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Abstract: The need for locally produced, durable and robust, readily available, inexpensive and environmentally friendly building
materials has led to persistent bottlenecks in sustainable housing delivery. "The construction industry is exploring exciting new
materials that are eco-friendly and perfect for construction projects.” The major problem associated with compressed earth bricks is the
high rate of water absorption and lack of durability properties because most soil in its natural condition needs more strength,
dimensional stability, and durability, which are required for building materials. The effect of high rate of water absorption and other
strength and durability issues make bricks to be soluble in water and limits its use and performance of the bricks. This experimental
study assesses the effect of locust bean (Parkia biglobosa) pod ash and Portland cement on compressed earth bricks' strength and
durability properties. Compressed earth bricks were tested for density, compressive strength, permeability, water absorption, shrinkage,
sorptivity and abrasion resistance. The maximum compressive strength was achieved at 10%C:10%LBPA stabilization with a strength of
2.52 N/mm? and 2.80 N/mm?at 28 and 56 days, which shows a 50% and 53.21% increase in strength over the control brick samples,
respectively. Bricks produced with cement and locust bean pod ash were less permeable and had high resistance to abrasion, less
shrinkage, less porous and less sorptivity than 0% stabilization. In conclusion, cement and locust bean pod ash are good stabilizing
agents in compressed earth bricks. The use of Portland cement and locust bean pod ash as a stabilizing material seems to be a feasible
solution not only to the problem associated with compressed earth bricks but also helps in the adoption of Indigenous waste material of
locust bean pod in the production of bricks which will help reduce the environmental problem. Therefore, this research recommends
using cement and locust bean pod ash at 10%C:10%LBPA in compressed earth bricks, leading to robust, stabilized and durable bricks.

Keywords: Abrasion Resistance, Compressed Earth Bricks, Compressive Strength, Locust Bean Pod Ash, Permeability, Water
Absorption, Shrinkage.

1. INTRODUCTION

The demand for locally manufactured, long-lasting, easily accessible, affordable, and eco-friendly building materials in
developing nations like Nigeria is crucial. This demand is driven by the need to fulfil the current generation's housing
requirements while maintaining and ensuring that future generations can fulfil their own need [1]. Laterite, a significant
material for brick production, has been used to construct shelters from time immemorial. Silveira [2] maintained that brick
construction presents many cultural, social and architectural benefits. The benefits of soil as building material include its
availability in large quantities [3]; economically beneficial [4]; environmentally sustainable [5] [6]; easy to design with and
high aesthetical value [7] [8]; improves indoor air humidity and temperature [4] [9]; saves energy [10] [11] [12] [13];
provide better noise control [14] [15] [16] [17]; unlimited reusability of the non-stabilized soil [18] [19] [20] [21]; Its
disadvantages include: extensive water absorption [22] [23] [24] [21]; poor resistance to abrasion and impact [25] [26] [27]
[21]; low tensile Strength [28] [29] [30] [31]; high maintenance [32] [33] [34] [17]; and suitable only for in-situ
construction [35] [36] [37] [38]. However, they are in a poor state of conservation, partly due to the lack of knowledge of
the mechanical properties of earth bricks masonry.
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One of the drawbacks of using earth material in construction is the lack of durability properties, which is related to its
compressive strength. In its natural condition, most soil lacks the strength, dimensional stability, and durability required as
a building material. The durability of a material is primarily influenced by its compressive strength. As stated by Minke
[39], durability is impacted by various factors such as the composition of clay, the distribution of silt, sand, and larger
aggregates, as well as any additives used and the technique employed for preparation and compaction.

Earth bricks are prone to attack by termites; they do not withstand weather effects. Often, rainstorms cause much
damage to the brick walls, thereby requiring seasonal maintenance, which consumes time and labour. It needs to be
stronger and has problems not desired for use as walling material. Natural disasters such as floods during the rainy season
also affect earth brick buildings in rural and even in some semi-urban buildings, particularly in the middle of the rainy
season; also, when excess water is released, the bricks become swollen [40] [41]. Earth brick walls have the problem of
cracking due to drying shrinkage, high water absorption rate, which leads to many houses collapsing during the dry season,
Rodents boring holes easily in the walls, and low compressive, tensile and shear strength. Earth bricks' poor durability and
strength reduce their capacity to be an effective, sustainable building material. There is a dire need to investigate methods
to enhance the properties and performance of earth bricks using environmentally friendly, cost-effective, and sustainable
materials and processes.

