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Abstract: Conservation of trees which belong to renewable natural resources in developing countries through judicious
utilization in building industry has been seriously left unattended to over the years. The utilization of this unprocessed
wealth materials which could serve as one of the alternative constituents in construction materials is now a global con-
cern. Therefore, the needs to investigate the strength and water sorption property of wood waste as a partial replacing
material in brick production for building construction arise. Sawdust, sand and cement were mixed together at three
different mixing ratiosof 1:1:1,1:1:2 and 1:1:3. The brick samples were replicated three times and subjected to wa-
ter absorption, density and compressive strength tests. The results show that the effect of the equal volume of sand
and sawdust with a subsequent increase in the cement portion at each mixing ratio level gave compact bricks without
sudden fracture, reduced unit weight of bricks and subsequent lower water sorption properties of the bricks. The bricks
show potentials to be used for wall partitioning. The introduction of sawdust also serves as partial sand replacement

in concrete brick making.
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Wood wastes are residues from wood derived
during various wood conversion processes. These
residues are in form of edgings, trimmings, slabs.
These wastes are generated in large quantities
in the sawmill and some other wood based in-
dustries. The non-challant attitude of saw millers
had been attributed to increases in the wastage
of wood in sawmills since saw millers find it dif-
ficult to maintain their machines according to the
manufacturers’ prescription (Oyinloye 2004).
Over the years, wood wastes have been a men-
ace to our environment and health. They consti-
tute environmental pollution and health hazard
through the emission of poisonous gases during

the burning method of disposal. According to the
report of Badejo (1990), he opined that the bulk
of wood wastes generated in Nigeria was estimat-
ed to be 1.72 million m3, it rose to 2.3 million m3
by 1988 and still this number has been increasing
yearly without means of controlling and mitigat-
ing it.

Overtime, construction industry has been
found to be responsible for the current consump-
tion of 25% of wood and 40% of aggregates, 16%
of water and 40% of the energy annually spent
(Braganca et al. 2002). It is also worth knowing
that locally sourced building materials particu-
larly in Nigeria which could have facilitated sus-
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tainable development and growth in this sector
had remained underdeveloped to a socially and
economically acceptable level due to the low level
of development of the economy (Adedeji 2007).
In most developed countries, Ghosh (2002) from
his study, verified that the traditional and conven-
tional technologies used for construction and main-
tenance of buildings had been inefficient and
resource wasteful due to an enormous amount
of resources consumed.

In order to meet future challenges in wood prod-
uct needs and in building construction which is now
becoming scarce in the tropical forest, one strategy
is to convert various wood wastes into value add-
ed products that could meet up with the proper-
ties of wood as building and structural materials.
One out of many strategies that could be employed
in meeting this challenge is the production of valu-
able wood products from wood residues such
as sawdust, wood powder, wood shavings, wood
flakes, etc. Application of any of these residues
as a partial replacement of sand in brick produc-
tion will also go a long way to produce a lightweight
mortar and reduced bulkiness attributed to sand
and cement in building construction.

Naghizadeh et al. (2012) and Faria et al. (2013)
stated that incorporating wood waste into cement-
bonded composite could serve as a welcome de-
velopment. These researchers were of the opinion
that while waste wood is vulnerable to biological
degradation and environmental weathering, ad-
dition of cement could significantly reinforce the
strength performance, reduce water absorption
properties and structural durability of such wood
composite. Cement-bonded wood has been stud-
ied over a century, but the mass utilization of this
cement-bonded particleboard began in the early
1930s. Studies have shown that most of modern-
ization was concluded prior to the 1940s. Ce-
ment-bonded wood was stimulated by problems
associated to asbestos (Moslemi 1999). Also, the
paucity of stocks as a whole is a sensation that
limits the application of reprocessed wood (Wei
et al. 2003). Many composites have emerged
in many decades, for example, cement-bonded
wood wool boards (CBWW), cement-bonded par-
ticleboards (CBPB), and fibre-reinforced cement
boards (Frybort et al. 2008).

