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Concrete is the most extensively utilized construction material globally and is increasingly used due to industrialization and
urbanization. Currently, most scientists worldwide are concentrating their attention on effective strategies to adopt materials from
large amounts of waste resources as a partial substitute for cement in concrete production due to scarcity of resources and
continuous environmental pollution. In this study, an experimental investigation was conducted on the properties of concrete
made from the partial replacement of cement by hybrid coffee husk ash (CHA) and sugarcane bagasse ash (SCBA). The study
considered different percentages (0%, 5%, 10%, and 15%) of hybrid ash to assess the engineering properties of fresh and hardened
concrete of C-20/25. A slump and compaction factor test was conducted to study the workability of fresh concrete. The study
showed that, as the percentage of replacement increased from 0% to 15%, the workability of the concrete decreased up to 15.15%.
In addition, compression, split tensile, and flexural tests were done on the 7th, 14th, and 28th days to investigate the properties of
hardened concrete. Based on the test result, 10% of hybrid ash was the maximum percentage of replacement that showed a
compressive and tensile strength greater than the target strength. Therefore, the study concludes that up to 10% replacement of
cement by hybrid ash may be employed in concrete production, which in turn is used to minimize the cost of construction and

environmental pollution by recycling waste coffee husk and sugarcane bagasse.

1. Introduction

Concrete is one of the most widely implemented materials in
the construction area worldwide, which is mainly composed
of cement, coarse aggregate, and fine aggregate mixed with
water. The production of concrete ingredients like cement
demands a large number of natural resources. In another
way, the consumption of natural resources is increasing
because of the rapid development of urbanization and in-
dustrialization, which may lead to a significant effect on
environmental sustainability. From the total greenhouse
gases production (CO2), 8% is emitted from the cement
industrial sector [1, 2], which is increasing at an enormous
rate due to population growth and urbanization. At the
current time, the attention and focus of most industrialists

and researchers are to reduce the exhaustion of usual re-
sources and environmental pollution by considering waste
materials in concrete production [3, 4]. In a general sense,
the generation of wastes from industrial and agricultural
sectors is unavoidable. However, effectively utilizing and
reusing them must be the solution to reducing environ-
mental impact. Many inventions are emerging over the
world to control and regulate byproducts, industrial wastes,
and residuals. This allows the preservation of the environ-
ment from pollution and sustainability of the resources. In
this regard, some researchers [5, 6] have proposed the
utilization and viability of numerous industrial and agri-
cultural wastes as construction material without negotiating
the required quality and strength. Numerous researches
have been reported and affirmed [7, 8] the substitution of
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cement by waste product is not only a matter of waste
disposal but also possible to produce concrete with enhanced
robustness properties.

So far, many construction industries are commonly
practicing the importance of diverse waste materials that
replace cement in concrete production. Several studies have
been conducted on the mechanical properties of concrete
with the replacement of cement partially by fly ash [9], wood
ash [10], blast furnace slag [11], waste paper sludge ash [12],
palm oil fuel ash [13], waste glass [14], rice husk ash [15], and
others. The replacement of cement by some waste byproduct
with a specified proportion will enhance the mechanical
properties of concrete [16, 17]. The studies considered
marble slurry, rice husk, and bamboo leaf ash as a partial
replacement. The performance of concrete is significantly
affected by the chemical composition of replaced cement
material [18]. This paper aimed to use low C3A cement with
fly ash, which has suitability on the mechanical properties of
concrete. In general, the substitution of concrete ingredients
with different recycled waste materials mainly allows the
sustainability of the resource and reduces the cost of con-
struction and environmental pollution [19, 20].

Moreover, industrial and agricultural wastes having
pozzolanic properties have a high probability of replacing
cement. For instance, coffee husk ash possesses pozzolanic
behavior, as confirmed by research investigation [21]. Addi-
tionally, pozzolanic properties of coffee husk ash have been
investigated in some countries and confirmed to have some
properties of the pastes, water tightness, concrete-like com-
pressive strength, and mortar [22]. On average, 7 million tons
of coffee beans were produced annually, based on the Inter-
national Coffee Organization report [23]. On the other hand,
sugarcane bagasse ash is one of the industrial byproducts,
which can be exploited in concrete with a fractional re-
placement of cement because of their fibrous and pozzolanic
characteristics [24, 25]. Burning sugarcane bagasse at a suitable
temperature, specifically between 600°C and 800°C, allows
producing ash that holds a significant quantity of amorphous
silica with outstanding pozzolanic behaviors [26]. The amount
of silica in bagasse is suitable to replace cement in concrete
materials [27]. Furthermore, around 500 tons per year of
sugarcane is approximately produced worldwide [28]. A
considerable amount of sugarcane bagasse biomass is drawn
from sugar production, outdoor incineration, energy recovery,
laboratory experiments, and prototype incinerators built to
oversee the pozzolanic attributes of the ash.