The conventional method of using earth does not make wall construction durable enough to withstand any effects.
Continuous application of this traditional method has resulted in the washing down of the wall surface by rain and
eventually caused a total collapse of the building. Constant maintenance of the wall surface being washed down by rain is
also a result of this old method. Worried by this ugly consequence, a new technique could be developed using the
compressed earth method to improve the strength of earth bricks for more durable wall construction. The success of brick
construction will mainly result from the characteristics of the existing raw materials availability. Constructions with
earthen material will improve the quality of life of those who use these constructions and increase associated safety levels,
mainly if effectively designed. It presents, however, essential difficulties, mainly due to the need for existing knowledge
concerning properties and characteristics of the mechanical behavior of earth masonry. Technical studies of the properties
and characteristics of earthen masonry are necessary and will constitute an essential instrument in support of property and
strength of bricks and also in support of the design of new earth bricks constructions [42] [43] [44]. Emphasis is given to
the maximum use of sustainable available earth brick materials, with significant relevance given to the design and strength
of compressed earth bricks. It is essential to prioritize the development of sustainable and environmentally friendly
materials without compromising the quality and standards of modern construction, as noted by Agboola et al. [1] and
Obonyo et al. [45]. Therefore, a concerted effort is needed to improve the weaknesses of earth bricks associated with their
strength, stability, waterproofing quality and resistance to erosion by rain. However, indigenous materials must be
developed to improve specific properties of the compressed earth bricks. Significant concentration has been given to
stabilization in cement/lime stabilized bricks /blocks, sundried soil blocks, burnt clay bricks, mud and straw, and lime.
Based on the preceding, this research investigates new environmentally friendly and renewable chemical stabilizer sources
and ensures their potency for brick production. A study conducted by Azeko et al. [46] discovered that laterite bricks, when
stabilized with 20% polyethene by volume, exhibited the most favourable combination of compressive strength and
fracture toughness. Compared to the traditional bricks (0.5 — 1 N/mm?), Binici et al. [47] concluded that stabilization with
plasticzfibres, straws and polystyrene fabrics improved the compressive strengths of fibre-reinforced mud bricks (3.7 — 7.1
N/mm?).

Further, Binici [47] explained that these fibre-reinforced bricks had lower dead weight, leading to lower material
handling costs; however, this study needs to include more findings on the durability properties of earth bricks. Sutcu &
Akkurt [48] reported that porous earthenware bricks stabilized with paper processing residues (30%) had a 50% reduction
in thermal conductivity and higher compressive strengths. In their study incorporating cotton and limestone powder in a
brick material, Algin & Turgut [49] obtained improved flexural strength (2.19 MPa), compressive strength (7 MPa), water
absorption, and energy absorption. Rahman [50] found that rice husk-stabilized bricks had improved compressive strength,
water absorption, and linear shrinkage. Agboola et al. [51] and Agboola et al. [52] found that rice husk ash as agricultural
waste is an excellent pozzolanic material that aids in improving the durability of concrete properties. However, other
agricultural byproducts can be assessed to see if they improve the performance of other construction materials, such as
earth bricks.

Few studies have explored the use of locust bean pod ash in stabilizing compressed earth bricks, and it has also been
used as a composite material of cement and LBPA, applying sustainable and cost-effective application methods. Locust
bean pod ash and ordinary Portland cement were not assessed as stabilizers in compressed earth bricks. Moreover, Locus
bean pod, which is a Waste Agricultural Biomes (WAB) and obtained from the fruit of the African locus bean tree (Parkia
biglobosa), is a material resource that can extensively be used in adequate proportion as a soil stabilizer for the production
of soil blocks to build houses. The African locust bean tree, scientifically known as "Parkia biglobosa", is a fascinating
perennial tree legume belonging to the subfamily Mimosoideae and the family Leguminosae. It is a remarkable member of
the plant kingdom. [6] [41] [53]. Parkia biglobosa is a versatile and vital tree native to the savannah zone of West Africa.
This plant plays a crucial role in improving soil fertility and can reach a height of approximately 15 meters, featuring dark,
evergreen, pinnate leaves. Its fruit is a brown, leathery pod measuring 10 to 30 cm long, containing a sweet-tasting gummy
pulp surrounding several seeds.
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The locust bean tree is commonly found in savanna regions and is easily identified by its bright red, drooping flowers.
Its pods are edible and commonly used as livestock feed. The locust bean seeds are widely used as a food seasoning
throughout Nigeria, known as Dawadawa in the north and iru in the Yoruba culture. Additionally, the fruit is sweet and can
be consumed directly, and the pods are utilized in industrial gum production. Research conducted by Akabi et al. [54]
revealed that Parkia biglobosa seeds are abundant in lipids, soluble sugars, carbohydrates, protein, and ascorbic acid.

