Fig. 9 Compressive strength of mortar with bagasse ash as cement replacement
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Fig. 10 Compressive strength of mortar with corn cob ash as cement replacement

porosity and compressive strength decrease. Figure 3 from
the SEM results proves agricultural waste material has more
pores than cement. The compressive strength decreases sig-
nificantly due to the deficient development of early strength
of agricultural waste mortar at the early age of the concrete
due to the low pozzolanic reaction [24, 86]. In addition, due
to the effect of open-field burning on agricultural waste, the
waste combustion process is not properly controlled, result-
ing in a lack of control over the quality of the waste for
cement substitute material, which can contribute to a reduc-
tion in mortar quality. Additionally, using agricultural waste

as a substitute for cement reduces the amount of cement in
the mortar, which can reduce the compressive strength of
mortar. Even though using these three wastes indicates that
the values of fresh properties (slump flow) and compressive
strength have decreased substantially, this is particularly
the case for specimens incorporating 30% waste ashes as a
cement substitute. However, the 10% waste ash specimens
generated compressive strength and slump flow comparable
to normal mortar.

The compressive strength test of mortar containing corn
cob ash waste produced the highest compressive strength
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after 28 days when 10% CCA waste was used. This is pos-
sibly due to the fact that 10% waste as a substitute for cement
is the optimal ratio to reach maximum compressive strength.
Several previous researchers have also determined that the
optimal compressive strength of corn cob ash is achieved
by substituting 5—-15% by the weight of cement [32, 49, 82].
In addition, Figs. 8, 9 and 10 show the strength develop-
ment over time for the three wastes used as cement replace-
ment for mortar manufacture. The results of this study indi-
cate that at 3 days of age, the compressive strength of the
mortar containing waste decreased significantly compared
to normal mortar at an early age. This is due to the fact
that the used waste is pozzolanic materials, which do not
react instantaneously when mixed with water. Therefore,
the compressive strength of the mortar at the early age of
the mortar decreases as the amount of waste used increases.
Meanwhile, in the mortar with the age of 7 days, it shows
that the specimens using waste experienced an increase in
the compressive strength of the mortar by 25-30%, while the
increase in the compressive strength of the normal mortar at
the age of 3—7 days tends to be lower. From the age of mor-
tar 7-28 days, there was no significant difference between
normal mortar and mortar using waste.

The relationship between the amount of agricultural
waste and the compressive strength of concrete at the age
of 3 and 28 days can be seen in Fig. 11. As the amount of
agricultural waste increases, the compressive strength of
the material decreases significantly at three days of age.
When using the same cement substitute, mortar made from
bagasse ash has a lower compressive strength than mortar
made from corn cob ash. This shows that corn cob ash can

15
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Amount of Agricultural Waste (%)

(a) At 3 days

produce a more optimal compressive strength compared to
rice husk ash and bagasse ash. It should be noted that the
waste material used in this study is burned waste resulting
from open-field combustion. Therefore, the waste-burning
process was not properly controlled. In addition, the use of
waste reduces the required amount of cement. As a result
of these two factors, the compressive strength of mortar
decreases when waste is used as a substitute for cement.
In addition, when the mortar was 28 days old, it was
observed that 10% corn cob ash increased the compressive
strength of the mortar, while 10% rice husk ash produced
a compressive strength that was almost the same as nor-
mal mortar, and only 10% bagasse ash produced a lower
compressive strength than normal mortar. Through the
results of this study, the authors would like to recommend
that the use of 10% waste still fulfills the requirements
for sustainable and environmentally friendly construction
material in terms of compressive strength. Using 10% of
this waste will be expected to decrease the cement required
to produce a more sustainable and environmentally ben-
eficial mortar. Several previous researchers have also
recommended using agricultural waste as a substitute for
cement in mortar and concrete, with an optimal percent-
age of 10%. The percentage used depends on the waste
treatment, combustion, and burning process [31, 32, 49,
82, 87]. The use of less than 10% agricultural waste has
a negligible effect on physical and mechanical properties
while using waste that exceeds the optimum limit might
reduce the compressive strength and durability of mortar.
It is necessary to determine the optimal level of waste that
can be used as a substitute for cement in mortar to reduce
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Fig. 11 Relationship between the amount of waste with compressive strength
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the use of cement and consider the mechanical properties
of the mortar.