As a particular case, in Ethiopia, there is an enormous
amount of coffee husk and sugar bagasse ash, which was not
utilized efficiently [29, 30]. Around sugar and coffee pro-
cessing factories, there were wastes dumped in high volume.
Studies showed that around 192000 metric tons of coffee husk
leftover were wasted in Ethiopia as a byproduct per year [29].
Furthermore, the organic materials in coffee husk wastes
make it extremely a pollutant and need an excessive amount
of oxygen for degradation [31]. Therefore, the greenhouse gas
emissions and construction costs can be reduced by incor-
porating coffee husk and bagasse ash waste in the production
of concrete. So far, some studies have shown partial re-
placement of cement in concrete production using coffee
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husk and sugarcane bagasse ash independently. However, to
the authors’” knowledge, no study showed the combined ef-
fects of the two materials as partial replacement of cement in
making concrete. Therefore, this study aims to make appli-
cation of the combination (hybrid) of sugarcane bagasse ash
(SCBA) and coffee husk ash (CHA) produced in Ethiopia as a
considerable pozzolanic content to substitute cement par-
tially. To this end, this study performed an experimental study
to observe the influence of adding hybrid of CHA and SCBA
ash on the physical and mechanical characteristics of con-
cretes and pastes by surveying specifically its consistency,
setting time, workability, the unit weighs, compressive
strength, split tensile strength, and flexural strength, which is
used to analyze and identify the suitability of the hybrid ash as
cement in the concrete production with full information. In
another case, it is used to minimize energy consumption and
environmental damage, which may realize the objective of
sustainable development. Therefore, the use of hybrid ash
could increase the sustainability of its supply, in case of in-
creasing demand when compared to its independent use
alone, and cover some proportion of resources used in the
production of concrete. This has a great contribution to
environmental conservation and construction cost reduction
and increases the sustainability of the resource.

2. Experiment

2.1. Materials. The study specimens were prepared using a
combination of different materials like hybrid coffee husk
and bagasse ash, ordinary Portland cement, fine aggregate,
coarse aggregate, and water.

Hybrid coffee husk and sugarcane bagasse ash: coffee
husk was collected from Jimma town, Ethiopia, and was
burned in a carbonate furnace for three hours at 550°C to get
coffee husk ash as proposed in [21]. Figure 1(a) shows burned
coffee husk in the furnace. Sugarcane bagasse ash (SCBA)
sample was gathered from Arjo Didessa Sugar factory, East
Wollega, Ethiopia, which is already burned, to ash in the
furnace and it was sieved by 75um sieve size to discard
impurities and course size particle. Figure 1(b) shows the
sugarcane bagasse ash obtained from Arjo Didessa.

The hybrid is made from an equal proportion of its in-
gredients, which means 50% from coffee husk ash and 50%
from sugarcane bagasse ash. The complete silicate analysis
was conducted to determine significant and minor oxide
elements of hybrid ash at the Geological Survey Center of
Ethiopia using LiBO2 Fusion, HF attacks, Gravimetric,
Colorimetric, and Atomic Absorption Spectrophotometer
(AAS) methods. Hybrid CHA&SCBA ash was found to
constitute Al203, Fe203, and MgO within the range, as
described in ESA [32] and ASTM C150 [33] standard, and
resulted in the formation of compounds like C3S and C3A,
which are mainly accountable for the initial strength of
concrete. Moreover, the hybrid CHA&SCBA ash was
affirmed to possess a significant alkali content like K20
(16.70%). Therefore, when aggregates rich in silica are used to
produce concrete, there is a high probability of reaction with
alkali silica. Table 1 illustrates the chemical composition of
hybrid coffee and bagasse ash obtained from the investigation.
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FIGURE 1: (a) Coffee husk ash and (b) sugarcane bagasse ash.
TaBLE 1: Major and minor oxides of hybrid of CHA and SCBA.
Component SiO2 Al203 Fe203 CaO MgO K20 MnO P205 TiO2 H20 LOI
Hybrid ash 31.32 3.16 1.66 5.86 1.68 16.70 0.08 2.30 0.20 1.52 36.32

Fine aggregate (sand): Natural sand having a maxi-
mum size of 4.75mm was collected from the river and
used for the test. Fine aggregate fully passing through
9.5mm sieve size was used. By using the particle size
distribution data, the average fineness modulus (unifor-
mity of grading) used for mix design was calculated to
check its conformity according to the ASTM C33 [34]
recommendation. Table 2 and Figure 2 present the
physical and particle size distribution of fine aggregate
used for the tests, respectively.

