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A B S T R A C T   

The demand for sand as natural aggregates has recently increased in building and construction, resulting in a 
significant decrease in resources and a rise in prices. At the same time, developing countries are concerned about 
managing sawdust waste. This experiment investigates the density and water absorption properties of timber
crete block (cement-sand-sawdust). This study partially substituted natural sand with sawdust to create light
weight material. The demand for sand as natural aggregates has recently increased in building and construction, 
resulting in a significant decrease in resources and a rise in prices. At the same time, developing countries are 
concerned about managing sawdust waste. The sand replacement with sawdust was at four (4) levels (0, 5, 10, 
and 15%) at two (2) levels of mix proportions: 1:4 and 1:6, and curing age at five (5) levels (7, 14, 21, 28 and 56 
days). A total of one hundred and twenty (120) cubes were used to measure the density of the material at five 
different levels (7, 14, 21, 28, and 56 days). In comparison, 16 cubes were explicitly used for the water ab
sorption test after seven days of curing. “Full immersion” was employed as a method of choice for curing. The 
results revealed that the water absorption rate increases for the two mix proportions as the replacement per
centage with sawdust increases from 5 to 15%. In comparison, density declines as the percentage of sawdust 
replacement increases from 5 to 15%. The study concluded that for mix ratios 1:4 and 1:6, a maximum of 5% 
sawdust should be utilised to avoid excessive loss of mortar physical properties, which will also contribute to the 
reduction of sawdust waste generated in society. However, the best mix proportions at a maximum of 5% 
substitution of natural sand with sawdust is 1:4.   

1. Introduction 

Sustainable development is an essential pillar in this century. 
Therefore, the world needs to balance the use of resources and energy 
while resolving environmental problems; by eradicating environmental 
pollution through the utilisation of wastes for good benefits and also by 
solving economic problems through the reduction of costly conventional 
building materials [1]. As well known that plenty of materials are used 
up during the process and operation of building construction and 
throughout the building service life cycle. In addition, the material is a 
very crucial component in building construction. The construction in
dustry is the second-largest consumer of raw materials after the food 
processing industry [2]. Materials are needed and used for building 
construction to be possible. Safa et al. [3] observed that the cost of 
construction materials is 50–60 % of the project cost. Various con
struction materials used in the construction industry, such as bricks, 
blocks, stone, gravel, granite, timber, reinforcement, and others, have 
contributed significantly to the construction cost. 

The high worldwide consumption of sand for concrete production 
has led several developing countries to encounter difficulties supplying 
natural sand to meet the increasing demand for infrastructural devel
opment in recent years [4]. Therefore, there is a need to incorporate 
underutilised wastes into construction. Charis et al. [5] reported that 
wood wastes such as sawdust and wood shavings are still the most 
underutilised wastes; when these wastes are not properly disposed of, 
they negatively affect the aesthetic appeal of the environment along 
with various ecological threats. 

There are over 1000 active sawmills in Nigeria [1]. Sawmilling in
dustries produce many wood wastes such as sawdust, cut slabs, tree 
barks, plain shavings, and strips annually. Disposing of wood waste has 
been a significant problem for the sawmilling industries since the more 
prominent the wood and industries, the larger the waste generated. 
Therefore, there is a need to know how locally available waste or ma
terials can be effectively used for a positive impact. 

Therefore, in resolving these problems, underutilised wastes should 
be incorporated into concrete for construction purposes, producing 
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environmentally friendly materials that will reduce the negative impacts 
of wood waste on the environment. Olanipekun et al.; Osei and Jackson; 
Sasah and Kankam [6–8] suggested that one of the solutions for reducing 
the cost of conventional building materials is by investigating and 
developing non-conventional local sources of materials such as agri
cultural and industrial wastes as construction materials to be used for 
civil engineering construction. Sawdust can be mixed with clay or fine 
aggregates or admixtures to generate blocks, bricks, pavers, mortar, and 
other products that reduce weight and cost and boost insulating capacity 
[9]. 

