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Abstract

Keywords:

Sand was partially replaced with prepared sawdust and rice husk respectively to produce light weight blocks.
The rice husks and sawdust were used to replace sand in the order of 5, 10, 15, 20, 25, 30 %. A total of 156
blocks were produced, cured and tested for compressive strength, water absorption and bulk density. For the
respective replacement materials, the compressive strengths decreased with increase in percentage replacement
but increased with increase in curing age. The maximum strength for replacement with sawdust was 1.77
N/mm? at 5% replacement and curing age of 28 days; while the minimum strength was 0.33 N/mm? and was
recorded at 30% replacement and curing age of 7 days. A maximum strength of 0.79 N/mm? at 5% replacement
with rice husk and curing age of 28 days was recorded; while the minimum strength was 0.30 N/mm? and was
recorded at 30% replacement and curing age of 7 days. Only the blocks produced from replacement with
sawdust at 5% replacement and 28 days curing age had strength value greater than 1.75 N/mm? stipulated in
Federal Building Code. Blocks produced from partial replacement with sawdust were of higher strengths
compared with the blocks from partial replacement with rice husks. The water absorption capabilities of the
blocks grew with increase in percentage replacement with sawdust and rice husks respectively. The water
absorption capabilities of blocks produced from replacement with rice husks were higher than those of blocks
produce from replacement with sawdust. For replacement with both materials, the highest water absorption
capacities were recorded at 30% replacement, the lowest value occurred at 5% replacements. For replacement
with rice husk, only blocks produced at 5% replacement had water absorption capacity (11.34%) < 12%
(minimum) provided in Federal Building Code. In the case of replacement with sawdust, blocks produced at
5% and 10% replacements had water absorption capacities 10.50% and 11.44% respectively less than 12% set
as minimum in the Federal Building Code. There was decrease in bulk densities of all blocks with respect to
percentage replacement of sawdust and rice husks respectively. For replacement with sawdust and rice husk
respectively, 61. 11% of the tested blocks were of bulk density values less than the minimum of 1500 Kg/m?
specified in British Standard Institute. The blocks from partial replacement with sawdust were of higher bulk
densities than the blocks from partial replacement with rice husks.

Saw dust; Rice Husk; Blocks, Building Industry

Introduction

Sustainable development is a very important agenda in this
century. This is where the world needs balance in
maintaining resources, energy and resolving environmental
problems (Subramani and Ravi, 2015). For example, the use
of sand in the production of glass, electronics and concretes
causing scarcity of sand is growing (Subramani and Ravi,
2015; Marcus, 2017). In addition to causing eco-system
disturbance, the shortage of sand has turned sand from local
product into expensive commodity. Therefore, in this study,
sawdust and rice husk were used as partial replacement for
sand in concrete production. The application of these
materials will reduce the usage of sand which makes them
more eco-friendly and economical than conventional
concrete (Marcus, 2017). In Nigeria, rice husks are generally
not used in construction. In order to make efficient use of
locally available materials, this study was conducted to
investigate and compare the influence of weight replacement
and volume replacement of fine aggregate by rice husk on
the workability, bulk density and compressive strength of
block as well as to assess the suitability of rice husk block as
a structural material.

The significance of sawdust and rice husk concrete
production is to reduce the sawdust and rice husk waste that
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are produced which could save the environment for a long
term run (Shafini et al., 2017). Another significance of this
study is to reduce the amount of sand in the concrete mix
which will eventually reduce the cost of construction.

The aggregate in sandcrete blocks contributes greatly to the
self-weight of the concrete members in any concreting works.
Therefore, their replacement with sawdust and rice husk
from the abundant waste materials in the environment would
reduce the self-weight of the blocks used in construction and
to provide an environmentally friendly waste management
strategy. This study is to partially replace fine aggregate
(sand) with rice husk and sawdust respectively for the
production of building blocks.

Material and Methods

Materials

Rice Husk: Rice Husk was sourced from Ekpoma in Edo
State. The rice husks were made free from stones.

Sand: The clean, sharp river sand was used in the study. The
sand was free from clay, loam, dirt and any organic or
chemical matters. The sand passing through 3 mm zone of
British Standard sieves as described in Sri Lanka Standard
855: 1989 was used.

Cement: The cement used in the study was Ordinary
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Portland Cement (OPC)

Water: Fresh, colorless, odorless and tasteless potable water
was used. Water was free from organic matters of any type.
Sawdust: Sawdust is a waste composed of fine particles of
wood from different species and was sourced from sawmill
in Oleh community. The sawdust was made free from large
particles and stones.