Coarse aggregate: Coarse aggregates of an average weight
extracted from crushed rock with a maximum diameter of
20 mm were used. Then, the excess fines in coarse aggregates
were removed by sieving through a 4.75mm sieve in con-
formity as per the requirements of the ASTM C33 [34]
standard, and the result is illustrated in Figure 3. Its physical
properties were presented in Table 3.

Cement: Portland Pozzolana cement of Dangote product
with 32.5R grade was used for mixing based on standard
specification requirement of ASTM C187 [35], ASTM C191
[36], ASTM C184 [37], and ASTM C188 [38] to examine the
physical properties of cement-like: the standard consistency,
setting time, fineness, and specific gravity, respectively. The
cement fineness obtained from the laboratory experiment
showed that 100% passed the 150 um, 97.4% passed the
100 ym, and 93.1% passed 90 ym and 77.8% passed 63 ym.
Table 4 illustrates the physical properties of cement obtained
from laboratory investigations.

Water: portable drinking water of Jimma municipality
town was used for curing and mixing the concrete, which
conforms to ASTM C1602 [39] specification requirements.

2.2. Mixing Design, Casting, and Curing. For this particular
investigation, a mix ratio proposed according to ACI 211-1
[40] was employed to get the intended C25 concrete grade.
To prepare and cast the test specimens, the methods and
procedure stated in ACI-C31 [41] were followed. Three-
layer casting was considered for all test specimens, in

TaBLE 2: Physical properties of fine aggregate.

Properties Result ASTM C33 limit
Density (kg/m3) 1578 —

Bulk specific gravity 2.52 2.4-29
Apparent specific gravity 2.47 2.4-2.9
Water absorption capacity (%) 1.32 0-4%

Free surface moisture (%) 0.5 —

Silt content (%) 4.2 <5.0
Particle size (mm) 9.5-0.15 9.5-0.15
Fine modulus 2.4 2.3-3.1

which the compaction was undertaken manually by steel
tamping rod with 25 number blows for each layer. Before
mixing, each ingredient of concrete was prepared based on
their respective weighted proportion by measuring with a
weighting system as presented in Table 5 to keep the
variation of proportion. At the initial stage, the coarse
aggregate was put into the drum, then followed by sand.
Then both ingredients were dry-blended with the required
amount of cement (OPC) and hybrid ash. After a time
being water was poured to dry-blended ingredients. The
blending was performed for 10 minutes of duration for all
test specimens under a 30 rev/min constant mixing rate.
Figure 4 illustrates a way of casting concrete specimens.
After casting, the test specimens were cured in a water tank
which is available in Jimma University laboratory room
and the temperature was kept in a range of 21°C and 25°C
as recommended according to ASTM C511 [42].HA is
hybrid ash.

2.3. Specimen Testing. Fresh concrete test: slump and
compaction factor test have been conducted based on ASTM
C143 [43] and BS 1881-103 [44] standard specification,
respectively, to check the workability of the concrete
specimen having 0%, 5%, 10%, and 15% of partial re-
placement of cement by hybrid CHA and SCBA ash. The
reported value was determined from the average value of 3
specimens’ measurements.
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FIGURe 3: Coarse aggregate particle size distribution.
TaBLE 3: Physical properties of course aggregate. Water absorption and density: the water absorption
Propertics Result ASTM C33 limit and density of the specimen have .been dgtermmed l?ased
- average value of three cubic specimens in conformity of
Density (kg/m3) 1676.5 1200-1750 ASTM C642
. . [45].
Bulk specific gravity 2.87 2.4-29 . .