The need for locally manufactured building mate-
rials has been emphasized in many countries of the
world because of their easy availability and low cost.
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Not long ago a few inventions for construction ap-
plications turned out to be produced as highlighted
by some researchers, namely cement-bonded Ori-
ented Strand Board (OSB) (Ntalos, Papadopoulus
2006; Papadopoulus et al. 2006), cement strand slab
(Miyatake et al. 2000), or cement-bonded compos-
ite beams (Datye, Gore 1998; Bejo et al. 2005). For
many applications, cement-bonded composites
have been known to be competitive when in most
cases compared to reinforced concrete they are
used because of their relatively low density (Bejé
et al. 2005). Bricks, a major construction material,
have been regarded as one of the longest lasting
and strongest building materials used through-
out history. Ordinary building bricks are made
of a mixture of clay and water, which is subjected
to various processes, differing according to the na-
ture of the material, the method of manufacture
and the character of the finished product (Para-
shar, Parashar 2012).

However, supplementing sand with wood waste
(sawdust) for producing bricks must be critically
studied and emphasized as this will help us address
the problems of compatibility and imbalance be-
tween the expensive conventional building materi-
als in tandem with depletion of traditional building
materials. Hence, there is a need to shift our atten-
tion from a conventional way of producing bricks
which are expensive and bulky to focusing on low-
cost alternative building materials.

In assessing physical and mechanical character-
istics/performance of any composite, the product
design mix could also play a major role. Many
reported cases of the structural collapse of rein-
forced concrete buildings due to progressive dete-
rioration of the various components forming the
structural unit were found to be a result of an im-
proper mixing ratio or ignorance in the use of lo-
cally available fine aggregate (Olusola, Akintayo
2009). Alexander and Mindess (2008) ascertained
that mixing ratio can affect the strength and sta-
bility of a reinforced concrete structure just as the
size, the shape and the grading of the aggregate
will do.

This study therefore was designed to develop ce-
ment-sand building bricks reinforced with sawdust
for construction with the possibility of obtaining
light bricks with higher compressive strength when
compared with traditional bricks while estimating
their response to moisture and mechanical proper-
ties at different mixing ratios.
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MATERIAL AND METHODS

Procurement of materials

The materials used for this study included
wood waste (sawdust) of Gmelina arborea Roxb,
river sand and Portland cement. Other materi-
als included manual brick moulder of dimensions
150 x 150 x 150 mm and water. The sawdust was
procured from a sawmill section of the Depart-
ment of Forest Products Development and Uti-
lization, Forestry Research Institute of Nigeria,
Ibadan, Oyo State, while the sand was collected
from a stream located in Forestry Research Insti-
tute of Nigeria, Ibadan, Oyo State. Ordinary Port-
land Cement (OPC) was procured from the Lafarge
Cement Company, Eleyele, Ibadan, Oyo State, Ni-
geria, which conformed to the British Standards
Institution (1996a) requirements. The water used
was cleaned and freed from any visible impurities,
which conformed to British Standards Institution
(1996b) requirements.

Raw materials preparation

The collected sawdust was pre-treated in hot wa-
ter at about 80 °C for a soaking period of 1 hour.
This was done in an aluminium bath. This pre-
treatment was carried out in order to facilitate the
removal of water-soluble sugars and other extrac-
tives present in the raw materials which may pos-
sibly retard or completely inhibit the setting and
curing of the cement binder and also to produce
workable cement mixtures during brick formation
(Gil et al. 2017). At the end of the soaking period,
the hot water was drained off while the sawdust
was washed in cold water for ten minutes and air-
dried to a moisture content of 12% prior to use.
This was done in accordance with the procedure
used by Ajayi (2000).

The sand was sieved to remove stones and
other unwanted materials and to have uniform
particle size with sawdust. The stream sand was
thoroughly washed and flushed with water to re-
duce the levels of impurities and organic matter.
The sand was later sun-dried which conformed
to British Standard 882 (1992). The water used
was clean and free from any visible impurities,
which conformed to British Standards Institu-
tion (1996b) requirements. The wooden mould
used was cleaned and lubricated. The lubrication
was necessary for easy demoulding after brick
formation.

Brick formation

Water requirement. Water required for a work-
able mixture was determined using the Equation (1)
applied by Adefisan (2007).

Rg=0.35C+(030-M)x W (1)

where:

Rq  — water required (L);

o — weight of cement (g);

M — percentage moisture content of sawdust on dry
basis;

w — oven dry weight of sawdust (kg-m3).

