
  

 
Abstract—Rice Husk Ash (RHA) is one of the agricultural waste 

byproducts available widely in the world and contains a large amount 
of silica. In Bangladesh, stones cannot be used as coarse aggregate in 
infrastructure works as they are not available and need to be imported 
from abroad. As a result, bricks are mostly used as coarse aggregates 
in concrete as they are cheaper and easily produced here. Clay is the 
raw material for producing brick. Due to rapid urban growth and the 
industrial revolution, demand for brick is increasing, which led to a 
decrease in the topsoil. This study aims to produce lightweight block 
aggregates with sufficient strength utilizing RHA at low cost and use 
them as an ingredient of concrete. RHA, because of its pozzolanic 
behavior, can be utilized to produce better quality block aggregates at 
lower cost, replacing clay content in the bricks. The whole study can 
be divided into three parts. In the first part, characterization tests on 
RHA and clay were performed to determine their properties. Six 
different types of RHA from different mills were characterized by 
XRD and SEM analysis. Their fineness was determined by 
conducting a fineness test. The result of XRD confirmed the 
amorphous state of RHA. The characterization test for clay identifies 
the sample as “silty clay” with a specific gravity of 2.59 and 14% 
optimum moisture content. In the second part, blocks were produced 
with six different types of RHA with different combinations by 
volume with clay. Then mixtures were manually compacted in molds 
before subjecting them to oven drying at 120 °C for 7 days. After 
that, dried blocks were placed in a furnace at 1200 °C to produce 
ultimate blocks. Loss on ignition test, apparent density test, crushing 
strength test, efflorescence test, and absorption test were conducted 
on the blocks to compare their performance with the bricks. For 40% 
of RHA, the crushing strength result was found 60 MPa, where 
crushing strength for brick was observed 48.1 MPa. In the third part, 
the crushed blocks were used as coarse aggregate in concrete 
cylinders and compared them with brick concrete cylinders. 
Specimens were cured for 7 days and 28 days. The highest 
compressive strength of block cylinders for 7 days curing was 
calculated as 26.1 MPa, whereas, for 28 days curing, it was found 34 
MPa. On the other hand, for brick cylinders, the value of compressing 
strength of 7 days and 28 days curing was observed as 20 MPa and 
30 MPa, respectively. These research findings can help with the 
increasing demand for topsoil of the earth, and also turn a waste 
product into a valuable one. 
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I. INTRODUCTION 

N Bangladesh, brick production in one of the main 
contributions to soil loss. Soil degradation has been 

identified as the most important threat to food security. The 
rice milling industry generates a lot of rice husk during the 
milling of paddy, which comes from the fields. This rice husk 
is mostly used as a fuel in the boilers for the processing of 
paddy [1]. RHA is a carbon-neutral green product and a good 
super-pozzolan [2]. This super-pozzolan can be used in a big 
way to make brick aggregates. Pozzolan increases the 
mechanical strength of the aggregates. That is why, in this 
study, the authors tried to mix RHA with pure clay to see the 
difference. RHA usually contains around 85%-97% 
amorphous silica with a small amount of alkalis and other 
trace elements [3], [4]. This silica is highly porous and 
lightweight, with an exceedingly external surface area. 
Properties of RHA vary considerably according to their 
burning techniques [5], [6]. Depending on the time and 
temperature of the combustion, the silica in the ash undergoes 
structural transformation [7]. 

Rice husk is the outer cover of paddy that covers 20-25% of 
its weight [8]. It is removed during rice milling and is used 
mainly as fuel for heating in homes and rice milling industries 
in Bangladesh. Its heating value of 13-15 MJ/kg [9] is lower 
than most woody biomass fuels. However, it is extensively 
used in rural Bangladesh because of its widespread availability 
and relatively low cost. In the major rice-producing countries, 
much of the husk produced from the processing of rice is 
either burnt or dumped as waste [10]. The RHA is usually 
produced through a controlled and uncontrolled combustion 
process. The uncontrolled combustion process is used in most 
of the places in Bangladesh. The characteristic of RHA 
depends on the combustion process and variation of 
temperature. The fine particulate matter which is carried away 
from the combustion zone by the flue gas produces fly ash. 
The ash produced with stoker and suspension fired boilers is 
close to 100% amorphous. The proportion of bottom ash to fly 
ash depends upon the boiler type and operating conditions. 
Companies and researchers are encouraged to develop and 
improve technologies intended to reduce or minimize 
industrial wastes. Consequently, much effort has been 
expended in different areas, including agricultural production. 
In recent years, studies have been carried out by different 
researchers using wastes generated from agricultural and 
industrial activities as concrete-making materials [11], [12]. 
Wastes such as rice husk, sawdust, cork granules, and coconut 
pitch have been used as filler or aggregate for concrete.  
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II. METHODOLOGY 