A ! ) Hardened concrete test: flexural, split tensile, and
pparent specific gravity 2.82 2.4-2.9 ; .
Water absorption capacity (%) 0.9 0-4% compression tests have been conducted as proposed in
Free surface moisture (%) 0.4 — ASTM C78 [46], ASTM C496 [47], and BS EN 12390-03
Particle size (mm) 25-9.5 mm _ and BS 1881-116 ([48, 49]), respectively, on a concrete

specimen having 0%, 5%, 10%, and 15% of partial sub-
stitution of cement by hybrid CHA and SCBA at 7th,

TABLE 4: Setting time, specific gravity, and standard consistency of 14th, and 28th day of curing. The number of specimens

the cement. for hardened concrete was summarized in Table 6.
The physical properties of Dangote OPC cement Standard size of 150 mm x 150 mm X 150 mm cubic,
Standard consistency (%) 29 150 mm diameter by 300mm height cylinder, and
Specific gravity 2.9 150 mm x 150 mm x 700 mm beam were used for com-
Initial setting time (min) 150 pressive, split tensile, and flexural tests, respectively.
Final setting time (min) 270

Figure 5 shows the tests performed for hardened concrete
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TaBLE 5: Content of concrete constituent for test.

Specimens composition Cement (kg/m’®) Hybrid ash (kg/m’) Fine aggregate (kg/m’) Course aggregate (kg/m>) Water (kg/m’)

100% C+0% HA 370 0

95% C+5% HA 351.5 18.5
90% C+10% HA 333 37
85% C+15% HA 314.5 55.5

673.40 1087.80 185
673.40 1087.80 185
673.40 1087.80 185
673.40 1087.80 185

Ficure 4: Casting concrete test specimens.

TABLE 6: Summary of specimens for hardened concrete.

Types and number of tests

Types of specimens Compressive Split tensile Flexure beam Total
7th 14th 28th 7th 14th 28th 7th 14th 28th

100% C+0% HA 3 3 3 3 3 3 3 3 3 27

95% C+5% HA 3 3 3 3 3 3 3 3 3 27

90% C+10% HA 3 3 3 3 3 3 3 3 3 27

85% C+15% HA 3 3 3 3 3 3 3 3 3 27

Total 108

FIGURE 5: (a) Compressive test. (b) Tensile split test. (c) Flexural test.

specimens. The average value of three concrete specimens
was reported for each test type.

3. Result and Discussion
3.1. Hybrid of Ash and Cement Blended Pastes

3.1.1. Consistency of Blended Pastes. Since the water-cement
ratio affects the rate of hydration and the setting of cement,
the water demand of each can be assessed and identified.
Table 7 shows the detailed results of the normal consistency
of cement and hybrid ash based on the ASTM C 187 [35]
standard. As the substitution of hybrid ash increased from

TaBLE 7: The consistency of concrete pastes comprising hybrid
CHA&SCBA.

S. No Percentage of replacement Consistency (%)
1 100% C+0%HA 29
2 95% C+5%HA 30
3 90% C+10%HA 32
4 85% C+15%HA 33

0% to 15% in concrete production, the consistency of
concrete paste increased by 13.8%, because of high ab-
sorption of water.



3.1.2. Setting Time for Blended Paste. According to the
ASTM C150 standard [33], a limitation has been specified
that the initial setting time of cement paste shall not be less
than 45 minutes, and the final setting time shall not exceed
375 minutes. As indicated in Table 8, the addition of hybrid
CHA and SCBA ash decreased the rate of setting of the
blended paste. However, the setting time of the paste is
within an acceptable range, when compared to the standard
specification. The setting time of the pastes is increased
because of the higher absorption of water on the hybrid of
CHA and SCBA ash. With the higher proportion of hybrid
CHA and SCBA ash used, the water adsorption capacity and
the normal consistency are increased, which in turn slow the
rate of setting of the pastes.