One of the sustainable ways of building is using sustainable materials 
such as bamboo, wood, rammed earth, and timbercrete. Timbercrete is a 
sustainable building material that offers several benefits over traditional 
blocks. Timbercrete comprises a blend of carefully selected sand, a 
cementitious binder (cement), water, and cellulose materials such as 
sawmill waste (sawdust). Timbercrete has various advantages: aesthetic, 
low cost, thermal efficiency, user friendly, low carbon product, fire- 
resistant, and low capital equipment cost [10]. It provides a light
weight alternative [9], helps reduce pollution by utilising sawdust 
[1,11], and can be used to compensate for the lack of fine aggregates, 
such as sand. 

The main ingredient of Timbercrete is sawdust. Sawdust is a type of 
wood waste; wood wastes are the residue of processed wood left behind. 
Five types of wood wastes were obtained during sawmilling activities: 
tree barks, cut slabs, sawdust, plain shavings, and strips [12]. Maharani 
et al. [13] conducted a study on the physical properties of sawdust, 
which contributed to the development of knowledge on the subject. The 
study analysed the physical properties of sawdust from five tropical 
wood species prepared using different mill types and found that particle 
size and density were essential factors influencing the physical proper
ties of sawdust. 

Owoyemi et al. [14] estimated that in 2010, sawmills in Nigeria 
generated about 1.8 million tons of sawdust annually and 5.2 million 
tons of wood waste. Due to the vast amount of wood waste generated, 
mainly sawdust, proper disposal has been an excellent problem for 
sawmilling industries. Most sawmilling industries resort to publicly 
burning sawdust which is highly dangerous to human health and the 
environment. 

Considering all of the above, the objective of this study is to; deter
mine the density and water absorption of the timbercrete blocks at 
different percentages of replacement of sand with sawdust for mix ratios 
1:4 & 1:6; and determine the optimal replacement percentage from this 
study at 1:4 and 1:6. 

2. Literature review 

Nigeria is an African country blessed with more than enough forest 
reserves, especially in the Southwestern region like Osun, Ondo, Oyo, 
Lagos, and Ekiti state [15]. The Southwestern part of Nigeria, especially 
the Ondo state vegetation, is dominated by thick forests with economic 
trees. There are several species of forest products. Even though Nigeria is 
well endowed with wood products, there is still high demand for wood 
for building and construction purposes. 

Sawmill is a wood processing industry. The sawmill has contributed 
to the economic development of Nigeria [16]. According to Ogunwusi 
[17], in Nigeria, in 2010, 1325 sawmills were in operation. About 300 
were located in the swamp forests of Lagos and River states, and about 
945 sawmills were in the rainforest zones of Edo, Delta, Ondo, Ogun, 
Oyo, Osun, and Cross River States. While in the savannah zone, were 
about 80 sawmills located mainly in Taraba, Adamawa, Benue, Kwara, 
Kogi, Kaduna, and the Niger States. Akinbani [18] reported that Ondo 
state has more than 238 timber industries, and most sawmill industries 
in most parts of Nigeria operate on a small scale in scope and structure. 
Elehinafe et al. [15] pointed out that trees from forests were taken to 
sawmills to produce materials for building constructions and furniture. 
The residue of processing is left behind as sawdust. 

Huge sawdust and other wastes are generated annually, like wood 
offcuts, plain shavings, wood barks, and wood rejects. Due to the high 
demand for wood and its products, the volume of waste being generated 
cannot but increase. The study conducted by Olawuni and Okunola [12] 
disclosed that five different types of wood wastes were obtained during 
sawmilling activities: tree barks, cut slabs, sawdust, plain shavings, and 
strips. From that study, those identified wood waste materials were 
produced in two sawmill sites in the study area, shown in Table 1. 

One of the wood wastes left behind is sawdust. Olutoge [19] defined 
sawdust as loose particles or wood chippings from sawing timber into 
standard useable sizes. Paulrud, Mattson [20] noted that in milling op
erations, about 10–13% of sawdust was obtained from the total volume 
of the wood log and that the average width and the thickness of sawdust 
determine the sawdust. Owoyemi et al. [14] estimated that in 2010 
sawmills in Nigeria generated about 1.8 million tons of sawdust annu
ally and 5.2 million tons of wood waste. 