Processing of raw materials included selecting the suitable 
types of raw materials to be used for the preparation of the 
specimens, primary processing of these materials to make 
them suitable for the next operation and determining their 
chemical compositions. The raw materials used in this 
experiment were: normal clay, RHA, and water. The complete 
process was divided into three parts. 
1. Characterization of RHA and clay to understand their 

inherent properties. 
2. Preparation of blocks with different proportions of RHA 

and clay. 
3. Using crushed block aggregates as coarse material in 

concrete. 

A. Material Preparation 

In this experiment, the normal clay was used, collected 
from Azimpur, Dhaka, where excavation work was going on 
for the building construction. The lumps of the clay were 
crushed in order to make fine particles, and then they were 
normally dried in an oven for seven days to remove the 
inherent moisture. The clay particles were passed through no. 
40 sieve to avoid any unwanted foreign particles like stones, 
large aggregates, or other substances and get homogeneous 
fine clay. On the other hand, RHA was collected from six 
different mills and then blended for 5 minutes in a blender; 
then passed through No.100 sieve. 

Moisture absorption test, Fineness Test, XRD, and SEM 
test were done to characterize the rice husks from different 
mills. Field identification, Specific gravity test, Atterberg limit 
test, Optimum moisture content test, Unconfined Compression 
test were done to characterize the clay. 

B. Specimen Preparation 

Clay and ash were taken by volume percentage shown in 
Table I of total brick volume. 

 
TABLE I 

DIFFERENT PROPORTIONS OF RHA AND CLAY 

Clay content (volume %) RHA (volume %) 

80 20 

70 30 

60 40 

50 50 

40 60 

 
For the mixing process, clay and RHA were taken in a 

bowl. For 20% RHA of total volume with the crushed clay, 
proper hand mixing was done. For different percentages of 
RHA, the same procedure was repeated. Water was added to 
provide sufficient bonding so that they can hold together 
during molding. A total of 93 cube specimens were prepared 
using a mold size of 2 ̋ x 2 ̋ x 2 ̋. Thus, 90 cube specimens 
were prepared for different volume fractions of RHA and the 
other three specimens were made of pure clay. Next, the 
specimens were dried in an oven for 7 days to remove excess 
moisture, and then they were kept in a furnace at 1200 °C for 
6 hours to produce the blocks. 

To compare the strength between the RHA mixed blocks 
and pure clay blocks, several tests were conducted. They were 
the crushing strength test, loss on ignition test, apparent 
density test, water absorption test, and efflorescence test. 

C. Preparation of Coarse Aggregates 

After the crushing test of the blocks, they were recycled to 
produce coarse aggregate by hammering and maintained a 
certain gradation. The maximum size of the coarse aggregate 
was one inch, and FM was 8.03. Fig. 1 shows respectively, a) 
how molded specimens look after they had been crushed and 
b) how they look after they have been hammered. 

 

 

Fig. 1 Preparation of coarse aggregates 

D. Preparation of Concrete Mold 

The graded aggregates (both fine and coarse aggregates) 
were soaked in water for 24 hours and then air-dried in 
saturated surface dry (SSD) condition before mixing. For each 
mixture, appropriate proportions of cement: fine aggregate: 
coarse aggregate, 1:1.5:3 were used. Using the mixture 
machine, mixing was done for about two minutes. The test 
specimens were cast in steel cylindrical mold size of 4 ̋ x 8 ̋, 
and compaction was done using a vibrator nozzle. They were 
demolded after 24 hours. Two sets (3 molds in each set) of 
molds were made. The first set was made without mixing any 
admixture, but the second set was made using admixture. For 
the first set, the water-cement ratio was 40%, and the slump 
value was 1.51 ̋ whereas for the second set, the values were 
45% and 1.82 ̋ respectively. For the first set of molds, curing 
was done for 28 days, and for the second set, it was done for 7 
days. 