According to a study by Aliero [55], these seeds contain 54% fat, 30% protein, and essential vitamins and minerals like
phosphorus, potassium, and calcium. Please remember the critical findings from Okunlola et al. [56] research, which
emphasize the significant role of trees in providing wind protection and shade. Tee et al. [57] conducted research showing
that locust bean and ironwood tree products are essential for supporting the nutritional well-being of individuals in North-
Central Nigeria. The seeds are commonly used as a seasoning and nutritious additive in soups and stews, providing
essential amino acids [58]. An analysis of the fruit pulp revealed a moisture content of 8.41%, protein at 6.56%, fat at
1.80%, crude fibre at 11.75%, ash at 4.18%, and carbohydrates at 67.30% [59].

Although many look down on soil blocks today, they are one of the oldest building materials. It has been used for
centuries in all parts of the world before the advent of modern building materials like concrete, but its usage can now be
promoted by adding stabilizers to improve its performance [60] [61] [62]. Locust bean pod ash may serve as a cost-
effective alternative if proven to be mechanically suitable, given the abundance of the raw material. This is especially
relevant as the locust bean tree is extensively cultivated across various regions in the African country [63] [64]. Local
builders in the country will use this material if found suitable to improve the strength and durability of bricks as a primary
building material. By improving brick production, developing countries can move towards the evolution of genuinely
indigenous technology and appropriate construction materials that will be available and affordable to all to achieve their
housing needs. This research work, therefore, assesses the strength properties of compressed earth bricks using locust bean
pod ash and cement as additives.

2. MATERIALS AND METHOD

2.1 Materials

The materials used in this experiment are laterite, cement, Locust Bean Pod ash, and water. The soil type used in these
experiments was laterite obtained from Shendam local government Plateau State. The laterite sample was sieved through
the 4.76 mm standard sieve size, and the particles retained were weighed. The Locust Bean Pod (LBP) was obtained from
Plateau State, Shendam Local Government Area of Plateau State, Nigeria. The harvested fruits were ripped open. The
yellowish pulp and seeds were removed from the pods, and the empty pod material was used. The Locust Bean Pod was
sun-dried for forty-eight hours to remove moisture. It was then ground into powder and then burnt to ashes at 600°C. The
ashes were collected and sieved through a B.S. sieve (75 microns). Potable water was used to mix the materials and is
acceptable for construction.

2.2 Method

Bricks of 150 x 300 x 80 mm were produced to study the physical and mechanical properties of the samples. All brick
samples were cured for the period of (7, 14, 28, and 56 days). Seven mixes were prepared, which include the control (0%),
then cement and locust bean pod ash at different ratios of 5%C, 5%LBPA, 2.5%C:2.5%LBPA, 5%C:5%LBPA,
7.5%C:7.5LBPA, and 10%C:10%LBPA, this is to enable proper utilization and optimization of sustainable alternative
material in construction. Binder and water were measured in percentages by the weight of the laterite used. The bricks
were air-dried. Extensive tests were conducted on the mechanical properties of brick samples, such as compressive strength
test, permeability, water absorption, sorptivity, and shrinkage test. It is essential to ascertain the strength of the various soil
types to determine how the material will perform in different conditions and to determine the effect of the locust bean pod
and cement on the brick sample. The durability of a material depends on the pore structure and the strength of the
stabilized bond. Hence, capillary absorption (sorptivity) and other properties establish the durability index. Water
absorption determines the absorption rate and how the soil is stabilized at different stabilization rates. Permeability
determines the rate at which water can flow through soil. The shrinkage Test determines the extent to which locust bean
pod ash and cement stabilized compressed earth bricks. Table 1 depicts the standard test methods followed for carrying out
various tests.