Sawdust is a by-product of wood from sawmilling activities and the 
wood-based industry. Due to the more significant number of sawmills in 
Nigeria, enormous quantities of sawdust have been produced annually. 
Tiough [21] noted that sawdust accounted for about 10–20% of the 
wood waste. The volume of sawdust generated increases annually in 
Nigeria, and this has led to the creation of disposal problems. 

Sawdust is obtained from wood. The sawdust will sometimes consist 
of chippings from one wood or wood. According to Sawant, Sharma 
[22], the chemical properties of sawdust that were sieved through 1.18 
mm are shown in Table 2 below; 

3. Materials and methods 

The physical properties (water absorption and density) of cement- 
sand-sawdust blocks were carried out as experimental laboratory work 
at the Building department laboratory of the Federal University of 
Technology, Akure, Ondo State, Nigeria. The materials and equipment 
used, collection and sourcing of the materials, basic laboratory tests 
carried out on the materials sourced, and experimental procedures are 
discussed here. The physical properties studied were water absorption 
and density of the cement-sawdust-sand blocks (see Tables 3 and 4). 

3.1. Materials used and their properties 

The materials to make the timbercrete were first tested as per BS 
code recommendations or specifications. The essential components of 
the materials utilised in the production of lightweight cement-sand- 
sawdust (timbercrete) block consist of the following;  

1) Cement (Ordinary portland cement (OPC)) 

Dangote Cement was procured from a cement distribution store, 
Akure, in Ondo State, Nigeria, with properties conforming to BS EN 
197–1 [23].  

2) Sawdust 

Sawdust (from hardwood) was obtained manually from Babatunde 
sawmills at Roadblock, Akure, Ondo State, Nigeria. After collecting, it 

Table 1 
Wood waste components produced during sawmilling activities. (Source; Ola
wuni and Okunola [12].  

Wood waste Ondo road Frequency (%) Orisunbare Frequency (%) 

Sawdust 27.6 29.0 
Cut slabs 25.0 25.8 
Tree barks 19.7 19.4 
Strips 15.8 16.1 
Plain shavings 11.8 9.7 
TOTAL 100 100  
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was sun-dried and kept in waterproof bags. To maintain standards, the 
sawdust was passed through a 4.76 mm BS test sieve, allowing the 
sawdust to be readily and uniformly mixed during usage.  

3) Sand 

The sand was clean, sharp river sand free of clay, loam, dirt, and 
organic or chemical matter. The sand was sourced from Akure in Ondo 
State, Nigeria. The sand was checked and tested to conform to BS EN 
12620:2002 + A1 [24]. The fine aggregate, which is locally available 
sand, was tested as per the requirements of the BS code. The preliminary 
tests were carried out on the sand.  

4) Water 

Rainwater was collected and used (for the production of timbercrete 
and curing) for this research, and it met the standard for drinking. 

3.2. Procedures for preliminary test on materials 

The aggregates (sand and sawdust) were tested before usage to 
determine their physical properties regarding moisture content, specific 
gravity, and grain size distribution.  

i) Specific gravity of sawdust and sand 

It is defined as the ratio of the weight of the sample to that of an equal 
volume of distilled water. An empty specific gravity bottle with its lid 
was first weighed and noted (W1). Then the specific gravity bottle with 
about 50g of oven sample was weighed and noted (W2). The bottle with 
the sample was filled with water, and after 24 h, it was weighed and 
noted (W3). Then the content of the specific gravity bottle was emptied 
and filled with clean water to the brim and covered with its lid; the 
weight was noted (W4). In accordance with BS EN 12620:2002 + A1 
[24]. The specific gravity is calculated using Eq. (1) below; 

Specificgravity(SG) =
dry weight of the aggregate

weight of an equal volume of water

=
W2 − W1

(W2 − W1) − (W3 − W4)
(1)    

ii) The moisture content of sawdust and sand 

This test was conducted on the sample in order to determine the 
moisture content of the sample. The apparatus used was a moisture 
content can, oven and digital weighing balance. The weight of the 
moisture content can was first determined and noted (W0). Then the 
weight of the can with the wet sample was determined and noted (W1), 
and it was placed inside the oven for 24 h at a one-degree temperature. 
After the specified hours, the can was brought out, weighed, and noted 
(W2). In accordance with BS EN 12620:2002 + A1 [24]. Moisture 
content is calculated using Eq. (2) below; 