3.2. Physical Properties of Test Specimens

3.2.1. Workability. Slump test: Figure 6 illustrates outputs of
the slump test for the control and partially replaced cement
concrete specimens. The test revealed that as the percentage of
hybrid CHA&SCBA ash increases, the slump value is decreased
when compared to the control specimen, under constant water-
cement ratio. As the percentage of hybrid ash increased from
0% to 15%, the slump value decreased by 15.2%. This implies
that ordinary Portland cement with a hybrid of CHA&SCBA
ash blended concrete paste needs a higher water content than
control. The possible reason was that the hybrid of CHA&SCBA
ash has lower density of 2416.79 kg/m3, 2383.21 kg/m3, and
2183.7 kg/m3 and higher porosity of 9.23%, 10.16%, and 11.03%
for 5%, 10%, and 15% hybrid ash, respectively. To have a slump
value similar to the control, the amount of water content could
be increased as the hybrid of CHA&SCBA ash content in-
creased. The required amount of water can be determined by
using different water-cement ratios with try and error during
concrete paste making and testing, until their range of slump
value with control approaches zero. According to ASTMC143/
C143 M [43] standard, concrete pastes having a slump test value
less than 15 mm may not be adequately plastic and greater than
230 mm may not be adequately cohesive. The slump test values
between 15mm and 230mm are favorable in concrete pro-
duction. On another hand, ACI 211.1-91 [40] recommended a
slump value in a range of 20 mm to 100 mm based on different
types of construction like foundation, wall, column, beam, and
others. The slump test value obtained from the experimental
investigation was found in between the ranges specified in the
standards. Therefore, the hybrid of CHA&SCBA ash concrete
paste is good in plastic and cohesive properties and can be
applied to different types of construction [29, 30]. As a result, it
was found that a hybrid of CHA&SCBA ash concrete will be
good to minimize the segregation of fresh concrete during
placing and consolidating.

Compaction factor test: From Figure 7, it was clearly
understood that as the percentage of hybrid ash content
increased, the compaction factor test result decreased. As the
percentage of hybrid ash increased from 0% to 15%, the
compaction factor value decreased by 6.92%. This implies that
a large amount of water is required for hybrid CHA&SCBA
ash concrete to get a similar compaction factor with control.
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3.2.2. Density of Hardened Concrete. The weights and di-
mensions of the cubic specimens were measured just before
testing, in order to compute the density at 7th, 14th, and
28th day age. A 2400 kg/m3 is a conservative value for the
density of concrete, according to most standard recom-
mendations [50]. However, the density of concrete is
largely dependent on the physical properties of its con-
stituent. Therefore, it is highly preferred to compute the
density of the specimens experimentally for analysis and
design purposes. The result indicated in Table 9 and Fig-
ure 8 shows the density reduction as the percentage of
replacement increased due to the low bulk density of hybrid
ash. In another way, the density of concrete is increased up
to 1.3%, as concrete age increases from the 7th to the 28th
day due to further hydration. Such type of concrete has a
significant benefit due to lowered density, specifically for a
load-bearing structure having smaller cross-sections. The
result also causes the corresponding decrease in the size of
the foundations.

3.3. Mechanical Properties of Test Specimens

3.3.1. Compressive Strength Test. Types of cement, curing
conditions, and temperature affect the compressive strength
of the concrete at any time tday. At a 20°C mean temper-
ature and following EN12390 curing, the minimum or target
concrete compressive strength at time ¢ can be predicted
according to (1) [48].

feac () = fo (1) —8(MPa) for3 <t <28days,

fck(t) = fck
fcm () = ﬁcc (t)fcm, (1)

B (1) = exp(s‘ [1 —(Zf)m] )

fem (8) is the mean concrete compressive strength at the age
of t day, f, is the mean compressive strength, B (t) is a
coeflicient that depends on the concrete age, ¢ is the age of
the concrete in day, and s is a coefficient which depends on
the type of cement.

As it can be understood from Figure 9(a), the com-
pressive strength of partially replaced cement of concrete
specimens is decreased compared to the control specimens,
except the concrete compressive strength of 5% hybrid
specimen at the 7th day of curing, which has greater
compressive strength. The decrease in concrete compressive
strength of partially replaced concrete paste is caused by the
partial substitution of cement by the hybrid ash. Except for
15% partially replaced concrete, all specimens have a
compressive strength more incredible than the target design
compressive strength requirement of EN12390 [48] and ACI
113 [51] specification at 28th days. This implies that cement
replaced by 10% hybrid ash is the limit compressive strength
greater than the target strength. Figure 9(b) illustrates the
percentage of reduction of the concrete compressive
strength with partially replaced cement compared to control

for > 28 days,



Advances in Materials Science and Engineering

TaBLE 8: Concrete paste setting time containing hybrid CHA&SCBA ash.