Table 1: Test method for experimental program

Test Description Specification

Field Setting Test BS 1377:4 [65]
Specific Gravity of Soil ASTM D 854-02 [66]
Specific Gravity of LBPA and Cement I.S.: 2720-Part 3. [67]
Density BS 1924:Test 2 [68]
Compressive Strength BS 6073 part 1 [69]
Permeability BS 1377: [70]
Sorptivity BS 1377 [70]

Water Absorption BS 1377 [70]
Shrinkage BS 1377 [70]
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3. RESULTS AND DISCUSSION
3.1 Field Settling Test for Soil Sample
Table 2 shows the result of the field-settling test for the laterite used in the work. The silt test of the laterite sample
indicates reasonable clay and silt content of 92.55% and 7.45%, respectively. This conformed to the BS 1377 [70] standard,
which states that soil silt's maximum limit should not exceed 8%. However, the silt content is acceptable, showing that the
laterite can produce compressed earth bricks.

Table 2: Field settling test result
Sample % Clay % Silt

A 93.22 6.78
B 92.11 7.89
C 92.31 7.69
Average 92.55 7.45

3.2 Cigar Test for Soil Sample

Table 3 shows the result of the cigar test carried out on the soil sample. The broken length was between 10.3 and 12.1,
and the average length of the broken pieces was computed and found to be 11.25cm, which signifies that the soil is suitable
for use since the average length falls between 5¢cm and 15cm. The value in this study is in the range specified by [71] that
at 15cm average, the soil contains too much clay and at 5cm average, the soil contains too much sand.

Table 3: Cigar test result

Sample Length

A 11.2
B 11.8
C 10.7
D 12.1
E 10.3
F 114
Average 11.25

3.3 Specific Gravity of Materials

The soil's specific gravity was found to be 2.66, which exceeds the range specified by [72], [73], [74], of 2.35 — 2.63
but falls within the range specified by BS 1377 [70] as 2.65 to 2.80. The specific gravity of locust bean pod ash is 2.18,
while the specific gravity of cement is 3.15.

Table 4: Specific gravity of materials

Materials Specific Gravity
Soil 2.66
Locust Bean Pod Ash 2.18
Cement 3.15

3.4 Density of Compressed Earth Bricks

Figure 1 presents the average density of compressed earth bricks stabilized with locust bean pod ash and cement at
varying percentages of 5% to 20%; brick samples were cured and weighed at 7, 14, 28 and 56 days. The density of brick
samples varies from 2420 kg/m® to 2640 kg/m®, and it decreases with increased curing periods. Brick samples with a
density lesser than 1966kg/m® are known as light-density brick samples [75]. Values obtained exceeded the 1966 kg/m?
expected for a standard brick weight except for the control brick sample at 28 days. The result from this study is consistent
with the findings of [76] and the studies conducted by [77]. This indicates that compressed earth brick stabilized with
locust bean pod ash and cement favors the average weight for the brick sample produced.

3.5 Compressive Strength of Compressed Earth Bricks

Figure 2 presents the average strength of compressed earth bricks stabilized with locust bean pod ash and cement added
at 0%, 5%C, 5%LBPA, 2.5%C:2.5%LBPA, 5%C:5%LBPA, 7.5%C:7.5LBPA, and 10%C:10%LBPA respectively, which
recorded average compressive strength values of 0.68N/mm?” and 1.24N/mm? for all percentage addition of locust bean pod
ash, at 7-days curing age. This shows an increase in strength of 45.16% at 10%C:10%LBPA compared to the control
specimen. The increase in compressive strength of the compressed earth brick specimens was a result of the uniform
distribution of the stabilizers, which produced a strong bond between the soil and the stabilizers themselves, making a
stronger material which has strength, whereas the decrease in compressive strength was a result of weak strength portrayed
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Figure 1: Density of compressed earth bricks against curing days

by soil material due to stabilizer not present in the soil. The increase in strength could also have been due to creating an
isotropic matrix between the clay structure and the stabilizing agent network; such a matrix would oppose the movement of
particles and create stability mainly because stabilizers appear to distribute strong bonds throughout the bulk of the
material. Also, at 28 days of curing, the strength recorded was within 1.26N/mm? and 2.52N/mm?. At 56 days compressed
earth bricks strength recorded was within 1.31 N/mm? and 2.80 N/mm? for all percentage addition of locust bean pod ash.
However, 5%C:5%LBPA, 7.5%C:7.5LBPA, 10%C:10%LBPA within the range of 1.8 to 2.5N/mm? as prescribed by (BS
1924, 1990), also 2.5%C:2.5%LBPA, complied with the minimal standards of 1.65N/mm? compressive strength for bricks
[78]. All CEBs successfully met the [79] standards, making them usable for building construction.