III. RESULTS AND DISCUSSION 

A. Characterization of RHA 

To determine the properties of six different kinds of RHA 
collected from different locations of Bangladesh, several tests 
were performed that include absorption capacity test, Blaine’s 
fineness test, XRD (X-Ray Diffraction) & SEM (Scanning 
Electron Microscope) analysis. Results of the performed tests 
are given below. 

The result of the moisture absorption test of six types of 
RHA is shown in Fig. 2, where it can be seen that RHA 4, 
which is a mixture of RHA and nutshell absorbs more 
moisture from the atmosphere than all other RHA types. 

The result of the fineness test is given in Table II, where 
RHA 3 shows better fineness than the others. It was observed 
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that RHA 3 of all the samples, were uniformly burnt in the rice 
mill. The more the fineness of the RHA, the more contact area 
of the particles will contribute to the strength of the blocks. 

 

 

Fig. 2 Moisture absorption capacity RHA collected from different 
mills of Bangladesh 

 
From the XRD and SEM tests shown in Figs. 3 and 4, it 

was observed that the RHA were in amorphous states. In the 
case of all samples of RHA, no sharp peak was observed in 
XRD analysis indicating that the ash was in non-crystalline 
form. A rather broad peak spanning 2θ angle range of 18-30 °, 
which is the characteristic of amorphous structures, was 
observed. On the other hand, the particle size and texture of 
RHA were analyzed with SEM. It was clear from 300- and 
3000-times magnification that the shape of the ash particle 
was angular in texture. 

 

TABLE II 
FINENESS OF RHA FROM DIFFERENT MILLS 

Types of RHA Blaine’s Fineness (cm2/gm) 

RHA 1 1150 

RHA 2 1685 

RHA 3 2720 

RHA 4 1755 

RHA 5 1673 

RHA 6 1937 

B. Characterization of Clay 

From the field identification test, it was observed that the 
clay sample type was ‘silty clay’. And specific gravity was 
2.59; also the maximum relative density was 2 gm/cm3 at 14% 
moisture content. At 15% strain, the compressive strength of 
the soil sample was 28 MPa. 

C. Comparison of Blocks Incorporating Different 
Proportions of RHA with Pure Clay Blocks 

1) Loss on Ignition Test 

The result of the loss on ignition test is given in Fig. 5, 
where the straight line represents the loss on ignition of 100% 
clay blocks. It was observed that at 40% RHA, minimum loss 
was observed for most of the RHA types except RHA 4. 

2) Apparent Density Test 

The apparent density for different percentages of RHA is 
given below for RHA 3 as it is the finest in Fig. 6, which again 
indicates the lowest density at 40% of RHA. 

 

 

Fig. 3 XRD result of RHA 3 
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Fig. 4 SEM image of RHA 3 
 

 

Fig. 5 Loss on ignition for different percentages of RHA for RHA 
from different mills 

 

 

Fig. 6 Apparent density of RHA3 for different percentages of RHA 

3) Absorption Test 

The result of the absorption test is given in Fig. 7. This 
figure denotes that absorption is less for 40-50% for most of 
the RHA. It was also seen from Fig. 6 that the density is less 
for 40%. It means that at 40% RHA, the blocks not only 
become light weighted but also become more compacted. 

4) Crushing Strength Test 

The result of the crushing strength test is given in Fig. 8. 
This figure also indicates that for 40% of RHA, the 
compressive strength of the blocks incorporating finer RHA is 
higher than the blocks containing 100% clay. 

