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Abstract Global infrastructural development is one of
the causes of environmental degradation resulting from the
high usage of cement and other nonrenewable materials.
These activities have led to a shift in research in the
building industry towards the employment of abundant
natural raw materials. Locust bean pod (LBP) is a waste
product gotten from the harvest of African Locust Bean
(Parkia biglobosa). Existing literatures have shown the
immense potentials of using locust bean pod ash (LBPA)
as a substitute for cement in cement-based products, thus
drawing research attention on the subject. This paper
presents a conspectus of previous researches on the use of
LBPA for concrete and mortar production. Consequently,
the effects of LBPA on slump, compressive, flexural,
tensile strength as well as some durability properties are
discussed. It was concluded that LBPA is pozzolanic and
can be satisfactorily utilized as a supplementary cementing
material (SCM) to enhance concrete properties with an
optimum replacement range of 5 to 15%. The study
highlights areas of further research and recommends the
adoption of this emerging innovation as a result of its
established performance and its potentials for sustainable
concrete manufacture.

Keywords Concrete, Durability, Locust Bean Pod Ash,
Supplementary Cementitious Materials, Properties

1. Introduction

Global infrastructural development has led to drastic
surge in the usage of concrete, thereby retaining its spot as
the most commonly used building material globally [1].
Concrete is made of ordinary Portland cement (OPC),
aggregates, water and in some cases admixtures [2]. Thus,
the construction industry is highly dependent on OPC
which is the most influential constituent of concrete [3].
However, OPC is expensive, and its production has a
negative effect on the environment; cement manufacture is
the tierce source of CO, emission behind fossil fuels and
land-usage due to deforestation [4], [5]. It is projected that
the emanation of CO- is between 0.8-1.3 tons per ton of
cement making and accounts for 8-10% of the total global
CO; emission [6]. Thus, the need to replace cement so as
to reduce the greenhouse gases is immensely crucial [7]. In
a bid to reduce cement consumption globally, industrial
waste products and agricultural wastes have been explored
as SCM [8]. These include silica fume [9], fly ash [10], slag
[11], glass powder [12], bottom ash [13], rice husk ash [14],
groundnut husk ash [15], among others. Pozzolans have
been found to increase concrete's durability, lessen
negative environmental consequences, and lower the cost
of concrete [16], [17]. Due to the qualities of mortar and
concrete containing such materials exhibiting tremendous
potential, the use of agricultural wastes as SCMs has
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intensified [18]. Over 50% of the agricultural biomass
worldwide is made up of crop remains [19]. One of such
agricultural wastes is the LBP obtained from the harvest of
the African Locust Bean tree (Parkia biglobosa).

The perennial tree species native to the west African
savannah is utilized for a variety of purposes, including
food, condiments, medicine and manure [20]. Nearly
201,000 tons of locust bean fruits are harvested annually in
northern Nigeria alone [21]. The harvested fruit, which is
the most valuable component of the tree, has two
components: the seed and yellow pulp making up 61% of
the fruit with the pods (waste material) accounting for 39%
by weight [22]. The fruit is typically opened up so that the
pulp and seeds can be taken out. After that, the pods are
thrown away, burned, and the ashes are placed in landfills;
constituting environmental concerns. The environment and
people's health are negatively impacted by this disposal
methods [23]. There is a need to effectively dispose this
waste to ameliorate the effect on the environment. Proper
waste management like recycling for use in construction
and other areas can be beneficial economically with
reduction in concomitant environmental effects. However,
disposal of these and other wastes is a major challenge. The
basic and most common way of disposal of the waste is to
have the pods and the stem burnt in an open area or left to
decay naturally which is detrimental to the environment
[24], [25]. Thus, controlling agricultural waste like LBP
and looking for creative, long-lasting solutions to reuse it
is essential and ought to be a global priority. To resolve this
dilemma, a significant amount of garbage needs to be
transformed into a worthwhile, environmentally beneficial
product with a long lifespan. Thus, recycling LBP by
utilizing it as building material is a sustainable alternative
that will protect the environment [18].

