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Abstract: This studies investigated a few engineering properties of the effect of bamboo leaf ash blended with brick clay.
The bamboo leaves used for this study have been gathered in the agricultural farm, Eastern University, Sri Lanka and the brick
clay was acquired from Verpavettuvan, on the depth of 1 to 1.5 m beneath the earth surface. The leaves have been cleaned,
sun-dried, burnt in an open environment and then bamboo leaf ash (BLA) has been obtained by heating in a muffle furnace at
600°C for 2 hours. Physical and chemical properties of BLA blended brick has been performed according to British and
Indonesian Standard Specifications BS and SNI respectively. The chemical test showed that the total combination of Silica
Oxide (SiO,), Aluminum oxide (Al,O;) and Ferrous oxide (Fe,O;) content in BLA became above 70% minimal fashionable
requirement targeted with the aid of ASTM (ASTM C 618, 2008) for pozzolanic substances. Sex type of BLA blended clay
bricks have been manufactured at 0%, 2%, 4%, 6%, 8% and 10%. A complete of 72 bricks comprising of 7 bricks for each
percentage of the clay bricks of size 185 mm x 85 mm x 65 mm. Those bricks have been cast with the addition of water-clay
ratio of 0.6 to 0.8 to structure a very good workability. Then the green bricks have been mould, dried for 2 days underneath
sunlight, baked and physical properties analysed. The analyses of average density, average water absorption, average
compressive strength and average flexural strength of the fired clay brick blended with 8 % bamboo leaf ash (BLA) are 1129
kg.m>, 21.5%, 70 kg.cm'2 and 0.56 kg.cm™ respectively. These physical properties have been compared with the ¢ control
brick purely manufactured from clay. From the results, clay-BLA bricks are perceptibly better than the control brick; those are
available in the Eastern region markets.

Keywords: Bamboo Leaf Ash, Clay Bricks, Compressive Strength, Flexural Strength, Water Absorption,
Silica Oxide (SiO,), Aluminum Oxide (Al,0s) and Ferrous Oxide (Fe,05)

1. Introduction

A clay brick is one of the prime building materials made of
clay and consumed in an oven [1-3]. Still, this clay brick is
made locally and has been accentuated everywhere
throughout the world in view of their simple accessibility and
minimal effort. Clay brick has been viewed as one of the
longest enduring and most grounded constructing material,
produced using locally accessible sources, utilized all
through history. Common building clay brick is made of a
blend of clay, which is subjected to a scope of procedures;
vary as indicated by the type of the material, the strategy for

make and the character of the finished item [1-3]. The final
result is framed in molds to the coveted shape, dried and
consume. Consumed clay brick is normally more grounded
than sun-dried clay brick [2], particularly on the off chance
that it is made of mud or clayey material. The primary
impediment is the natural effect engaged with the assembling
procedure of clay brick. To beat this disadvantage a test has
been made to raise the general productivity of clay brick by
including other reasonable materials alongside dirt in the
assembling procedure [4-8]. Considering ecological effect
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and the effectiveness, there is a need to locate some elective
in order to lessen the effect of the dirt clay brick fabricating
process on the earth [9] and in the meantime increment the
general execution of the clay brick. This exploration intends
to accomplish both the specified changes by utilizing
admixtures alongside dirt amid the assembling procedure.
Certain admixtures are added to build the bond between the
particles and in this manner increment the quality of the clay
brick. Such admixtures are either cementitious or pozzolanic
materials. Pozzolanic materials incorporate the conventional
lime. The current non-customary pozzolanic admixtures are
wood fiery remains, sawdust powder and fly cinder [10-19].
The second classification of admixtures comprise of a natural
issue, for example, rice husks, sawdust, coal, and so forth.,
which wear out when the clay brick experience terminating
[20-23]. They control the temperature to which the clay brick
is let go amid consuming, which is of incomparable
significance. The higher the terminating temperature, the
higher is the nature of the completed item.