 

 

Fig. 7 Absorption of blocks incorporating different percentages of 
RHA from different mills 

 

 

Fig. 8 Crushing strength of blocks incorporating different percentages 
of RHA from different mills 

D. Concrete Strength Test 

Five concrete cylinder specimens (4 ̋ × 8 ̋) were prepared. 
The first two specimens were cured for 28 days and the last 
three were cured for 7 days. The result of compressive 
strength and tensile strength tests of these specimens will be 
discussed below.   

1) Compressive Strength Test for 28 Days Curing 

For concrete, used materials are coarse aggregate, fine 
aggregate, Portland cement, and water. By hammering the 
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crushed cubic blocks (2 ̋ x 2 ̋ x 2 ̋), coarse aggregates were 
prepared. The cubic blocks were made using clay and RHA 
maintaining the specific percentage of RHA. 
a. The maximum coarse aggregate size was 1.5 ̋, and the 

nominal maximum size was 1̋. 
b. The fineness modulus (FM) was 8.03. 
c. Bulk specific gravity (oven-dry) is 1.385.  
d. Bulk specific gravity (SSD) is 1.475. 
e. Apparent specific gravity (oven dry) is 1.523. 
f. Absorption capacity is 6.5%. 
g. Water-cement ratio is 0.4. 
h. Slump value 1.51 inch. 

After 28 days of curing, a compressive strength test was 
performed, and the average compressive strength of these 
cylinders was found 34 MPa (4.93 ksi). On the other hand, 
using brick chips as coarse aggregates, compressive strength 
was determined 30 MPa (4.35 ksi). 

As RHA is a pozzolanic material, and it has cementitious 
property, it increased the compressive strength of concrete. A 
shear failure pattern was observed. Fig. 9 shows the shear 
failure pattern of the specimen. 

 

 

Fig. 9 Failure pattern during compressive strength test (28 days) 

2) Compressive Strength Test for 7 Days Curing 

For concrete, used materials were coarse aggregate, fine 
aggregate, Portland cement, admixture, and water. 
a. Water-cement ratio 0.45. 
b. Slump value 1.82 ̋. 

After 7 days of curing, a compressive strength test was 
done, and the average compressive strength of these cylinders 
was found 26.05 MPa (3.78 ksi). When brick chips were used 
as coarse aggregate without mixing of admixture, the 
compressive strength was calculated 20 MPa (2.9 ksi). As both 
admixture and RHA were used, the compressive strength was 
higher than conventional concrete. It was observed that the 
failure pattern of the first cylinder was a shear failure, and the 
second one is a columnar failure. Fig. 10 shows the failure 
pattern of the specimens. 

3) Tensile Strength Test for 7 Days of Curing 

After 7 days of curing, a tensile strength test was conducted 
at a rate of 1.12 KN/s, and the average tensile strength of this 

cylinder was observed 2.25 MPa (0.33 ksi). The tensile 
strength was 8.64% of the compressive strength, which was 
within the range of 8% to 15%. The failure pattern is shown in 
Fig. 11. 

 

Fig. 10 Failure pattern during crushing strength test (7 days)  
 

 

Fig. 11 Failure pattern during tensile strength test (7 days) 

IV. CONCLUSIONS 

1. RHA performance increases if it is uniformly burnt from 
the mill and if the fineness is greater than 2500 cm2/gm; 
in this experiment RHA 3 showed these properties 
properly.  

2. Crushing strength is first lowered with increasing 
percentage of RHA and then suddenly increases in 40% 
RHA, then again decreases. 

3. The crushing strength is higher than clay up to 40% RHA 
combination for the finer RHA. So 40% volume of clay 
brick can be replaced by RHA. 

4. The absorption rate for 40% RHA is lower than other 
combinations, even pure clay. 

5. Efflorescence effect is not excessively observable. 
6. Loss on ignition is also lowest for 40% RHA except RHA 

4. 
7. The combination of RHA and clay only performs better 

than the combination of RHA, nutshell and clay. 
8. Apparent density decreases at 40% that indicates light 

weight of the brick aggregates. 
9. For RHA mixed coarse aggregate maximum absorption is 

observed 6.5% when normal brick aggregate absorption 
capacity is usually 11% to 15%. 
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10. The strength of the RHA mixed concrete is higher than 
the conventional concrete. 
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