Hence, numerous methods for integrating LBP in the
creation of environmentally friendly building materials
have been established in earlier studies. These include use
of ground LBP (powder) for soil stabilization, extract for
production of sandcrete blocks and ash (most widely used
form) for production of concrete and mortar [26], [27]. This
is aimed at agricultural waste reduction on the environment,
decreasing depletion of natural resources, reduced CO;
emissions released in cement manufacture as well as
construction cost reduction.

LBPA is produced when LBP is burnt. The ratio of the
LBPA to the pod obtained from the incineration is 1:25 [28].
Figure 1 shows pictures of Locust bean tree, LBP,
calcination of LBP and LPBA.

Previous studies revealed that LBPA improves strength
and durability of concrete and mortar when used to partially
replace cement. It is also an effective soil stabilization
agent [20], [29], [30]. Consequently, research efforts aimed
at improving concrete and mortar performance have
stimulated research into the use of LBPA in various
concrete and mortar applications. Therefore, a
comprehensive review and compilation of various research
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efforts utilizing LBPA as SCM for concrete and mortar
production becomes necessary. This would contribute to
the body of existing knowledge by providing a better
understanding of the subject as well as providing a
compendium of empirical data on the subject for future
research directions. This paper aims to provide a review of
existing research on the use of LBPA as a substitute for
cement in cement-based products.

Figure 1. Locust bean tree, LBP, calcination of LBP and LBPA

2. Methodology

Previous works related to the topic were identified
through search in Google Scholar, Scopus, and Web of
Science as information sources for this review. The terms
“locust bean”, “locust bean pod” “locust bean pod ash”, and
“locust bean pod ash concrete” were used in the search. The
inclusion criteria took into account the papers'
implementation of an empirical investigation into the
effects of LBPA on the characteristics of concrete and
mortar. Similarly, currency where only articles published
between the year 2010 to 2023 and peer-reviewed journal
articles were considered. Articles that were irrelevant and
did not belong to the aforementioned category were not
included in the review. The selected articles were examined,
analyzed and the key qualities of concrete and mortar are
compared and reported in this article.
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3. Chemical Properties of LBPA

Different research works have been carried out using
LBPA sourced from different parts of Nigeria and sub-
Saharan Africa, as partial cement replacement. The locust
bean pods are normally allowed to dry and then burnt in a
furnace. The nature of the LBPA produced is reliant on the
calcination temperature and duration as low temperature
results in crystalline powder whereas amorphous powders
would be produced at high temperature [31]. The
calcination temperatures range from 500— 900 <C. Yisa and
Jimoh [28] recommended a temperature of 500<C. XRF
analysis showed that the LBPA was a Class C pozzolan
based on ASTM C618 [28] having a combined content of
63.57% for SiOy, Al,O3; and Fe,0s. Auta and Kabiru [26]
got 77.81% of SiO,, Al,O3 and Fe,O3 content. Yalley [17]
and Ochola et al. [32] employed temperature of 500<C
whereas Afolayan et al. [33] used open burning to obtain
LBPA for their work. Also, Ojewumi et al. [34], Ali et al.
[35] and Ikumapayi et al. [36] heated the LBP in a furnace
at 500 <C for two hours whereas Ikumapayi [37] resorted to
600<C for 1hour. Conversely, Olubajo et al. [38] calcined
LBP at 800, 850 and 900 <C with calcination periods of 1-2
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hours at 50C and 30 minutes interval. XRF analysis
revealed summation of SiO,, Al,Os; and Fe,O3 to be less
than 50%. Similarly, Ikumapayi [39] got 25.2% of SiO,,
Al,O3 and Fe,O3 content.

In all cases, the LBPA obtained is allowed to cool and is
sieved through BS No. 200 or 150 pm apertures to meet the
requirements for pozzolans [40]. Various results of the
chemical analysis of the LBPA revealed that the sum of
Si0,, Al,O3 and Fe;Os ranged from 25.2 to 77.81%
contingent on the temperature and duration of calcination.
Table 1 shows the chemical composition of LBPA by
different authors.

4. Research Findings on the Use of
LBPA in Concrete and Mortar

Research findings associated with the uses of LBPA on
the features of concrete are subsequently presented in this
section. The properties of concrete and mortar covered
encompass fresh, mechanical and durability properties.
Table 2 gives a summary of some previous studies where
LBPA was utilized in concrete and mortar production.