The investigation was expected to make clay brick of clay
blended with Bamboo leaf ash (BLA) with different
proportions, through the crystallization procedure. The
delivered clay brick should meet the required estimations of
compressive quality, flexural quality and water retention
doled out by the Sri Lankan or British Standard
Specifications for stack bearing clay brick. The delivered
block was likewise intended to contend with business clay
brick, which was made in light of the current situation of the
examination, that accessible in the Sri Lankan advertise.

2. Experimental Methodology
2.1. Materials

(a). Brick Clay

The clay for this study has been acquired from
Verpavettuvan, on the depth of 1 to 1.5 m beneath the earth
surface, which is one of the most popular places for clay
brick (located in Batticaloa District, Eastern Province of Sri
Lanka) is shown in Figure 1. The oxide syntheses of the clay
were examined by X-Ray fluorescence (XRF), utilizing a
Philips PW 780 instrument, with an anticathode container of
rhodium of 4 KW, which affirm that the real oxide syntheses
of the clay are silica, alumina, and ferric oxide, are given in
Table 1. The higher silica rate in the clay builds the quality of
the clay brick [24].

Figure 1. Verpavettuvan brick clay acquired on the depth of 1 to 1.5 m below
the earth surface, which is located in Batticaloa District, Eastern Province
of Sri Lanka.

Table 1. The oxide syntheses of Verpavettuvan brick clay.

Oxide syntheses (%) SiO, Fe,0; ALO; CaO MgO SO; Na,O K;O TiO, P,0; LIO
Present study [25, 26] 63.10 9.23 10.63 5.03 0.02 0.01 1.03 0.02 - - 8.23
Badr El-Din et al. [19] 65.20 7.36 15.26 1.01 0.83 0.08 3.12 0.62 1.92 0.15 6.01

(b). BAMBOO LEAF ASH (BLA)

The bamboo leaves have been gathered in the Agricultural
ranch, Eastern University, Sri Lanka is appeared in Figure 2.
The leaves have been cleaned and dried in the daylight of
temperature around 40°C, consumed in an open climate. At
that point, the coal has been warmed in a suppress heater at
600°C for 2 hours to acquire the BLA. After that, the coal has
been permitted to cool and afterward sieved through a
strainer size of 200 um to acquire the ash. The ash has been
protected in fixed glass containers to avert dampness
ingestion and other pollution. Be that as it may, the primary

point of the examination has been to scatter the information
of significant worth expansion among the brick creation
group and presenting the green condition by using the regular
agro squander materials. The oxide syntheses of the BLA
have been researched by X-Ray fluorescence (XRF), utilizing
a Philips PW 780 instrument, with an anticathode container
of thodium of 4 KW and the outcomes classified in Table 2
that contrasted and the past examinations. These mixes are
known to have concrete properties that would be received by
the brick to upgrade the authoritative.

Figure 2. (a) Bamboo leaves have been gathered in the Agricultural farm, Eastern University, Sri Lanka. (b) Bamboo leaf ash (BLA) used to investigate the

oxide syntheses.
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Table 2. The oxide syntheses of Bamboo Leaf Ash (BLA).
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Oxide compositions (Wt%) Present study 27] (28] et. al. [29] [30]
SiO, 81.01 51.99 72.97 80.4 75.69
ALO; 2.14 10.10 2.85 1.22 3.64
Fe, 03 8.34 6.85 231 0.71 5.06
CaO 3.02 12.51 4.98 5.06 6.74
MgO 0.56 2.10 1.23 0.99 3.74
Na,O 1.05 1.69 0.00 0.08 -
KO 1.32 3.39 6.07 1.33 0.35
TiO, 0.52 0.20 0.41 - 2.05
SO; 1.01 2.74 0.55 1.07 -
M1’1203 = = 041 = =
CI'203 = = 0.05 = =
P,0s - - 237 0.56 -
Free Lime - - 0.05 - -
MnO - - - 0.20 -
ZnO - - - 0.07 -
LOI 1.02 0.09 4.20 8.04 2.71