The strength of the compressed earth bricks was above the recommended strength of 2.5 N/mm? for concrete blocks
[80]; this means the mixing processes were fairly adequate and well observed and monitored; also, the compaction and
stabilization were adequate, and its presence has maximized strength development [81]. These results indicate that
stabilizers stabilize the interlocking forces between the stabilizing agent and the soil surface as adhesion properties so that
the soil will not easily collapse. The external surface of the bricks, due to the presence of locust bean pod ash, offers an
extra anchoring agent by which the bricks can accept stresses from the external forces and become a more effective
stabilizing agent. The external surface of the bricks, due to the presence of locust bean pod ash, offers an extra anchoring
agent by which the bricks can accept stresses from the external forces and become a more effective stabilizing agent. The
results affirmed that cement and locust bean pod ash stabilized earth bricks have improved mechanical properties and can
be adopted for important construction work, especially from a 5% stabilizer.

2.5 ——%
2 —8—5%C
1.5 5%LBPA
1 f —>—2.5%C:2.5%LBPA
—5%— 5%C:5%LBPA

0.5

(N/MM2)

7.5%C:7.5%LBPA

COMPRESSIVE STRENGTH OF
COMPRESSED EARTH BRICKS IN

7 DAYS 14 DAYS 28 DAYS 56 DAYS e 10%C:10%LBPA
CURING PERIODS

Figure 2: Compressive strength of compressed earth bricks against curing days

3.6 Permeability of Compressed Earth Bricks

The permeability of a brick indicates how porous the block is or how much it can absorb water. Since water absorption
usually leads to block deterioration, the permeability of bricks is a measure of durability characteristics. The higher the
permeability of brick specimens, the lower their resistance to deterioration, affecting durability properties.
Figure 3 shows the permeability at the 28 days of curing for 30min, 60min and 90min. At 30 minutes absorption, for 0%,
5%C, 5%LBPA, 2.5%C:2.5%LBPA, 5%C:5%LBPA, 7.5%C:7.5LBPA, 10%C:10%LBPA of stabilizers respectively, the
highest absorption rate was observed at 0% control, while 5%C, 7.5%C:75.%LBPA and 10%C:10:LBPA show 10%
absorption rate, then 5%LBPA, 2.5%C:2.5%LBPA, and 5%C:5%LBPA shows 8% absorption rate.

At 60 min, the absorption rate was maximum at 0% with a 15% absorption rate, 5%C, 7.5%C:7.5%LBPA, and
10%C:10%LBPA shows a 12% absorption rate, while 5%LBPA, 2.5%C:2.5%LBPA, and 5%C:5%LBPA shows 10%
absorption rate. 0% control and 5%LBPA have the highest absorption rate, while 5%LBPA, 2.5%C:2.5%LBPA, and
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5%C:5%LBPA bricks stabilization have the minimum absorption rate, as indicated in the result. The lower absorption rate
of the bricks might be due to the presence of optimum LBPA in the mix, which reduces the absorptive capacity of the brick.
However, permeability at 28 days of curing for 90min was maximum at 0%, with the highest absorption rate of 18%,
followed by 5%C:5%LBPA, 7.5%C:7.5LBPA, and 10%C:10%LBPA with an absorption rate of 16%, 5%C having an
absorption rate of 15%, while 5%LBPA and 2.5%C:2.5%LBPA having an absorption rate of 14%. 5%LBPA and
2.5%C:2.5%LBPA have a minimum absorption rate of 14%.

Figure 4 shows the permeability at 56 days of the curing period. For 30 minutes, the permeability was maximum at 0%,
5%C, and 10%C:10%LBPA with an absorption rate of 10%. 7.5%C:7.5LBPA has an absorption rate of 11%, 5%LBPA has
an absorption rate of 10%, 5%C:5%LBPA has an absorption rate of 9%, while 2.5%C:2.5%LBPA has an absorption rate of
8%. However, 2.5%C: 2.5%LBPA has the minimum absorption rate.