Table 1. Chemical Composition of Locust Bean Pod Ash from Previous Works

Serial  Composition
Adama and Jimoh  Akpenpuun et al.
(2012) [41] (2019) [29]

1 SiO, 39.01 40.25

2 Al,O3 13.05 13.15

3 Fe,03 1151 9.00

4 Ca0 15.71 12.50

5 K;0 5.62

6 MgO 2.01 2.03

7 Na,O 121

8 SOs 1.50

9 P,0; 5.82

Reference
Yalley (2019)  Auta & Kabiru  Oluetal. Afolayan et
[17] (2020) [26] (2020) [42] al. (2018)
[33]

40.07 64.659 9.48 39.01
14.40 9.785 2.00 13.05
12.51 3.365 18.94 1151
15.71 7.416 19.42 15.71
4.65 2.626 27.54
20 3.659 5.95 2.01
1.20 0.926 0.44

1.990 0.70
5.64 3.449 7.71
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Table 2. Summary of Selected Previous Studies Using LPBA as Reported in the Literature

S/IN  Authors W/b Ratio Method % Replacement

1 Afolayanet  0.55 Cement 0,510 50% in
al. (2018) replacement increment of
[33] 5%

2 Auta et al. 0.50 Cement 0, 5, 10, 15 and
(2020)[43] replacement 20%

3 Akpenpuun 0.55 Cement 0, 10, 15, 20
et al. (2019) replacement and 30%
[29] (Mortar)

4 Alietal. X Cement 0,5,10and
(2019) [35] replacement 15%

5 Ndububa X Cement 0,5, 10, 15, 20
and Uloko replacement and 25%
(2015) [44]

6 Ocholaetal X Cement 0, 5, 10, 15 and
(2021) [45] replacement 20%

7 Yalley PP 0.5+0.02 Cement 0, 40, 50 and
(2019) [17] replacement 60%

8 Olubajo et 0.4 Cement 0,25,5,7.5,
al. (2020) replacement and 10%
[38]

Strength Properties (N/mm?) Summary of Findings

Compressive:
25, 22.33,19.0 (0, 5, 10%)

Increased compacting
factor/slump, decrease in strength
with addition of LBPA

Flexural:
9.2,9.0,7.79,6.57 and 4.5

Increased workability, increased
flexural strength with curing time.

Compressive (mean):

22.5,14.27,13.0, 14.8, and
10.8

Decreased workability, increased
compressive strength up to 15%
LBPA replacement.

Compressive:
28.33, 23.0, 22.33, and 13.43

Reduction in compressive strength
but increased with curing age.

Compressive:

22.19, 20.92, 13.70, 12.44,
12.13 and 12.03

Decreased compressive strength;
strength increased with curing age
and decreased water absorption.

Compressive:

22.11, 23.62, 19.88, 16.18 and
15.18

Reduced compressive strength.

Compressive:40, 42, 39.8 and
38.2

Tensile: 3.8,4.5,4.2 and 3.1

Increased compressive, tensile and
flexural strengths.

Compressive:

48.18, 46.0, 40.09, 41.92 and
43.18

Flexural:
6.80, 6.43, 6.21, 6.03 and 6.99

Increased strength with curing
age.

4.1. Fresh Properties of Concrete and Containing
LBPA as Cement Replacement

4.1.1. Workability

Incorporation of LBPA affects the workability of
concrete and mortar. Olu et al. [42] examined the
consistency of Portland cement blended with LBPA and
eggshell ash (ESA) and found a variation in consistency at
varied LBPA/ LBPA-ESA proportions as cement
substitutions were increased from 0-10% by mass. The gain
in consistency according to the authors is attributed to the
depletion of C3S in cement, the unburnt carbon in the ashes
and perviousness of LBPA. Ja’e et al [46] reported that
consistency increased with an increase in LBPA content.
OPC was replaced with 5%, 10%, 15% and 20% of LBPA
by mass by the authors. Akpenpuun et al. [47] reported
reduced workability of mortar as LBPA was increased. The
workability was evaluated at 0, 10%, 15%, 20% and 30%
cement replacement by mass. The authors concluded that
the decrease in slump on addition of LBPA could be
ascribed to the permeable nature of the LBPA owing to the
occurrence of macro and meso-pores within and on the
surface of the material. Similarly, Ali et al. [35] reported a
decrease in slump values with increase in LBPA in grades
20, 25 and 30 concrete and opined that the reduction in