2.2. Sample Preparation [25, 26]

Six types of brick have been manufactured by applying
conventional method, which consists of BLA ratio 0, 2, 4, 6,
8 and 10% of the total weight of mixture as shown in Figure
3 (a) to (h). Each type holds seven bricks of dimension 185
mm X 85 mm x 65 mm as given in Table 3. Traditional brick
manufacturing method has been employed to mix the raw
materials. Initially, the clay soil has been well prepared with
the addition of sufficient water of water/clay ratio 0.7 to 0.8
into a suitable correct plasticity and good workability. Then
the BLA has been mixed with the pre-prepared clay
manually until proper mixing reached. After that, the raw
materials were placed in the mould to dig up the green bricks.
These green clay bricks have been protected by sawdust to
avoid engaging with other newly prepared clay bricks. These
green clay bricks have been subjected to direct air dry under
the sunlight of temperature around 35°C for one week. Then
the green clay bricks have been burned in a brick kiln of
burning temperature range 600°C to 850°C, which is the
industrial scale manufacturing process of fired clay bricks in
the Eastern region of Sri Lanka. The burning process has
been continuously carried out for two days and kept about
one week. The properties of the fired bricks have been

analyzed.
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Figure 3. (a). Mixing clay and bamboo leaf ash, (b). Molding the mixture,
(c). Green brick of dimension 185 mm x 85 mm x 65 mm, (d). Types of green
bricks, (e), Conventional brick kiln, (f). Burning final stage and (g) burnt red
clay-BLA bricks.

Table 3. Different mixing proportions of Bamboo leaf ash.

Brick Type Brick Clay (wt. %) Bamboo Leaf Ash (BLA) (wt. %)
A 100 00
B 98 02
C 96 04
D 94 06
E 92 08
F 90 10

2.3. Experimental Investigations of Fired Clay Bricks

Four main investigations have been performed in this
study namely; density, compressive strength, flexural
strength and water absorption. These investigations have
been performed according to Sri Lankan, British and
Indonesian Standard Specifications, SL, BS and SNI
respectively which are similar to ASTM C67-05 [31].

2.3.1. Partial Size Investigation

Particle size determination can be done by different size of
sieves, but this investigation has not done because the aim of
the study was to disseminate the facts to the local markets
and pick up the self-employment society.

2.3.2. Density (P) Investigation

Density is defined as the ratio between the dry mass, m,
and the volume, V, of the clay brick, quantifying the quantity
of clay found in the volume. It is evident from the definition;
higher value is the denser brick and evidently enhanced its
mechanical and durability properties. Literature shows that
the typical value of the apparent density of the normal fired
clay brick range from 1200 to 2200 kg. m™ > [32].

p=mlV (1)

2.3.3. Water Absorption (WA) Investigation

Water absorption investigation has been carried out to test
the water absorption property of the fired clay bricks. Three
bricks from each type have been analyzed. Initially, the
bricks have been kept under sundry of the temperature of
35°C to 40 °C for 7 days and the dry weight of the bricks
have been measured. These bricks have been immersed in the
water for 1 day and the wet weight of each brick has been
measured. Water absorption is presented as a percentage
using the below equation, and the average has been
calculated for each type.

WA = [(M>— My) | My] x 100 % @)

Where M;— the mass of the dry brick and M, — the mass of
the wet brick after 1 day.

2.3.4. Compressive Strength (CS) Investigation

Compressive strength investigation has been done using
Universal Testing Machine available in the Department of
Physics, Eastern University, Sri Lanka. Initially, the brick
surface was smoothening to get the parallel surface to form a
good surface contact between the brick and the two pressing
jaws in the machine. The brick setup for measurement is
shown in Figure 4. The compressive strength of bricks has
been measured with the help of a pressure gauge of
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sensitivity 2 kg.cm™ attached to the Universal Testing
Machine. The maximum force applied to just break the brick
(or force failure), Fy, (kg.cm™), width, d (mm), and length, /
(mm), of the brick has been recorded. Three blocks from
each type have been measured and the average compressive
strength has been determined and compared with the
standards.

CS = FE,/d x1 3)

Crack formation

Figure 4. (a). The brick has been ready to measure the point of force failure
and (b) Formation of crack indicates the force failure point.