Water absorption and porosity

In addition to compressive strength tests, water absorption
and porosity tests were performed on each variation of the
target-hardened mortar after 28 days. The results of the
water absorption and porosity investigations are the average
of the results of five test objects for each series. Figure 12
shows the test results for water absorption, while Fig. 13

20
¢ RHA ® BA A CCA
16
e
S ¥ =20.25x" + 2.975x + 9.2875
g ¥ =-9E-13x? + 10x + 9.21 W =o978
12 R:=1
&
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2 y=-34.5¢ + 16.75x + 9.255
f R*=0.9842
g8t
5
=
4 - .
0 ’ " ;
0% 10% 20% 30% 40%

Amount of Agricultural Waste (%)

(a) Water absorption

shows the test results for porosity. As shown in Fig. 12, as
the amount of waste used increases, so does water absorp-
tion, although the increase is not statistically significant,
from 9 to 12% of water absorption. This absorption occurs
because the porosity value also increases as the amount of
waste used increases, as shown in Fig. 13.

The results of the porosity test indicate that the poros-
ity value increases as waste volume increases, this indicates
that the pore volume in the mortar also increases as waste
volume increases. This demonstrates that the three waste
materials used are porous and produce more porosity than
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Fig. 12 Relationship between the amount of agricultural waste and water absorption
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Fig. 13 Relationship between the amount of agricultural waste with porosity
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cement mortar. In addition, the test results show that the
porosity and water absorption values of the three used wastes
were not significantly different, so it can be concluded that
the three wastes have similar absorption and porosity pat-
terns. The results of porosity and water absorption have a
significant impact on the compressive strength of mortar, as
porosity increases, so does water absorption. A high poros-
ity indicates a high capillary volume in the mortar, which
degrades the quality of the mortar. The results of porosity
and water absorption in the study, which increased but not
substantially, were also consistent with some of the results
of previous studies, which indicated that the use of agricul-
tural waste of up to 30% as a substitute for cement in the
production of mortar or concrete was acceptable [24, 83,
88-92]. However, previous investigation indicates that the
porosity and water absorption values decrease substantially
when large amounts of waste (up to 60 percent) are utilized.

Mass loss and mass density

The mass loss test aims to determine the change in mass
and the potential for mass loss because of using waste as a
cement substitute material to manufacture mortar. Figure 14
shows the respective mass loss results for all three types
of used waste. Figure 14 demonstrates that the trend curve
has increased (a positive value), indicating that the mass of
mortar has increased, whereas the trend curve has decreased
(a negative value), indicating that the mass of mortar has
decreased from its initial mass at the initial age. Rice husk
ash, bagasse ash, and corn cob ash waste demonstrate that as
concrete age reaches seven days, the mortar mass increases
as more waste is applied. This is because the mortar is cured
with water curing for the first week. As the amount of waste
utilized increases, the mortar absorbs more water because of
this curing. The results of the porosity and water absorption
tests demonstrate this increase in mass, as a large quantity
of waste results in a large amount of water absorption. This
tends to apply to all waste types (rice husk ash, bagasse ash,
and corn cob ash), with the variant of 30% waste resulting
in a higher mass increase throughout the curing process. It
should be noted that the addition of mass during the curing
process does not exceed 8%. After the curing process, all
test objects were placed in a dry place with controlled room
temperature and relative humidity.

The results of the mass loss investigation revealed that
the mass of all specimens decreased after being exposed to
air curing at room temperature. This indicates that a drying
and evaporation process is occurring with mortar the air cur-
ing. In addition, investigations at the age of 28 days mortar
revealed that the highest mass loss was always observed in
the hardened mortar with waste containing 30% of RHA,
BA, and CCA. As the amount of waste produced increases,
the resulting mass loss also increases. However, the mass

@ Springer

loss in mortar containing 30% waste does not exceed 6%
for BA and CCA and 8% for RHA. This shows that RHA
has higher possibility of mass loss than BA and CCA mor-
tar. This mass loss can also indicate shrinkage, with RHA
mortar shrinking more than BA and CCA mortars. The sig-
nificant mass loss in the mortar with an amount of waste
of 30% occurs due to the influence of the waste used as a
cement substitute. With a high amount of waste, it causes
the ability to absorb water to be higher. In addition, it also
causes the ability to evaporate water in the mortar to be
higher and faster.