slump was due to the absorption of some quantity of water
by the LBPA particles. In the same vein, Afolayan et al. [33]
stated that compacting factor decreased as the LBPA
content increased to a minimum value of 0.86 at 30%
LBPA content and thereafter increased. The compacting
factors range between 0.87 and 0.92 for all the mixes. OPC
was replaced up to 50% using 1:2:4 concrete and 0.55 w/b
ratio. Furthermore, Auta et al. [43] stated that both slump
and compacting factor tests revealed that more water was
required to make the concrete workable as the LBPA
content was increased. The authors examined flexural
strength of reinforced and revibrated concrete beams by
replacing OPC with 0, 5, 10, 15, and 20 % LBPA.

4.1.2. Initial and Final Setting Times

The setting times increased with the increase in LBPA,
indicating delay in both initial and final setting times [46].
Similarly, Olu et al. [42] examined the setting times of
mortar blended with LBPA and ESA and reported a series
of accelerations and retardations as the cement replacement
levels increased. The presence of unburnt carbon in the
ashes, the formation of Mg(OH). coupled with diminution
of the clinker content were the reasons for the extension in
the setting time of the cement blends. The retardation in
their setting times was related to the attenuation of clinker
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content or development of magnesium hydroxide and the
existence of carbon in the ashes. Akpenpuun et al. [29]
noted an upsurge in both setting times of mortar as the
replacement level of cement with LPBA increased. At 30%,
the LBPA mortar portrayed a rise in the initial setting time
by 66.8%, whereas at the equal replacement level extended
the final setting time comparative to control by 39.7%. The
fineness of LBPA was reported to have significant
influence on both setting times.

4.2. Mechanical Properties of Mortar and Concrete
Containing LBPA

4.2.1. Compressive Strength

The presence of LBPA significantly affects the
compressive strength of concrete and mortar. Auta and
Kabiru [26] probed re-vibrated LBPA concrete’s
compressive strength using a concrete mix ratio of 1:2:4
and a water-binder ratio of 0.6 at 5% to 30% replacement.
The strength increased gradually with curing age and a
maximum compressive strength of 28.44 N/mm? at an hour
re-vibration was attained at 28 days for 5% of LBPA
against the 22.27 N/mm? for the control. The authors
recommended 5% as optimum replacement level. Similarly,
Ali et al. [35] evaluated the compressive strength of
concrete utilizing locust bean waste ash (LBWA\) in three
different concrete grades: 20, 25, and 30 at 0%, 5%, 10%,
and 15% cement substitutions. The results showed a
substantial reduction in the concrete’s compressive
strength upon incorporation of LBWA but with gradual
strength gain with longer curing periods. In a quaternary
blend, Ochola et al. [30] investigated the compressive
strength of concrete using sugarcane bagasse ash (SCBA),
LBWA and alkaline activated Metakaolin (MK) in two
grades of concrete; 20 and 25 at 0, 5, 10 and 15%
substitution. The results revealed significant reduction in
compressive strength of concrete utilizing pozzolans; up to
15% cement can be replaced by LBWA. Contrariwise,
Yalley [17] evaluated the effects of high amount of LBPA
on compressive strength of concrete at 40%, 50%, and 60%
replacement by volume at 0.50 + 0.020 w/b ratio. A
reference concrete was proportioned to a compressive
strength of 40 MPa after 28 days. The compressive strength
increased with curing period with LBPA concrete gaining
higher early compressive strength than the control. The
author opined that the early effect of LBPA may be due to
its influence on accelerating the pozzolanic transformation
of C3S, C,S and CH into the C-S-H gel which were
responsible for the strength improvements of the concretes.
For the 40% replacement, the strength attributes were better
improved. On examination of the compressive strength of
OPC mortar blended with LBPA and ESA, Olubajo et al.
[38] found that all blends had an increase in compressive
strengths as the curing day advanced with some having
improved strength in comparison to the control. The
increased strength was attributed to pozzolanic action and
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the high potassium concentration from LBPA whereas the
late strength gains are attributed to the increased potassium
content by an increase in LBPA content resulting in a
gradual strength gain. While examining the influence of
LBPA on mechanical and structural features of mortars at
substitution levels of 0%, 10%, 15%, 20% and 30% by
mass and water/cement ratio of 0.55 and 1% SP,
Akpenpuun et al. [47] found an increase in strength of
LBPA mortar up to 15% and thence a decline. Maximum
compressive strength ranged from 38.3 and 65 MPa after 7
to 28 days of curing.