Blending of materials and brick formation. The
quantities of the materials used for the production
of bricks were calculated and measured out accord-
ing to the levels of combinations in the experiment.
The sawdust, river sand and cement were calculat-
ed based on the sawdust/sand/cement ratio of the
three components, while the nominal density was
estimated to be 1 500 kg-m~3. Production of bricks
was based on mixing ratios of sand/wood/cement
at1:1:1,1:1:2and 1:1:3 by weight.

A mould of 150 x 150 x 150 mm made with
a wooden frame was used. The quantity of sawdust,
river sand and cement were measured and poured in-
side a plastic bowl. These materials were thoroughly
mixed until they were well blended. Water was then
added followed by thorough blending until a lump-
free furnish was obtained. The mix was manually
dispensed into a locally fabricated mould followed
by hand compacting in a pestle and mortar mode
to increase the quantity of the mix in the mould.

Pressing and curing. The pre-compacted mix was
followed by manual pressing using a minimal hold-
down pressure press to allow the mixture to com-
pact and initially set. Pre-pressing of the mixtures
was necessitated by the low density of sawdust
in the mixture. The pre-pressed bricks were then
taken to a manual pressing machine, pressed in the
mould with a pressure of 1.23 N-mm™2 for 15 min
to 20 min to compress the mix to achieve good
compaction after which they were removed from
the mould which conformed to Sadiku (2015). The
formed brick samples were carefully removed from
the mould so that no damage occurred on the bricks
while demoulding. All the bricks were marked ap-
propriately for easy identification. The brick sam-
ples were allowed to cure at room temperature
for 28 days. This was followed by air drying of the
bricks until a constant weight was achieved.
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Testing

Three tests were carried out on the bricks. These
include:

Mechanical property — Compressive strength. This
test was carried out using a universal testing ma-
chine in the Structures Testing Laboratory at the
Department of Civil Engineering, Faculty of Engi-
neering, The Polytechnic of Ibadan, with attention
focused on the maximum load causing failure. The
test pieces of dimensions 150 x 150 mm were placed
between a supporting base and a flat steel plate
above it, onto which a plunger that applied a com-
pressive load rested. The maximum load (newtons)
was recorded per test specimen and the compres-
sive strength was calculated as maximum load ap-
plied per unit area [Equation (2)].

F
C= 1 (2)
where:
o — compressive strength;
F — maximum load applied;
A — cross-sectional area of the bricks.

Physical properties — Water absorption and
unit weight test. This test was carried out accord-
ing to ASTM C 67-03a (ASTM 2003). The brick
samples were taken out of the curing tank and
allowed to be drained by placing them on a metal
wire mesh as described by Turgut (2007). The
residual surface water was also removed with
a dry cloth and immediately weighed. The water
absorption of saturated and surface dried weight
of samples was calculated using the following
Equation (3):

WA:[—Wz_WIJXIOO (3)
L

where:

WA  — water absorption (%);

W, - initial/dried weight (g);

W,  — saturated weight (g).

For the unit weight, the bricks were placed
into an oven at 102 °C and dried until a constant
mass was observed for a period of 26 hours. The
bricks were then taken out from the oven and
weighed at room temperature. The brick samples
are cooled at room temperature and their unit
weights were obtained by dividing the mass of the
bricks by their overall volume.

The unit weight was then calculated using the
Equation (4):
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p-2 )
Vv

where:

D — density;

M — mass of the bricks after drying;

% — volume (size of the bricks).

RESULTS AND DISCUSSION

Compressive strength. The compressive strength
of the bricks increased with an increase in the ra-
tio of cement from 1:1:1to 1:1:3 as shown in Fig-
ure 1. Bricks with lowest compressive strength
were recorded from an equal ratio of wood waste
to sand and with the lowest cement ratios (1:1:1).
The compressive strength dramatically increased
with an increase in the cement ratios to other ma-
terials (sand and sawdust). The highest mean val-
ue recorded was 12.80 + 0.59 N-mm~? at a mixing
ratio level of 1:1 :3 which were lower than what
was recorded by Gong et al. (1993) but higher than
what was recorded by Sadiku (2015). Gong et al.
(1993) reported that the compression values re-
quired for materials to be used as pavements range
from 20 N-mm~2 to 25 N-mm~2 while those for
beams range from 20 N-mm~ to 35 N-mm~2 and
up to 65 N-mm~ for reinforced concrete depend-
ing on the expected loads.