Methods
Preparation of Cubes
The mold used were watertight and of the size of 100mm x
100mm x100mm and sealed on all sides to prevent leakage.
The internal parts of the molds were greased to help prevent
the sample from getting stuck to the molds when dried.
Batching was done by weighing, and the fine aggregate was
substituted with sawdust and Rice Husk respectively in the
order of 5%, 10%, 15%, 20%, 25% and 30%. Mixing was
carried out manually; and 156 cubes (72 for replacement
with sawdust, 72 for replacement with rice husks and 12 for
control) were produced. Control samples (Pure sandcrete)
were made of fine aggregate (Sand), cement and water with
standard sandcrete mix ratio of 1:8:05.
The cubes were cured for 7, 14 and 28 days and were
subjected to comprehensive strength, bulk density and water
absorption tests respectively using equations (1) and (2).
Comprehensive strength test involved placing the sample to
be tested on comprehensive strength testing machine and
force was applied until the material failed. At failure, the
strength was read in N/mm?
CS = =2 x100 @)
Where CS is comprehensive strength, AF is applied force at
which the cube failed, and A is cross- sectional area.
Water absorption is decrease in mass divided mass of dry
sample. After taking the weight of cubes at day 28, the cubes
were wholly immersed in water and brought out of the water.
Water on the surface of the cubes were wiped with the piece
of cloth before weighing again. The mass of each cube
before curing were minus from the mass obtained after
curing to arrive at the volume of water absorbed by cube and
expressed in percentage (water absorption).

M1-M2

wa= 2M2s900 )
M1

Where WA is water absorption, M1 is dry mass and M2 is
wet mass

The performances of all cubes were compared with
compressive strength and water absorption capacity
provided in Federal Building Code (2006), while the bulk
density was compared with the minimum provision of the
British Standard Institute (2002).

Results and Discussion

Compressive Strength

The compressive strength results for partial replacement of
sand with sawdust are shown in Figure 1. The compressive
strengths of blocks decreased with percentage replacement
of sand with sawdust but increased with curing age. The
maximum strength was recorded as 1.77 N/mm? at 5%
replacement and curing age of 28 days. The minimum
strength was recorded as 0.33 N/mm? and was recorded at
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30% replacement and curing age of 7 days. For all the curing
ages, the maximum strengths were recorded at 5%
replacement, and the minimum strengths were recorded at
30% replacement. The maximum strengths recorded at the
different curing ages and at 5% were 0.57, 1.62 and 1.77
N/mm?2. The minimum strengths recorded at the different
curing ages and at 30% replacements were 0.33, 0.44 and
0.44 N/mm?2. The maximum strength in this study is higher
than the maximum strength (0.54 N/mm?) recorded for cubes
produced from partial replacement of sand with rice husks in
(Atikpo et al., 2019); but less than 1.78 N/mm? recoded for
cubes from partial replacement of sand with used papers in
(Atikpo et al., 2018).
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Figure 1: Compressive strength from replacement with
saw-dust

The compressive strength results for partial replacement of
sand with rice husk are shown in Figure 2. The compressive
strengths of blocks decreased with percentage replacement
of sand with rice husk but increased with curing age just like
the observations for replacement with sawdust. The
maximum strength was recorded as 0.79 N/mm? at 5%
replacement and curing age of 28 days. The minimum
strength was recorded as 0.30 N/mm? and was recorded at
30% replacement and curing age of 7 days. For all the curing
age, the maximum strengths were recorded at 5%
replacement, and the minimum strengths were recorded at
30% replacement like in the case of replacement with
sawdust. The maximum strengths recorded at the different
curing ages and at 5% were 0.54, 0.62 and 0.79 N/mmZ. The
minimum strengths recorded at the different curing ages and
at 30% replacements were 0.30, 0.40 and 0.43 N/mm?. The
maximum strength in this study is higher than the maximum
strength (0.54 N/mm?) recorded for cubes produced from
partial replacement of sand with rice husks in (Atikpo et al.,
2019); but less than 1.78 N/mm? recoded for cubes from
partial replacement of sand with used papers in (Atikpo et
al., 2018).
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Figure 2: Compressive strength from replacement with
Rice Husk

On evaluation of the performances of the blocks produced
from the different replacements with both materials, the
strengths of the tested blocks were compared with a
minimum standard (1.75 N/mm?) provided in Federal
Building Code (2006). Only the blocks produced from
replacement with sawdust at 5% replacement and 28 days
curing age were of acceptable standard because the strength
of the tested block at this replacement was greater than 1.75
N/mm? stipulated in Federal Building Code (2006). None of
the blocks produce from partial replacement with rice husk
had strength equal in value to the 1.75 N/mm? stated in the
Federal Building Code (2006). Comparison of blocks from
partial replacement with sawdust and partial replacement
with rice husks revealed that the blocks produced from
partial replacement with sawdust were of higher strengths
compared with the blocks from partial replacement with rice
husks. This is graphically displayed in Figure 3.
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Figure 1: Compressive strength for both replacement

Water Absorption

Water absorption results for both replacements are shown in
Figure 4. The water absorption capabilities of the blocks
grew with increase in percentage replacement of sand with
sawdust and rice husks respectively. The water absorption
capabilities of blocks produced from replacement with rice
husks were higher than those of blocks produce from
replacement with sawdust. Water absorption capacity was
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reported by Subramani and Ravi (2015) to be inversely
proportional to compressive strength. This is obvious in this
study- blocks with rice husks had higher water absorption
capacities but lower compressive strengths, while blocks
with sawdust had lower water absorption capacities but
higher compressive strengths. This is in line with findings of
Subramani and Ravi (2015).
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Figure 4: Water Absorption Capacity

For replacement with both materials, the highest water
absorption capacities were recorded at 30% replacement, the
lowest values occurred at 5% replacement.