Ikumapayi [18] assessed the proficiency of LBPA
concrete. A mix ratio of 1: 2: 4 with cement replacement
intervals from 1% to 25% and cured for up to 56 days. The
maximum compressive strength was obtained at 8% LBPA.
The study concluded that up to 12% OPC could be
substituted by LBPA. Furthermore, Afolayan et al. [33]
used LBPA to replace OPC at 0%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45% and 50% by weight using 1:2:4
concrete at w/b ratio of 0.55. The target strength of 20
N/mm? was achieved at replacement levels of 0% (25.00
N/mm?) and 5% (22.33 N/mm?). The results also showed a
significant reduction in compressive strength at 10 — 15%.
According to the authors, up to 5% of cement LBPA should
be replaced in concrete without impairing its compressive
strength.

4.2.2. Tensile and Flexural Strengths

Yalley [17] appraised the splitting tensile strength of
LBPA concrete with 20, 40, and 60% cement replacement
level using cylindrical specimens of diameter of 150 mm
and height of 450 mm. The tensile strengths of 20 and 40%
LBPA concrete were higher than that of the control. The
strength gain was attributed to the large surface area of
LBPA which promoted the pozzolanic reaction to form C-
S-H gel. The tensile strength consistently increased with
increase in curing age for all concrete mixtures with 40%
LBPA concrete exhibiting the highest tensile strength at 28
days. In the same vein, Auta et al. [43] stated that the
flexural strength of LBPA revibrated concrete beams was
higher than that of the non-vibrated and the strength
increased at initial stage of revibration at 10" and 20%
minutes with a later gradual decrease from the 30" min to
60" minutes. Revibration has a positive effect on 5% LBPA
concrete. The authors attributed the increase in strength to
Ca(OH), and densification due to vibration. Similarly,
Olubajo et al. [38] examined the flexural strength of OPC-
LBPA-ESA mortar using replacement levels of 0-10%. All
mortars experienced a rise in the flexural strengths as the
curing period advanced. It was also observed that some
blends had boosted strength in comparison to the control.

From the foregoing, the compressive, tensile and
flexural strength of concrete and mortar are said to be most
effectively influenced by replacement level, according to
all research. They all concurred that adding more LBPA
would have a negative impact on the compressive strength
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and other characteristics of concrete or mortar. All prior
findings on compressive strength show the same pattern.
The compressive strength decreases as the LBPA content
increases. Additionally, the types and ratios of the
components, the quality and grade of the cement, the wi/c
ratio, and particle size are other elements that have a
considerable impact on the qualities of the cement
composites. Moreover, there is no specific mix design or
optimal LBPA replacement level. Each author instinctively
decides on their production parameters. There is need for
standardized design and optimum substitution level.
However, 5 to 15% optimum has been proposed by most
researchers. Additionally, more studies are required on the
other mechanical properties in order to appreciate LBPA’s
applicability. Moreover, since the LBP is sourced from
different locations and calcined at different temperatures,
the chemical compositions of LBPA vary. The application
of LBPA in concrete and mortar is still limited, hence the
dearth of literature on LBPA.