S. No Code Initial setting time (minutes) Final setting time (minutes)
1 100% C+ 0%HA 150 270
2 100% C+5%HA 156 277
3 100% C+ 10%HA 164 287
4 100% C+ 15%HA 182 308
Slump Test
34 EEERERERC TSRS EEEEEE R :
33 o ~ RN S
g 32 IHE T :
\;a-)/ 31 N N N N N N 3:()
Z 30 : Ll
> 29 T
o [ttty
g 28 S
2 27
w
26
25 : : : :
Control Hybrid 5% Hybrid 10% Hybrid 15%
CHA&SCBA CHA&SCBA CHA&SCBA
Replacement Parcentages
FIGURE 6: Slump test result.
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Ficure 7: Compaction factor test result.
TaBLE 9: Density of the cubes specimen. 3.3.2. Split Tensile Strength Test. The target or minimum
Densi tensile strength of the concrete also mainly depends on age,
Speci Density (Kg/m®) ensity curing, and temperature, which can be estimated using [52]
pec1me¢s reduction (%) & p > 8
composition
7th 14th 28th  7th 14th 28th fem =09 fct’sp,
100% C+0% HA  2437.53 2445.43 2469.14 0.0 0.0 0.0
o
95% C+5% HA 2400.99 240593 2416.79 1.5 1.61 212 fctm (1) = (ﬁcc (t)) 'fctm’
90% C+10% HA  2356.54 2380.25 2383.21 3.32 2.67 3.48
85% C+15% HA  2272.59 2284.44 229333 6.77 658 7.12 a=1 fort<2s, @)
2
specimens. The concrete compressive strength is signifi- *=3 fort >28

cantly decreased as the percentage of partial replacement
increases. Loss in compressive strength of 8.34%, 12.82%,
and 27.17% was observed when 5%, 10%, and 15% of the
cement were replaced by an equivalent mass of hybrid CHA
and SCBA ash, respectively, on the 28th day compressive
strength test.

95 % fractile  f 095 = 1.3 % fms

where f ., (¢) is the mean concrete tensile strength at the age
of tday, f, is the splitting tensile strength, f,, is the
mean tensile strength at age of 28 days, t is the age of the
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FIGURE 9: (a) Compressive strength of test specimens and (b) reduction in compressive strength of partially replaced cement concerning

control specimen.

concrete in day, and « is a coefficient which depends on the
age of concrete.

In Figure 10(a), a clear relationship was observed
between control mix split tensile strength and hybrid of
CHA and SCBA ash content. As a hybrid of CHA and
SCBA ash content increased from 0% to 15%, on the 7th,
14th, and the 28th day, the split tensile strength decreased
by 12.83%, 20.0%, and 25.0%, respectively. However, their
values are still in a reasonable range of up to 10%, which is
greater than the target concrete tensile strength proposed
in ESA [52] and ACI 113 [51] on the 28th day of curing.
Therefore, the percentage of replacement of up to 10% can
be practically applied in concrete production, which is
acceptable strength. The 15% replacement is slightly out of
range for the targeted grade of concrete C25, and the
concrete does not conform to the specification. Besides, as

presented in Figure 10(b), the split tensile strength of
hybrid CHA&SCBA ash of the 28th day was decreased
within the range of 2.87% to 24.84% as compared to the
control mix.

3.3.3. Flexural Test. A standard machine with two-point
load at one-third span was used to investigate the flexural
behavior of plain concrete beams made from different
hybrid ash. The flexural test was used to evaluate the tensile
strength of concrete indirectly. As it is observed from
Figure 11, the flexure strength of concrete was increased as
the age of curing increased. The positive percentage of
variations from the control mix is observed for hybrid 5%,
10%, and 15% on the 7th day, 10% and 15% on the 14th day,
and 15% on the 28th day test result. The maximum flexural
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FiGure 10: (a) Split tensile strength of test specimens and (b) reduction in tensile strength of partially replaced cement concerning control

specimen.

strength of 7.17 MPa was obtained for hybrid 5% on the
28th day of curing, which is greater than the control. Based
on the test result, flexural strength increased by 2.79% and
0.21% for 5% and 10% hybrid concerning control on the
28th day. However, on the 28th day, flexural strength
decreased by 16.24%, when 15% hybrid ash replaced ce-
ment [53]. This confirms that the flexural strength is not
affected when hybrid ash is up to 10% incorporated in
concrete production.