For 60 min, permeability was maximum at 0%, with an absorption rate of 16%, then followed by 5%C, 5%LBPA,
7.5%C:7.5%LBPA and 10%C:10%LBPA with an absorption rate of 14%, respectively, while 2.5%C:2.5%LBPA and
5%C:5%LBPA have the minimum absorption rate of 12%. At 90min, permeability was maximum at 0%, with an
absorption rate of 20%, followed by 5%C:5%LBPA, 7.5%C:7.5LBPA, and 10%C:10%LBPA with an absorption rate of
18%; 5%C and 5%LBPA have an absorption rate of 16%, while 2.5%C:2.5%LBPA have the minimum absorption rate of
15%. However, the absorption rate of compressed earth brick increased with the increase in the curing period and
decreased with the addition of cement and locust bean pod ash. The result from this study is consistent with the findings of
[82] [83] [84] [85].

20
L2
G m 0%
o @ 15 ’
o <
= W 5%C
z 34
=510 5%LBPA
w8
¢ 3 W 2.5%C:2.5%LBPA
s5g° m 5%C:5%LBPA
o
© 0 7.5%C:7.5%LBPA
30 min 60 min 90 min W 10%C:10%LBPA
Time Taken
Figure 3: Permeability test for compressed earth bricks at 28 days
25
L
G 2 m 0%
o & 20 o
L S W 5%C
> & 15
£ 5%LBPA
2 o
c u» 10
¢ 3 W 2.5%C:2.5%LBPA
S g5 I M 5%C:5%LBPA
o
“ 0 7.5%C:7.5%LBPA
30 min 60 min 90 min W 10%C:10%LBPA

Time Taken

Figure 4: Permeability test for compressed earth bricks at 56 days

3.7 Sorptivity of Compressed Earth Bricks

The result of 28days presented in Figure 5 shows the rate of water rise taken at intervals of 5min; each specimen was
weighed at intervals of 5min to determine the rate of water rise in the compressed earth bricks, to determine the specimen
with the highest water rise and the one with lower water rise. The result shows that at 1min, 0% and 5%LBPA have the
highest water absorption rate among the different stabilization levels with 16%, then 5%C with 15%, 2.5%C:2.5%LBPA
with 14%, 5%C:5%LBPA with 12%, 7.5%C:7.5%LBPA with 10%, while 10%C:10%LBPA has 8% sorptivity. At 5 min,
the result shows that 0% has the highest water absorption rate with 32%, followed by 5%L BPA stabilization at 30%, then
5%C at 28%, 2.5%C:2.5%LBPA at 26%, 5%C:5%LBPA with 24%, 7.5%C:7.5%LBPA with 22% and 10%C:10%LBPA
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with 18% sorptivity level. Also, at 10min, 0% stabilization has high absorption with 46%, 5%C and 5%LBPA with 45%,
2.5%C: 2.5%LBPA with 41% sorptivity level, 5%C: 5%LBPA with 40%, 7.5%C:7.5%LBPA has an absorption rate of
36%, 10%C:10%LBPA with 32%.

The result at 56 days, as presented in Figure 6, shows the rate of water rise taken at intervals of 5min. The result shows
at 1min, 0%, 5%C, and 5%LBPA stabilization has the highest water absorption rate with 14%, followed by
2.5%C:2.5%LBPA with 12%, 5%C:5%LBPA, 7.5%C:7.5%LBPA and 10%C:10%LBPA with 10% sorptivity level. At 5
min, the result shows that 0%, 5%C, and 5%LBPA bricks have the highest water absorption rate among the different
stabilization levels with 30%, 2.5%C:2.5%LBPA with 28%, 5%C:5%LBPA with 24%, 7.5%C:7.5%LBPA with 22%, and
10%C:10%LBPA with 18%. Also, at 10min, 0% stabilization has high absorption with 46%, 5%C and 5%LBPA with 45%
sorptivity level, 2.5%C: 2.5%LBPA with 36%, 5%C:5%LBPA with 35%, and 10%C:10%LBPA with 34%,
10%C:10%LBPA with 29% sorptivity level. Higher absorption in control compressed earth bricks results from no
stabilization, while low absorption results from stabilization in the bricks produced, and low absorption of the locust bean
pod ash is used in the stabilization. The result from this study can be related to that carried out by [86] on compressed earth
bricks, which shows that stabilizers influence the sorption of earth bricks. However, the findings of this study show that
cement and locust bean pod ash addition reduce the sorption of compressed earth bricks.
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Figure 5: Sorptivity test for compressed earth bricks at 28 days
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Figure 6: Sorptivity test for compressed earth bricks at 56 days

