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Abstract: This study investigated a partial replacement of clay by additives for bricks. The purified clay mixed with different
volume percentage of additives (Asphalt and Straw from agricultural waste) as separate and both to cast as bricks with the
standard dimensions of 18.5 x 8.5 x 6.5 cm’. Cylindrical pellets casted with the dimensions of average diameter of 40 mm and
thicknesses about 2.5 = 0.2mm. The casted bricks and pellets are air dried in open atmosphere for 8-10 days. These bricks and
pellets are fired for three days, at the end of three days kiln is allowed to cool to reach room temperature. The sample bricks are
tested for compressive strength and water absorption; pellets are tested for thermal conductivity and electrical conductivity.
From the obtained results, it has concluded that the compressive strength slightly increased against density of the bricks. A
moderate decrement observed in the water absorption against density of the samples and compressive strength weakens with
the increment of water absorption of the samples. Improved electrical conductivities of the samples with additives appears
change in electrical properties from insulating to semiconducting. Thermal conductivity values of the samples with additives
are climb against the 100% clay sample. The result shows that the greatest thermal conductivity of 0.905 Wm'K was obtained
for 85% Clay / 5% Straw / 10% Asphalt sample. The additives enhance porosity and heat contact through the samples. The
values obtained and with reference to the graphs plotted, can be concluded that the 90% Clay / 5% Straw / 5% Asphalt sample
is superior among the samples.
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— 10 wt%. The result is evidence for higher level of addition
of rice husk showed less compressive strength and density of
specimens [3]. The observations recorded during the tests
in usage, because availability of clay in most countries and ~ ShoWws that bricks with the 2 wt% addition of rice husk to
economical. Its durability and aesthetic appeal enhance its ~ clay: exhibit a compressive strength of 6.59 MPa which is
extensive application in the building structures. The smal.ler than the reference clay bricks, satisfying the
properties of ancient bricks vary considerably in terms of raw ~ requirements of IS 1077 [4]. The different volume percentage
materials, production methodology, and period [1]. The of rice hqsk 4%, 8%, 12%,.and 16% in the clay djcclared the
recycling wastes as alternative raw materials are not new and ~ €OMPIessive strengt}'l of ank.S decreasec.i [5]. This research
successfully used in most countries. A large number of work carried out with th'e' different welght' percentages of
researches are evidence to fully utilize waste produce from  Straw and asphalt as additives. The proportions were taken

rice husk. Gorhan et al. conceded the mineralogical analysis ~ 2ccording to volume ratios as straw is a very light material
on powdered samples of porous bricks made up with rice and .1f congderec} the weights the amount of straw for a
husk by X-ray diffraction (XRD), thermo gravimetric and SPecific weight will be more than the others.

differential thermal analysis (TG-DTA). Concluded that clay

and 10 wt% rice husk are the optimum composition for 2. Materials and Methodology

production of clay [2]. Sutas et al. studied effect between rice .

husk and rice husk ash to properties of bricks. Comparative 2.1. Materials

adding between rice husk and rice husk ash were varied by 0 Natural

1. Introduction

Clay brick is the oldest artificial building material and still

clay: Natural clay was collected from
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Veppavettuvan in Batticaloa district, Sri Lanka. Our previous
publication [6] concluded that the Veppavettuvan clay has
some optimistic outcome on the additives compared to
collected clay additives from some other regions in the Sri
Lanka.

Straw: straw collected for this study from Veppavettuvan
in the Batticaloa district, Sri Lanka. Such acquired straw was
chopped into small pieces manually before using them in the
mixture.

Asphalt: Liquid asphalt is the second additive used in the
study. It is basically content of bitumen, two types of bitumen
emulsions or asphalt liquids as CSS and CRS (cationic slow
setting and cationic rapid setting) were used. Both CSS and
CRS were in equal volume ratios to get mixing to control the
setting out time to reach necessary asphalt volume.

Water: Tap water was used in the sample preparation.

2.2. Purifying, Mixing, and Sample Preparation

2.2.1. Cleaning Process of the Clay Samples

Collected clay was purified in separate by following
methodology. Initially larger aggregates (stones, roots, etc.)
were removed manually by hands and used different sizes of
mesh. Then the clay were well mixed in the pure water and
purified by the mesh. The purified clay was packed in a
cotton cloth and hanged for 24 hours to remove water under
the gravity; filter out clay was placed in an open dry place for
24 hours to dry. The dried clay was crushed as powder by
using mortar and pestle.

2.2.2. Clay Brick Preparation

The purified clay was separately mixed with pure water
and shuddered to soften the clay for casted as 100% clay
bricks. The shuddered clay was kept in the cool dry place to
accumulate water into the clay for 24 hours and casted as
bricks. According to the literature [7], a wooden mould
selected to cast the bricks was 18.5 x 8.5 x 6.5 cm’. The clay
brick samples were used to evaluate the water absorption and
compressive strength test.