3.3.4. Stress-Strain Curve. Figure 12 illustrates the stress-
strain curve of 5%, 10%, and 15% partially replaced and
control mix of the 28th day test result. The slope of stress-
strain curves is slightly decreased as the percentage of partial
replacement increases. Moreover, once the peak load is
reached, the load-carrying capacity (ductility properties of
concrete) from the yield strain up to the point of rupture
(ultimate strain) for hybrid coffee husk and sugarcane ba-
gasse ash concrete was less than the control mix. This shows
that as the percentage of replacement increases, the elastic
modulus, strength, and ductility will decrease [54]. As the
slope of the curve becomes steep, the elastic modulus gets
high value. In another case, concrete with high elongation or
strain at ultimate failure is more ductile than concrete with
low elongation or strain.

3.4. Regression Analysis. Regression analysis is significantly
important to know the influence of at least one independent
variable on the dependent variable. For this particular study,
regression and correlation were conducted in Microsoft
Excel. Figure 13 illustrates the correlation between concrete
compressive and tensile strength using output obtained from
the experimental test. There is a strong positive relationship

Flexural Strength (MPa)

7th 14th 28th

Curing age (day)

-@®- Control
Hbrid 5% CHA & SCBA
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Hbrid 15% CHA & SCBA

FIGURE 11: Flexural strength of test specimens.

between the two variables with the coefficient of determi-
nation of 0.8506. This implies that as concrete compressive
strength increases, the concrete tensile strength is also in-
creased. Furthermore, the regression analysis was conducted
to access the effect of independent variables (hybrid ash and
curing days) on compressive and tensile strength. Equation
(3) is used to predict the compressive strength of concrete
for a given percentage of hybrid ash and curing days. Using
empirical formula derived from regression analysis for
compressive strength, 9.41% is the maximum percentage of
replacement, which resulted in a compressive strength
greater than the target. Based on the coefficient of



10

35

Stress (Mpa)

0f—
0 0.0005  0.001

0.0015  0.002

Strain (mm/mm)

0.0025  0.003

—e— Control
Hybrid 5% CHA&SCBA
—< Hybrid 10% CHA&SCBA
Hybrid 15% CHA&SCBA

FIGURE 12: Stress-strain curve of test specimens at 28th day.
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FIGURE 13: Relationship between tensile and compressive strength.
x is the concrete compressive strength in MPa, and y is the concrete
tensile strength in MPa.

independent variables, there is a negative relationship be-
tween hybrid ash and compressive strength and a positive
relationship between curing days and compressive. The same
relationship was observed for tensile strength as illustrated
in (4).

fe
fi

where f_ is the concrete compressive strength in MPa, f, is
the concrete tensile strength in MPa, a is the content of
hybrid ash in %, and d is the curing period in days.

-0.3633a + 0.30751 d + 19.81, (3)

—0.0381a + 0.037662 d + 2.5411, (4)

4. Conclusions

In this study, hybrid ash made from an equal proportion of
coffee husk and sugarcane bagasse ash was utilized as cement-
substitution materials in the production of concrete to in-
vestigate its physical and mechanical properties. Hybrid ash
with 0%, 5%, 10%, and 15% was used to access the concrete
properties on the 7th, 14th, and 28th day of curing. Depending
on the test results, the following conclusions are drawn:
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(i) As the hybrid ash replacement value increased from
0% to 15%, the workability and density of concrete
decreased by 15.15% and 11.56%, respectively.
However, the normal consistency and setting time
of concrete increased by 13.79% and 18.35%.
Therefore, for certain workability, higher water
content is required.

(ii) Concrete compressive strength is decreased, as the
value of percentage of replacement increases.
However, on the 28th day, concrete made from the
partial substitution of cement by up to 10% resulted
in a compressive strength greater than the target
(25 MPa). Therefore, 10% of replacement is the
maximum limit, in order to get strength greater
than the target.

(iii) Split tensile strength is also decreased, as the per-
centage of replacement increases. Split tensile
strength on the 28th day was slightly decreased
within the range of 2.87% to 24.84% for hybrid ash
content in the range of 5% to 15% replacement.
However, the specimens with up to 10% showed a
tensile strength greater than the target.

(iv) In addition, as the percentage of replacement in-
creased, the flexural strength also decreased at all
curing days except the concrete test specimen made
from 5% hybrid ash which showed a flexural
strength greater than the control specimen on the
14th and 28th day and the test specimen made from
10% showed almost equal flexural strength with
control specimen on 28th day.

(v) Regression analysis showed a strong correlation
between concrete compressive and tensile strength
with the coeflicient of determination of 0.8506. This
implies that, as concrete compressive strength in-
creased, the tensile strength also increased [55-60].
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