3.8 Water Absorption

Figure 7 shows the result of the water absorption test of compressed earth bricks stabilized with cement and locust bean
pod ash at 28 days of curing age. It was observed that bricks with 0%, 5%C, 5%LBPA, 2.5%C:2.5%LBPA,
5%C:5%LBPA, 7.5%C:7.5%LBPA and 10%C:10%LBPA absorbed 9.12%, 8.43%, 8.43%, 7.93%, 7.80%, 7.62% and
7.50%. However, compressed earth bricks stabilized with 2.5%C:2.5%LBPA, 5%C:5%LBPA, 7.5%C:7.5%LBPA, and
10%C:10%LBPA at 28 days conformed to the requirement of ASTM C 62 [79] for water absorption which states that cold
water absorption of any single brick should not exceed 8%.

Figure 7 shows the result of the water absorption test of compressed earth bricks stabilized with cement and locust bean
pod ash at 56 days of curing age. It was observed that compressed earth bricks with 0%, 5%C, 5%LBPA,
2.5%C:2.5%LBPA, 5%C:5%LBPA, 7.5%C:7.5%LBPA and 10%C:10%LBPA absorbed 8.39%, 8.21%, 8.30%, 7.62%,
7.20%, 6.92% and 6.46%. However, compressed earth bricks stabilized with 2.5%C:2.5%LBPA, 5%C:5%LBPA,
7.5%C:7.5%LBPA, and 10%C:10%LBPA conformed to the requirement of ASTM C 62 [79] for water absorption which
states that cold water absorption of any single brick of a random sample of five brick does not exceed 8%. The stabilization
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with 2.5%C:2.5%LBPA, 5%C:5%LBPA, 7.5%C:7.5%LBPA, and 10%C:10%LBPA has low water absorption capability
due to the high content and well-distributed stabilizers, while as for the high absorption capacity of the control bricks, 5%C
and 5%LBPA could be as a result of low or zero reinforcing agents in the sample since the stabilizing agent was confirmed
to be responsible for reducing the rate of water absorption in brick samples. In addition, the low absorption of compressed
earth bricks was due to the homogeneity mix, texture of the cement and locust bean pod ash, mode of compaction and
curing style of brick. According to [87], there is a reduction in the absorption capacity of bricks as the percentage of
stabilizers increases. However, this is related to the finding in this study, which shows less water absorption in the brick
sample as the percentage of stabilizers increases. Also, it was observed that the silky nature of the surface area of locust
bean pod ash and cement reduces the water intake absorbed by the compressed earth brick sample.

m0%
W 5%C
5%LBPA
W 2.5%C:2.5%LBPA
W 5%C:5%LBPA
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Figure 7: Water absorption test of compressed earth bricks

3.9 Shrinkage Test of Compressed Earth Bricks

The results of the shrinkage tests are shown in Figure 8 and Figure 9. The diagram shows the shrinkage in terms of the
percentage of cement and locust bean pod ash added as stabilizers in compressed earth bricks. Figure 9 revealed that while
non-stabilized bricks were characterized by high shrinkage of 10.56%, other stabilized bricks with 5%C, 5%LBPA,
2.5%C:2.5%LBPA, 5%C:5%LBPA, 7.5%C:7.5%LBPA and 10%C:10%LBPA has shrinkage of 8.33%, 9.17%, 7.22%,
6.67%, 5.83% and 5.56% respectively. There is a progressive reduction in the percentage of shrinkage as the percentage of
stabilizer increases at 28 days.

Figure 9 shows that at 56 days, the shrinkage percentage progressively reduces as the percentage of stabilizer increases
from 0% control concrete to 5%C, 5%LBPA, 2.5%C:2.5%LBPA, 5%C:5%LBPA, 7.5%C:7.5%LBPA and 10%C:10LBPA,
with shrinkage values of 10.78%, 7.78%, 9.17%, 6.67%, 6.11%, 5.56% and 5.00%, respectively.