Figure 15 shows the results of the mass density measure-
ment for each mortar variation at 28 days of age. Based on
the results of this experiment, it is obvious that all waste
has the same effect on mass density, as more waste is added,
the mass density decreases. It can be concluded that waste
used as a cement substitute can produce a lightweight harder
mortar. This is a significant advantage as an alternative con-
struction material that is more eco-friendly and can produce
lightweight materials. The investigation results show that
hardened mortar using CCA produces a lower mass den-
sity than BA and RHA mortar. However, the difference in
mass density between the three types of waste in the hard-
ened mortar is not very significant. It can be concluded that
apart from being a sustainable material capable of reducing
the use of cement, this agricultural waste material can also
produce a lightweight structure that can produce hardened
mortar lighter than normal mortar. Some previous studies
also demonstrate that an increase in the amount of agricul-
tural waste causes decreases in the mass density of mortar
or concrete [49, 93-95].

Hammer test and ultrasonic pulse velocity (UPV)

In general, the non-destructive test on hardened mortar
investigates the hardened properties, such as compressive
strength and porosity of the hardened mortar. In this study,
UPYV and rebound hammer tests were carried out to evalu-
ate the compressive strength of the mortar. Figure 16 shows
the results of the non-destructive test on the specimens that
of 28 days old. The results shown are the average of 5 test
objects for each variation. The results of the UPV test show
that the velocity rate has decreased as the amount of waste
used increases, both RHA, CCA, and BA waste mortar. The
same trend was also generated through the rebound ham-
mer test, where the rebound number decreased in specimens
with a higher amount of agricultural waste. This demon-
strates that as the velocity rate value on the UPV test results
decreases, so does the compressive strength of the mortar,
as well as the results of the rebound hammer test, where
the decreased rebound number indicates a decrease in the
strength of the hardened mortar.
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Fig. 14 Mass loss of mortar for
28 days
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Fig. 16 The results of UPV and rebound hammer test

In addition, this study observes a correlation between
the non-destructive test results and the concrete compres-
sive strength test results, as shown in Fig. 17. The results
indicate that the correlation coefficient between compres-
sive strength and UPV test results is 0.829, indicating that
compressive strength will also increase as the velocity rate
increases. In addition, the correlation coefficient between
the results of the rebound hammer test and the compres-
sive strength of the mortar is 0.8229. It can be concluded
that there is a strong correlation between the results of
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the non-destructive test and the compressive strength test.
The regression analysis used to calculate the correlation
between compressive strength and the non-destructive test
applies to all three wastes. Previous studies demonstrated
a similar correlation between UPV values and compres-
sive strength [96-99] and rebound hammer test values and
compressive strength [100—103]. According to the results
of previous studies, it also shows an increase in the veloc-
ity rate, and the rebound number indicates an increase in
compressive strength.
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Conclusions

This study investigated the engineering properties of mortar
containing untreated agricultural waste ashes (RHA, BA,
CCA) as cement replacements. This study determines the
various characteristics of agricultural waste used in the
production of mortar in order to produce sustainable con-
struction materials. Various destructive and non-destructive
inspections were conducted on both fresh and hardened
properties. This research determined the optimal composi-
tion of the amount of agricultural waste that can be utilized
by taking into account the quality of the mortar produced.
Based on the experimental results that have been discussed
above, some conclusions can be drawn as follows.

1. Mortar containing agricultural waste has inferior fresh
properties compared to conventional fresh mortar. This
is due to the waste ability to absorb large amounts of
water. As the amount of waste increases, fresh mortar's
workability decreases.

2. The compressive strength test results indicate that as
the amount of agricultural waste used increases, the
resulting compressive strength decreases substantially,
particularly at the early age of mortar. In addition, the
authors suggest substituting 10% of waste for cement.
This is due to the proven fact that 10% waste can reduce
cement consumption and produce mortar with compa-
rable compressive strength to normal mortar.

3. The results of the hardened properties for water absorp-
tion porosity, mass loss, and mass density show the same
pattern. The water absorption and porosity increase in
correlation to the amount of waste used, although the
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results are insignificant compared to normal mortar. In
addition, the increasing amount of waste results in a
lower mass density hardened mortar than normal mortar.
So that the use of this waste has the potential to produce
a lightweight material.

4. The correlation between the results of non-destructive
tests, such as UPV and rebound hammer tests, and the
compressive strength tests for all types of waste varia-
tions are strong correlations, which is 0.829 correlation
between UPV and compressive strength, and 0.8229 cor-
relation coefficient between the results of the rebound
hammer and the compressive strength.
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