When compared with the minimum standard water capacity
(12%) set in Federal Building Code (2006), the blocks from
both replacements generally performed poorly in terms of
water absorption capacity. For replacement with rice husk,
only blocks produced at 5% replacement had water
absorption capacity (11.34%) < 12% provided in Federal
Building Code (2006). In the case of replacement with
sawdust, blocks produced at 5% and 10% replacements had
water absorption capacities 10.50% and 11.44% respectively
less than 12% set in the Federal Building Code (2006).

Bulk Densities of Blocks

The results of bulk densities of the tested blocks are
presented in Figure 5 for replacement with sawdust, and
presented in Figure 6 for blocks produced from replacement
with rice husks. There was obvious decrease in bulk
densities of all blocks with respect to percentage
replacement with either sawdust and rice husks respectively.
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Figure 5: Bulk density of blocks made from replacement
with sawdust
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Figure 6: Bulk density of blocks made from replacement
with Rice Husk

For replacement with sawdust and rice husks respectively,
the maximum bulk densities were recorded at 5%
replacements while the minimum values were recorded at 30%
replacement. The maximum values at the different curing
ages were 1597, 1583 and 1570 Kg/m? for replacement with
sawdust, and 1592, 1578 and 1566 Kg/m? for replacement
with rice husk. The minimum values were 1436, 1428 and
1309 for replacement with sawdust; and 1431, 1416 and
1303 Kg/m? for replacement with rice husks.

For replacement with sawdust and rice husk respectively, 61.
11% of the tested blocks were of bulk density values less
than the minimum of 1500 Kg/m® specified in British
Standard Institute (2002). Comparative analysis of the
results revealed that the blocks from partial replacement with
sawdust were of higher bulk densities than the blocks from
partial replacement with rice husks. This is graphically
displayed in Figure 7.
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Figure 5: Bulk densities compared for both replacement

Conclusions

The compressive strengths of blocks decreased with increase
in percentage replacement of sand but increased with
increase in curing age. The maximum strength for
replacement with sawdust was 1.77 N/mm? at 5%
replacement and curing age of 28 days; while the minimum
strength was 0.33 N/mm? and was recorded at 30%
replacement and curing age of 7 days. Maximum strength
of 0.79 N/mm? at 5% replacement with rice husk and curing
age of 28 days was recorded; while the minimum strength
was 0.30 N/mm? and was recorded at 30% replacement and
curing age of 7 days. For both replacements at the different
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curing ages, the maximum strengths were recorded at 5%
replacement, and the minimum strengths were recorded at
30%.

Only the blocks produced from replacement with sawdust at
5% replacement and 28 days curing age were of acceptable
standard because the strengths of the tested blocks at this
replacement were greater than 1.75 N/mm? stipulated in
Federal Building Code (2006). None of the blocks produce
from partial replacement with rice husk had strength equal
in value to the 1.75 N/mm? stated in the Federal Building
Code (2006). Comparison of blocks from partial
replacement with sawdust and partial replacement with rice
husks revealed that the blocks produced from partial
replacement with sawdust were of higher strengths
compared with the blocks from partial replacement with rice
husks.

The water absorption capabilities of the blocks grew with
increase in percentage replacement of sand with sawdust and
rice husks respectively. The water absorption capabilities of
blocks produced from replacement with rice husks were
higher than those of blocks produce from replacement with
sawdust. For replacement with both materials, the highest
water absorption capacities were recorded at 30%
replacement, the lowest values occurred at 5% replacements.
When compared with the minimum standard (12%) of water
capacity set in Federal Building Code (2006), the blocks
from both replacements generally performed poorly in terms
of water absorption capacity. For replacement with rice husk,
only blocks produced at 5% replacement had water
absorption capacity (11.34%) < 12% provided in Federal
Building Code (2006). In the case of replacement with
sawdust, blocks produced at 5% and 10% replacements had
water absorption capacities 10.50% and 11.44% respectively
less than 12% set in the Federal Building Code (2006).
There was obvious decrease in bulk densities of all blocks
with respect to percentage replacement of sand with either
sawdust and rice husks respectively. For replacement with
sawdust and rice husks respectively, the maximum bulk
densities were recorded at 5% replacements while the
minimum values were recorded at 30% replacement. For
replacement with sawdust and rice husk respectively, 61. 11%
of the tested blocks were of bulk density values less than the
minimum of 1500 Kg/m?® specified in British Standard
Institute (2002). The blocks from partial replacement with
sawdust were of higher bulk densities than the blocks from
partial replacement with rice husks.
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