These results provide strong evidence that stabilizing compressed earth bricks with cement and locust bean pod ash
increases the stability of the brick as there is a reduction in shrinkage percentage. Stabilized compressed earth bricks are
less influenced by the clay shrinkage, particularly the 10%C:10%LBPA mix. Using the 10%cC:10%LBPA brick mix
reduces shrinkage by 52.65% at 28 days and 48.64% at 56 days curing period, making the 10%C:10%LBPA mix the
optimum brick mix. The results from this study can be related to those carried out by [88]. In their study, bricks were
reinforced with sugar cane fibre at 0.3% to 3%, and it was observed that 3%, the highest reinforcement level with sugar
cane fibre, has a lower shrinkage value.
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Figure 8: Shrinkage test for compressed earth bricks at 28 days
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Figure 9: Shrinkage test for compressed earth bricks at 56 days

3.10 Abrasion Resistance

Figure 10 shows the abrasion resistance of compressed earth brick samples stabilized with cement and locust bean pod
ash for 28 days and 56 days. There was high loss of weight of 3.61% for 0% control as compared to other stabilization
addition of 5%C, 5%LBPA, 2.5%C:2.5%LBPA, 5%C:5%LBPA, and 10%C:10%LBPA having abrasion resistance of
3.24%, 3.43%, 3.30%, 2.95%, 2.77 and 2.63% respectively at 28days. Thus, 10%c:10%LBPA addition resists abrasion
impact more than other percentage stabilization. Also, at 56days, it was discovered that 0% control had 3.23% abrasive
resistance but higher than other additions at 5%C, 5%LBPA, 2.5%C:2.5%LBPA, 5%C:5%LBPA, and 10%C:10%LBPA
which has a loss of weight of 2.94%, 3.00%, 3.04%, 2.75%, 2.46% and 2.34% respectively. Compressed bricks stabilized
with cement and locust bean pod ash at 10%C:10%LBPA present better abrasion resistance than other additions, which
may be due to the hard surface of the compressed earth brick caused by cement and locust bean pod ash at the surface,
which makes it hard to brush the surface of the bricks. In addition, weight loss by other addition of stabilizing agents might
be due to less stabilizing agents and coarser particles at the surfaces, which tend to be brushed out easier than those with
finer particles at the surfaces. According to [89], abrasion resistance of soil bricks increases with increased stabilization in
the soil materials; this is, however, related to the findings of this study, which shows that there is more resistance to
abrasion of bricks when a higher percentage of cement and locust bean pod ash is present in the bricks sample.
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Figure 10: Abrasion resistance test of compressed earth bricks

4. CONCLUSION

The maximum compressive strength was achieved at 10%C:10%LBPA stabilization with a strength of 2.52 N/mm? at
the 28-day curing period, with a 50% increase over the control brick sample, this was the optimum level achieved as it
resulted in increased strength, enhanced durability and reduced the cost and improved the environmental benefit of
sustainability compressed earth bricks. Also, at 56 days of curing age, the compressed earth bricks attained a strength of
2.80 N/mm?, which shows an increase of 53.21% compared to the control sample. The tests confirmed that the cement and
locust bean pod ash improved its resistance to moisture penetration (permeability) and shrinkage, lowering the bricks'
absorption rate. There is a progressive reduction of the shrinkage percentage as the percentage of stabilization increases.
The compressed earth bricks stabilized with cement and locust bean pod ash at 7.5%C:7.5%LBPA, and 10%C:10%LBPA
have high resistance to abrasion impact. The locust bean pod ash and cement matrix can be stabilizing agents. The
10%C:10%LBPA stabilization level can produce durable compressed earth bricks for construction purposes in walling and
where light weight is needed. In the long term, the diffusion of locust bean pod ash and cement stabilized bricks would
contribute to the advancement of global housing sustainability goals, also improved stabilized compressed earth bricks will
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produce more durable and sustainable compressed brick structures. Compressed earth bricks produced with locust bean
pod ash and cement are recommended for use in interior walling units requiring little or no load. Further tests should be
conducted to determine the maximum content of locust bean pod ash and cement, beyond which the mechanical properties
of stabilized compressed earth bricks will decline. Further research on the chemical constituents of locust bean pod ash
should be conducted to determine the elements or compounds responsible for the water-repellent property and the strong
bond in locust bean pod ash. High percentage of locust bean pod ash should be combined with other pozzolans to observe
possible improvements of water repellent property of compressed earth bricks. Further studies should be done using locust
bean pod ash from different sources as well as using soil type from different geological origin and different percentage
ratio addition in compressed earth brick production for increased strength and durability.
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