2.3.5. Flexural Strength (FS) Investigation

Three-point bending investigation has been done using
Universal Testing Machine available in the Department of
Physics, Eastern University, Sri Lanka to determine the
flexural strength of the brick. Before the measurement, the
brick surface has been smoothening to get the parallel surface
to form a uniform contact between the brick and the three
wedges in the machine. The brick setup for measurement is
shown in Figure 5. The flexural strength of bricks has been
measured with the aid of a pressure of sensitivity 2 kg.cm™
attached to the Universal Testing Machine. The applied force
failed, F (kg.cm’z), span length, L (mm), width, w (mm),
height, # (mm) and the distance between the line of fracture
and the nearest support, a (mm) have been recorded to
determine the flexural strength (FS).

FS=F x L/ wh*=3Fa 2wh* 4)

Figure 5. The brick has been ready to measure the point of force failure and
the formation of crack indicates the force failure point.

3. Results and Discussion
3.1. Average Density of Fired Clay Brick
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Figure 6. The average density of the fired clay brick as a function of BLA%.

As shown in Figure 6, the average density of the of the
fired clay brick sharply decreases with increase BLA
percentage up to 8% of BLA. The minimum average density
of 1129 kg.m™ is observed for 8% BLA followed that it
shows an increasing behavior. The decreasing behavior could
be ascribed to the coating of the clay by the BLA that result
to large particles with larger voids and less density [16] or the
baking temperature [32]. The researcher [32] reveal that
density increases with increasing temperature to the certain
limit. According to his [32] statement, density of the clay
brick increase from 1800 kg.m™ to 2200 kg.m™ while
increasing baking temperature from 900°C to 1100°C
respectively, which is decreasing form from 2200 kg.m™ to
2000 kg.m™ while increasing the baking temperature from
1100°C to 1200°C. The effect could depends on the type of
the chemical and physical behavior of the clay material.

Not only that this effect is unlike related to normal clay
brick due to the mixing of BLA. The formation of the pores
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could be ascribed to the presence of unstable organic
compounds in the BLA that burnt off during the firing
process. However, the reduction in density is a useful
outcome that revealed the potential use of the fired clay
bricks as light-weight building materials. Low weight or
density has immeasurable advantages such as diminish
structural weight, easier management; low costs with
transport and environmental friendly. Not only have that in
production side more number of bricks can be manufactured
per ton of natural agro wasted materials. These bricks can be
replaced for standard bricks in most applications, except
when bricks of superior strength are required and depends on
architectural needs.

As per BS 3921:1982, the minimum density of the normal
fired clay brick is 1300 to 2200 kg.m™ [17, 33]. Therefore,
the 8% BLA mixed fired clay brick is most suitable for
construction.

3.2. Water Absorption of Fired Clay Brick
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Figure 7. The average water absorption of the fired clay brick as a function
of BLA%,.

Water absorption is one of the significant property used to
determine the quality of the fired clay brick. Figure 7
portrays the average water absorption of the fired clay brick
as a function of BLA%. The average water absorption
increases sharply with increasing the BLA%. It shows a
maximum absorption = 21.5% for 8% BLA, followed that it
decreases. This behaviour shows that the BLA plays a major
responsibility in clay-BLA mixture. From the results, the
bricks 0 < BLA% < 8, convince the standard value of 20% as
per the Indonesian Standard SNI 15-2094-2000 [14] and all
the bricks except 8 and 10%, convince the standard value of
12% as per the British Standard BS 5628: Part 1:2005 [15]
which lie within the standard values.

The increasing behaviour with increase BLA up to 8%
could be ascribed to comprehensive consumption of calcium
hydroxide, Ca(OH), released through cement hydration by
the pozzolanic reaction of the silica in BLA and thereby
filling up the pores in the fired clay brick that led to decrease
in the amount of water absorption by the brick; and beyond

8% BLA content the excess Ca(OH) which is not consumed
by the pozzolanic reaction constitutes weak spots in the brick
for water penetration, hence the higher percentage of water
absorption. This effect depends on the baking temperatures
which ensure the completion of the crystallization process
and closes the open pores in the sinter, as well as the effect of
the soft nature of the BLA particles, which severely
decreases the open pores and significantly reduces the water
absorption.