The low compressive strength recorded in this
study may be due to the presence of fibre in the mix.
This observation is corroborated by a similar finding
of Elinwa and Ejeh (2005) where at higher sisal fi-
bre content there is a reduction in the volume of the
mix thereby leading to a reduction in the compres-
sive strength of concrete. However, the compressive
strength was greater in bricks with the highest cement

13.0 -
12.8 -
12,6 -
124 1
122 |
12.0 |
11.8 |
116 |
114 |
112 |
11.0

Compressive strength (N-mm~2)

1:1:1 1:1:2 1:1:3

Mixing ratios

Figure 1. Effects of mixing ratios on compressive strength
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ratios, i.e. sawdust/sand/cement ratio (1 : 1 : 3).
It is also good to note that the lowest compressive
strength value (recorded in this study) is higher
than the minimum compressive strength of nor-
mal bricks of 3.50 N-mm™ as stated by Kumar
et al. (2018). Hence, this makes these bricks suit-
able for construction purposes. The bricks where
a low compressive strength was recorded may also
be a result of wetting by up to 25% to 40% of dry
strength (Figure 2).

The compressive strength increased with the den-
sity of bricks. This work is also in agreement with
the conclusions of Wolfe and Gjinolli (1996) that
at high density indices, a material is more compact
in the lattice structure and thus it is able to with-
stand stress to a level before crumbling. Howev-
er, the wood fibre presence in the bricks assisted
in bridging the void and pore spaces created by the
sand, thereby reducing the deformation and overall
crumbling of the bricks when subjected to load. This
observation was corroborated by the work done
by Corinaldesi et al. (2016) on lightweight mortars
containing wood-processing by-product waste. The
analysis of variance (ANOVA) revealed that the
three mixing ratios have a significant effect on com-
pressive strength of the bricks produced (Table 1).

Water absorption. Figure 2 shows the mean
values for percentage water absorption (WA). The
mean values for WA ranged from 24.62 + 0.16%
to 39.69 + 0.31%. The result shows that an increase
in cement content to sand and sawdust caused
a decrease in WA. The lowest water sorption values
were obtained from the bricks produced at a mix-
ing ratio of 1:1:3 (wood waste/sand/cement) (Fig-
ure 2). The highest water absorption recorded was
39.69 + 0.31% at a ratio of 1 : 1 : 1. However, the
ratio of 1:1:3 produced more dimensionally stable
bricks with the lower sorption rate of 24.62 + 0.16%

45 1

40 A
35 1
30 1
25 1
20 A

15 1
10 1

Water absorption (%)

1:1:1 1:1:2 1:1:3

Mixing ratios

Figure 2. Effect of mixing ratios on water absorption

Table 1. Analysis of variance (ANOVA) on the influence
of mixing ratios on compressive strength, water absorp-
tion and density of bricks produced from wood waste

and sand
VAR sV SS DE  MS F
5 bet
2 ctween 235 2 1.17 30.61*
3 groups
S
£ within groups 023 6 004 -
3 total 258 8 - -
o between *
. % aroups 35920 2 179.60 1228.82
=
£ 3 withingroups 088 6 015 -
2 group
© total 360.07 8 - -
o between 5315135 9 1158567 190.22*
& groups
(=]
A within groups 36545 6 60.91 -
total 2353679 8 - -

*significant (P < 0.05); VAR — variables; SV — source of varia-
tion; SS — sum of squares; DF — degrees of freedom; MS — mean

of squares; F — F-tab (signifance)

(Figure 2). This result was lower than 46.70% re-
corded by Babatola et al. (2011).

Bricks with a mixing ratio of 1:1 :1 were found
to be more porous and absorbed more water faster.
This phenomenon could be a result of the void spac-
es created by a small quantity of cement to an equal
volume of sawdust and sand available to bind and
coat the sand and the wood fibres which are hydro-
phobic in nature. Consequently, these void spaces
were easily stocked with the penetrating water thus
increasing the brick absorption rate after soaking.
This observation is in accordance with Zhou and
Kamdem (2002) and Hachmi et al. (1990), who
in their studies reported a low water absorption rate
at a higher cement/fibre ratio, leading to lower water
penetration of the void spaces and complete coat-
ing of particles with cement gel. It could also be ob-
served that the greater compression ratio of bricks
due to the equal level of sand to sawdust and higher
proportion of cement in bricks was responsible for
higher stability properties obtained at this level.