2.2.3. Clay Cylindrical Pellets Preparation

According to the literature [8] and available equipment in
our laboratory to test the thermal conductivity and electrical
conductivity of the clay; shuddered clay was separately
casted as cylindrical pellets with the dimensions of average
diameter of 40mm and about 2.5 + 0.2 mm thicknesses [8, 9].

2.2.4. Brick and Cylindrical Pellets Curing

The casted clay bricks and cylindrical pellets as explained
in the section 2.2.2 and 2.2.3 were dried in the open dry place
for seven days and then burnt in the furnace [10]. After
firing, all specimens were grounded and polished to get the
suitable geometry with decided dimensions.

2.2.5. Sample Matrix

Pure clay was mixed with additives and casted as bricks
and pellets. The volume (V) percentages were used in above
casting process as shown in the sample matrix table 1.

Table 1. Sample matrix.

Sample Name Clay(C) (V%) Straw(S) (V%) Asphalt(A) (V%)
100 % C 100 0 0

50% C /50 %S 50 50 0

50% C/50% A 50 0 50

85% C /5% S/ 10%A 85 5 10

85% C/10% S /5% A 85 10 5

90% C / 5%S / 5%A 90 5 5

2.3. Experimental Methodology

2.3.1. Compressive Strength Test

The standard ASTM C109 test method was conducted to
measure the compressive strength of the mortars and bricks
with 5000 kN hydraulic testing machine with the loading rate
of the test was 0.10 mm/s. Six specimens on each samples
were tested and the average was the strength [7].

2.3.2. Water Absorption

Water absorption test is required to check whether the
bricks are suitable for water logged areas or not. As per
standards the bricks should not absorb water more than 20%
of its original weight [10]. The specimens were dried in a
drying oven at a temperature of 110°C to 115°C for 24 hours
and were removed the bricks from the oven for allow to cool
them to room temperature then obtain it’s weight W;(kg).
Specimens were immersed completely in water at room
temperature (28 + 3°C) for 24 hours and removed the
specimens, wiped out any traces of water by using a damp

cloth and weight the specimen W,(kg). Water absorption
capacity was calculated by the equation is:

[w, —w;] x 100

Wy

2.3.3. Electrical Conductivity

Two point uniaxial method was used to calculate the
electrical conductivity of cylindrical pellet specimens [9]. In
this method, the specimens were dried in a drying oven at the
temperature of 110°C to 115°C for 24 hours to eliminate the
contribution of evaporable water to electrical conductivity,
then were removed from the oven and allow cooling them to
room temperature. The specimen was placed between two
parallel copper plates and ensures proper electrical
connection.

When current (I) conducted through the specimen, the
potential difference between the two electrodes (V) was
measured. Thecross sectional area (A) and thickness (h) of
the cylindrical specimen were measured and the electrical
conductivity (&) was calculated by the equation is:
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2.3.4. Thermal Conductivity

On the basis of literature, the steady state technique was
performed to measure the thermal conductivity of
cylindrical pellet specimen by using Lee’s disc apparatus
[10]. The cylindrical specimen was placed between two
plates of the Lees disc apparatus as shown in Figure 1.
One plate was heated, and other was heated to lesser.
Temperature of the plates was monitored until reach the
steady state. The steady state temperatures of plates (t;
and t,), thickness (h), and cross sectional area (A) of the
specimen was measured. Thermal conductivity (A) of the
sample was calculated by using following equation.
Quantity of heat passing through the cross-sectional area
of the specimen (Q) was measured by using current and
potential through the heating coils of the Lee’s disc
apparatus.

Qh

A=
I, -T,
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Figure 1. Lees disc apparatus.

3. Results and Discussion
3.1. Compressive Strength

The compressive strength of the bricks is mentioned in the
following Table 2, the coefficient of variation is notified in
between brackets.

Table 2. Compressive strength of bricks.

Sample Name

Compressive strength of brick (Coefficient of

Density of brick (Coefficient of variation%)

variation%) (MPa) (kgm™)
100 % C 11.5 (56) 1675 (3)
50% C/50% S 6.4 (9) 1299 (3)
50% C/50% A 10.7 (8) 1327 (4)
85% C/5%S/10%A 2.0 (41) 1475 (3)
85% C/10% S/5%A 5.1(29) 1408 (5)
90% C/5%S/5%A 6.1 (42) 1439 (2)

Table 2 shows a comparison of the development of
compressive strength between pure clay, straw, and
asphalt as different volume percentages of additives.

According to the table 2, it can be explained that the
brick containing pure clay (100% clay) experiences
compressive strength higher than that of brick with
additives. The compressive strength of the samples with
additives shows reduction in their strength compared to
the 100% clay sample. The 50% Clay with additive of 50%
asphalt shows slight decrease in compressive strength, but
others have marginal difference compare to 100% pure
clay sample.

Density of the brick samples is in between the range of
1675 and 1299 kgm™. It’s indicating that the weight of the
samples is not in an enormous deviation. The actual
compressive strength depends upon the specific raw
material, additives, size selected, and mechanical bonding
between the brick and additives. This is concluded from
the nature of microstructure of the aggregate mode from
straw ash. Bricks experienced more shrinkage due to the
additives which caused break in the micro-structural
bonds and partially produced crystallization process of the

asphalt might be decreased compressive strength [11].
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Figure 2. Compressive strength against density of bricks.