3.3. Compressive Strength of Fired Clay Brick
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Figure 8. The average compressive strength of the fired clay brick as a
function of BLA%.

Compressive strength determines the potential for
application of the bricks. Compressive strength is usually
affected by the porosity, pore size, and type of crystallization.
It is usually defined as the failure stress measured normal to
the bed face of the brick. The compressive strength analysis
results are shown in Figure 8. The compressive strength of
the 0% BLA clay brick is 150 kg.cm™ and the BLA above
0% clay brick ranged between 130 and 20 kg.cm™. The
compressive strength decreases smoothly up to 8% (70
kg.cm™) and shows a sharp drop. The effect may be due to
the higher percentage of pores situated in the fired brick or
the week chemical reaction between the materials.

This effect could depend on the baking temperature which
ensures the completion of the crystallization process, closes
the open pores in the sinter, and, consequently, increases the
compressive strength of the crystalline alumina-silicate brick.
Recrystallization after de-hydroxylation of water molecules,
hence other parameters affects the process of de-
hydroxylation may cause strength reduction with increases
BLA. The de-hydroxylation temperature increases with the
increase of water pressure. While the effect of the flabby
nature of the BLA particles, which severely increases the
open pores in the sinter on decreasing compressive strength
is much significant than that of reducing silica content. As a
result, increasing BLA ratio generally decreases the open
pores in the clay-BLA sinter and, consequently, increases the
compressive strength. The plasticity variation indicates that
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the water content increase with increases BLA. Hence these
factors may be a root for the reduction of strength when BLA
increases. However, 8% BLA is the maximum optimal
dosage and a suitable agent to stabilize the strength of the
brick clay which lies within limit recommended by the
building authorities.

3.4 Flexural Strength of Fired Clay Brick

L6 —

—— e —

Average Flexural Strength (kg.cm)

The newly born clay bricks are not suite for high strength
external construction; because their low strength and the wet
environments will be affect the structural integrity. However,
the bricks reduce the overall weight of the building due to
low density and weight. Thus, the bricks can be used for
interior wall partitions and decorations.

This new clay bricks can be manufactured on site itself,
low cost, semi labour skills, and local economy will flourish.
Not only has that by introducing the use of locally available
natural agro waste materials directed to an ecological
structure.

Therefore, 8% BLA could be suggested for use in
enlightening the physical properties of the fired clay bricks
than the conventional fired clay brick.

Acknowledgements

The authors express their gratitude to the Department of
Physics, Faculty of Science, Eastern University, Sri Lanka
for their support to accomplish this work.

0.4

0 2 4 6 8 10 12
Bamboo Leaf Ash Percentage

Figure 9. The average flexural strength of the fired clay brick as a function
of BLA%.

From Figure 9, it can be clearly seen that the flexural
strength decreases smoothly with increases BLA%.
Maximum strength of 1.36 kg.cm™ is obtained for 0% BLA,
which is higher than the conventional brick 2.89 MN.m2 and
minimum strength of 0.56 kg.cm™ s obtained for 8% BLA.

4. Conclusions

From various physical properties studies performed by
doping different percentage of BLA, it could be concluded
that partial replacement of BLA improves the physical
properties of the fired clay bricks within the limit of
experimental error.

The results obtained from this analysis revealed that
replacement of 8% BLA provides optimum values in the
compressive strength and the physical properties are given
as follows: The average density 1129 kg.m'3 was recorded
and satisfy the requirements as per BS 3921: British
standard specifications for brick clay which stated the
minimum density of 2000 kg.m'3. According to the results,
all the brick, satisfy recommended water absorption value
of 20% as per the Indonesian Standard SNI 15-2094-2000
and 12% as per the British Standard BS 5628: Part 1:2005
which lie within the standard values. The maximum
compressive and flexural strength 70 kg.cm™ and 0.56
kg.cm™ were recorded respectively. According to the BS
3921, the compressive strength of the fired clay brick
should be greater than 50.98 kg.cm™. For a single story
building minimum, compressive strength should be within
the range 10 to 50.98 kg.cm™ and recommended by the
building authorities.
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