Figure 3 shows the relationship between water
absorption and unit weight across all samples ex-
amined. In relating to this figure under internation-
al standards and previous studies, the highest value
of the water absorption (39.69 + 0.31%) may seem
low while compared with that of widely used light-
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weight building materials, such as autoclaved aer-
ated concretes (60%) reported by Ozdemir (2002).
The ANOVA (Table 1) revealed that there are sig-
nificance differences in water absorption proper-
ties between the three mixing ratios.

Density. The nominal brick density from this
study was estimated to be 1 500 kg-m~3, but from
the results, the observed density ranged between
1300 + 10.82 kg:'m3and 1 420 + 4.10 kg-m~3across
the three mixing ratios. From the result, the lowest
density (1 300 kg-m~3) was observed in brick samples
made from a mixing ratio of 1:1: 1, while the high-
est density 1 420 + 4.10 kg-m~3 was produced from
a mixing ratio of 1:1:3. The result clearly shows that
the equal volume of sawdust to sand with an increase
in the quantity of cement resulted in an increase in the
density of bricks as shown in Figure 4. The greater
bonding quality and cohesive strength inherent
in the bricks produced from the high cement/
wood/sand ratio must have probably accounted for
their increased density.

The response of the bricks to production vari-
ables shows that an increase in the cement to wood
waste ratio (1:1:1 to 1:1:3) caused an increase
in the density of bricks produced. High dense
bricks were produced as they show the greatest im-
provement and resistance to loading at this level.
High bond in bricks was improved due to an in-
crease in the quantity of available and increased
surface contact area between the bricks to with-
stand the load applied. The greater bonding quality
and cohesive strength inherent in the bricks from
high cement to the equal ratio of wood to sand
must probably account for their increased density
as represented graphically in Figure 4. All these
observations are similar to the results obtained

45 1
40 1 ®

35 1
30 1
25 1 * +

20 1
15 1
10 1
5.
1280 1300 1320 1340 1360 1380 1400 1420 1440

Water absorption (%)

Density (kg-m3)

Figure 3. Relationship between the unit weight and water
absorption
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Figure 4. Brick density with respect to mixing ratios

by Babatola et al. (2011), Badejo et al. (2012) and
Lohani et al. (2012). All the bricks with equal fibre
content to sand were found to have a density below
1 680 kg:m~3 which is categorized by ASTM C90
(ASTM 2000) as lightweight concrete blocks.

The ANOVA table (Table 1) showed that the den-
sity of the bricks responded differently to varying
mixing ratios used in this study.

CONCLUSION

In this study, bricks were successfully produced
using conventional sand supplemented with saw-
dust. Three mixing ratios of sand, wood waste and
cementat 1:1:1,1:1:2and 1:1:3 were used
in relation to the volume of each component used.
Both mechanical test (compressive strength) and
physical properties (water absorption and density)
were carefully examined. Bricks containing the
mixture of an equal ratio of sand to sawdust and
at 3% cement content (1 :1 :3) performed better
in terms of water sorption properties, density and
compressive strength, as bricks produced at this
level proved to be dimensionally stable, moder-
ately denser and with good response to loading/
force during tests. Although the dimensional sta-
bility of the bricks was affected by the mixing ratio
(wood/sand/cement), however, an increase in the
mixing ratio from 1:1:1 to 1:1:3 could be attrib-
uted to a decrease in water absorption and increase
in density and compressive strength of the bricks
produced. The reduction in the strength proper-
ties of the bricks from the other two mixing ratios
(1:1:1and 1:1:2) might be due to water sorption
rate at these levels, sawdust type and method of pro-
duction. The addition of sawdust also improves the
filling of the void spaces and acts as granular skel-
eton in the bricks. The replacements of sawdust
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as aggregate in the tested samples also help in re-
ducing the unit weight of the bricks.

This study is an eye opener as regards further
investigations on efficient utilization of wood that
has been lying as waste in sawmills. The mechani-
cal properties (compressive strength) of the bricks
at a mixing ratio level of 1 :1:3 are an absolute
proof of their suitability for structural purposes for
internal panelling and demarcation.
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