4.3. Durability Properties of Mortar and Concrete
Containing LBPA

The durability properties are paramount since they have
a substantial impact on the performance of the concrete.
The durability depends mostly on the constituent materials
and is governed by the permeability and exposure
conditions [2]. Yalley [17] examined the durability
properties of LBPA concrete in terms of water absorptivity,
sulphate resistance and corrosion resistance. A control
concrete was designed to attain 28-day compressive
strength of 40 MPa. LBPA was utilized at 40, 50, and 60%
in producing concretes at a w/b ratio of 0.50 £0.02. LBPA
concretes were either comparable or superior to the control
in terms of durability with 40% being the best. The
corrosion resistance of 40 and 50% LBPA concrete was
better than the control concrete. LBPA concrete composite
portrayed substantial reduction in the absorptivity from
10.4% for 0% LBPA content to 7.2%, 8.5%, and 8.8% for
40%, 50% and 60% LBPA respectively. The strength
decreased by 43%, 28%, 32% and 38% for 0, 40, 50 and
60% respectively after immersion in 10% sodium sulphate
solution for 30 days at 25<C. Similarly, Ikumapayi et al.
[48] examined the drying shrinkage of LBPA concrete with
the results showing that the concrete made with LBPA at
12% replacement depicted a more steady and superior
shrinkage resistance than the control at 56 and 90 days.
Again, lkumapayi and Akingbomire [49] reported that
LBPA improved the autogenous shrinkage resistance of the
mortar. They evaluated the effects of LBPA on autogenous
shrinkage strain using cylindrical mortar specimens of 75
mm x 300 mm dimension and the volume changes were
measured for the concretes. The results revealed that the
LBPA improved the autogenous shrinkage of the mortar
with 12% being the optimal.
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The use of pozzolanic materials reduces the permeability
of concrete due to conversion of calcium hydroxide
Ca(OH), otherwise soluble and leachable into cementitious
compounds [50]. Ikumapayi et al. [36] investigated the
permeability of chloride ion in LBPA concrete. Using the
Rapid Migration Test (RMT) set up for concrete specimen
50 mm thick and 100 mm in diameter with an applied
voltage of 10V, 750 ml of 10%NaCl solution and 300 ml
of 0.1NaOH were used. LBPA concrete had a better
penetration resistance to chloride ion than the control. The
increased chloride penetration resistance was due to
reduced average pore size of the concrete and the improved
interfacial zone. It is markworthy that durability properties
such as water absorption, sorptivity, resistance to acid
attack, chloride penetration and drying shrinkage influence
the long-term performance of the cementitious system [51].
However, the durability of LBPA concrete and mortar
remains untapped, hence the dearth of literature on these
properties. Thus, the need for in-depth studies on its
durability properties.

5. Conclusions

Based on the reviews of available literature on the
application of LBPA in concrete and mortar, available data
reveals that LBPA has pozzolanic properties and can be
used as an SCM. Incorporating LBPA in concrete and
mortar is an appropriate and environmentally friendly
method of waste disposal. The chemical composition of
LBPA is dependent on the source and calcination
temperatures. The calcination at 600°C for 2 hours is
adjudged to be the most suitable parameter. Workability
and setting times of concrete and mortar tend to decrease
with increased LBPA content. In most studies, the strength
(compressive, tensile and flexural) of LBPA concrete and
mortar decreased with an increase in LBPA content. These
attributes are significantly impacted by the LBPA content.
However, there is no standard design mix or optimal
replacement level for LBPA; each author instinctively
selects their design parameters and replacement levels. It
has been advised to use LBPA up to a particular percentage
(5-15%) for load-bearing constructions. Concrete
containing LBPA was observed to improve the durability
of concrete in terms of resistance to sulfate attack, chloride
ion penetration and sorptivity. It is noteworthy that
majority of the studies did not consider curing period
beyond 28 days, hence the lack of information on the long-
term strength of LBPA concrete. Additionally, most studies
considered the mechanical properties without recourse to
durability, hence little information is available on the
durability properties of LBPA concrete and mortar. The
study has contributed to knowledge by providing empirical
data and suggested future research directions for the use of
LBP in concrete production.
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6. Recommendation for Further

d)

€)

f)

Studies

More in-depth studies on mechanical properties of
LBPA concrete and mortar as well as long-term
strength beyond 28 days need to be evaluated.

The durability properties of LBPA concrete such as
fire and thermal resistance, acid and chemical attacks
need to be explored.

The effect of adding other pozzolans with LBPA in
concrete and mortar need to be studied.

There is need for studying and analyzing the effects
of LBPA in geopolymer, high-strength, high
performance and self-compacting concrete.

Despite all the studies, there is no statistical model for
prediction of LBPA concrete behaviour hence, the
need for such.

The environmental impacts and the economic aspects
of using LBPA required to be studied.
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