The Figure 2 illustrates linear trend line relationship
between compressive strength and density of specimens
with the regression coefficient of 0.064. The curve
representing slightincreases in compressive strength come
into view with the increase of density of specimens.



3.2. Water Absorption
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Table 3. Density, Water absorption, and Water absorption per density of the sample bricks.

Sample name Density(kgm™) ‘Waterabsorption (%) Water absorption per density (%/kgm™)
100 % C 1675 13.4 0.008
50% C/50% S 1299 24.6 0.019
50% C/50% A 1327 28.1 0.021
85% C/5%S/10%A 1475 22.0 0.015
85% C/10%S/5%A 1408 24.0 0.017
90% C /5% S/5%A 1439 19.7 0.014

The average density of the samples, water absorption, and
water absorption per kilogram of unit volume were calculated
and the results are illustrated in the Table 3. The water
absorption values obtained have significant increment for the
samples with additives with respect to the value of pure clay
brick sample, showing significant difference between 13.4%
and 28.1% of the average values.
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Figure 3. Water absorption against density of bricks.
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Figure 4. Compressive strength against water absorption of bricks.

Density and compressive strength of specimens shows
polynomial trend line against water absorption with
regression coefficient of 0.927 and 0.871 respectively as
shown in above figures 3 and 4. According to Figure 4, the
compressive strength of the samples slightly decreased when
their water absorption increased. It could be attributed to the
fact that specimens with higher porosity would allow more

water, and low level of compressive strength.

The dimension and distribution of the pores determined by
the raw materials, additives, and percentage of additives of the
brick [12]. Carbonates and firing temperature are contributing
the formation of small pores, such pores negatively influence
the quality of the bricks, as their compressive strength
decreased and water absorption increased [13].

3.3. Electrical and Thermal Conductivity

Table 4 shows the effect of electrical conductivity of pellet
samples. Samples with 85%C / 10% S / 5% A and 90% C /
5% S/ 5% A permitted about 4 and 3 times than 100% Clay
pellets. Samples allow higher current to pass through due to
its highest electrical conductivity, might be higher the salt
content. The increase in conductivity of clay with additives
appears change in electrical properties from insulating to
semiconducting. The asphalt is formed by hard bonding
might changes its electrical properties. Trend of the current
through the samples shown in Figure 5 and illustrating higher
additive percentage are not showing much different in the
electrical conductiviey, but 85% C/ 10% S / 5% A and 90%
C/ 5% S / 5% A samples showed higher electrical
conductivity among the samples.

According to the Table 4, thermal conductivity values of
the samples with additives are increased with respect to the
100% clay pellet sample. The result shows that the greatest
thermal conductivity of 0.905 Wm™'K was obtained for 85%
C /5% S/ 10% A sample and lowest value of that on 100%
pure clay sample as 0.676Wm™'K. Therefore indicates that
pure clay samples are better insulating materials among the
samples because of their lowest thermal conductivities. The
clay conduct heat at the lowest rate and absorbent power
acquire prolonger time to reach the steady state.

Figure 6 shows lowest thermal conductivity of the pure
clay sample and additives improved thermal conductivity,
because of their porosity and additives enhance the heat
contact through the samples [14]. A low resistivity indicates a
material that readily allows the movement of electric charge.
The study confirms lower salt content, the lower electric
conductivity.
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Table 4. Electrical and thermal conductivity of the pure clay and clay with additive pellets.

Sample number Sample name Electrical conductivity at 28 + 2°C (@ 'm™) Thermal conductivity 28 + 2°C (Wm™'K)
1 100 % C 0.018 0.676
2 50% C/50% S 0.013 0.892
3 50% C/50% A 0.014 0.891
4 85% C/5%S/10%A 0.016 0.905
5 85% C/10% S/5%A 0.087 0.903
6 90% C /5% S /5%A 0.069 0.890
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4. Conclusions

The results are indicating of the satisfactory performance
of additives in clay bricks. The compressive strength of the
samples with additives shows reduction in their strength
compared to the pure clay sample. Density of the brick
samples with additives are slightly decreased with respect to
the pure clay sample. Compressive strength shows slight
increase against density of the bricks, might be due to the
cause of reduction in micro pores and enhances bonding
between clay particles. The values of water absorption
slightly increased with additives in the samples. The
additives causing more char and promoting pores in the
samples and enhancing water absorpt decrement observed in
the water absorption against density of the samples and
compressive strength decreased with the increment of water
absorption of the samples. Thermal conductivity of the
samples increased with the additives, might be due to the
char formation produced more heat transfer than clay.
Electrical conductivity of the samples with smaller amount of
additives shows marginal increment than others. From the
values obtained and with reference to the graphs plotted, can
be concluded that the 90% C / 5% S / 5% A sample is
superior among the samples.
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