Moisture content =
Weight of moisture

Weight of dry sample
X100 =

W1 − W2
W2 − W0

X100 (2)    

iii) Grain size distribution of sawdust and sand 

Sieve analysis is used for grading. It is the process of splitting a 
sample of aggregate into fractions, each containing particles of the same 
size. A stack of sieves containing nine sieves of progressively smaller 
openings with a catching pan at the lowest base to collect ash samples 
passing through a sieve 75 mm was employed for the experiment. The 
various sieve sizes used were 4.75 mm, 2.36 mm, 1.70 mm, 0.600 mm, 
0.500 mm, 0.425 mm, 0.212 mm, 0.150 mm and 0.075 mm per Amer
ican Association of State Highway and Transportation Officials 
(AASHTO) [25]. 

Table 5 shows the grain size distribution of sawdust. It shows that 
99.65% passed through the 4.76 mm sieve and 41.10% passed through 
the required 0.600 mm aperture sieve, and about 54.90 were retained. 

Table 6 presents the sieve analysis for fine aggregate, with about 
90.10% passing through the 0.600 mm aperture of the sieve, while only 
about 9.52% was retained. 

Table 7 below shows all the physical properties of the aggregates 
used. 

where; Cu = D60 / D10 
CC = (D30)2 / (D60 × D10) 
D10 is the soil diameter, of which 10 per cent of the soil weight is 

finer. It can be read directly from the graph. 
D60 is the soil diameter, of which 60 per cent of the soil weight is 

finer. It can be read directly from the graph. 
For:  

a) Cu greater than 4.0, the soil is well-graded. It has a particle size 
distribution extending evenly over a wide range of particle sizes 
without excess or deficiency of any particle size.  

b) Cu between 1 and 4, the soil is uniformly graded. That is, all soil 
particles are almost the exact sizes. 

c) Cu < 1.0, the soil is poorly graded; the soil sample particle distri
bution contains an excess of some particle sizes and a deficiency of 
others. 

3.3. Mix design and specimen production 

The process involved in the production are as follows; 

a) Mixing: The appropriate quantities of material were weighed ac
cording to proportions and then mixed according to BS specifica
tions. The mixing was done manually. 

Table 2 
Chemical properties of sawdust.  

S/N Constituents Percentage (by weight) 

1 SiO2 87 
2 Al2O3 2.5 
3 Fe2O3 2.0 
4 MgO 0.24 
5 CaO 3.75 
6 Loss of ignition (LOI) 4.76  

Table 3 
Grain size distribution of sawdust.  

Materials Sawdust Sand 

Weight of empty specific gravity bottle = W1 (g)  365.40  365.25 
Weight of specific gravity bottle + oven dried sample = W2 (g)  415.40  416.6 
Weight of specific gravity bottle + oven dried sample + water 
= W3 (g)  

768.80  806.6 

Weight of specific gravity bottle + water = W4 (g)  782.05  779.05 
Specific gravity  0.80  2.18  

Table 4 
Grain size distribution of sawdust.  

Materials Sawdust Sand 

Weight of moisture content can = W0 (g)  12.20  12.17 
Weight of moisture content can + wet sample = W1 (g)  17.20  35.17 
Weight of moisture content can + dry sample = W2 (g)  15.50  33.27 
Moisture content  51.5%  9.01%  
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b) Casting of cubes: The mould size adopted was 100 × 100 × 100 
mm. The two mix proportions using (cement: fine aggregate (sand +
sawdust); 1:4 and 1:6 (0, 5, 10 & 15% sawdust replacement). For 
each percentage replacement, 15 solid cube samples; 120 cube 
samples for density, while 1 cube sample for each percentage 
replacement; 16 cube samples for water absorption. 

c) Compaction: The mortars were compacted immediately after mix
ing and placing. Compaction was done manually by tamping with the 
means of a tamping rod.  

d) Curing: Cubes were cured under complete immersion technique and 
were affected for up to 6, 13, 27, and 55 days. Demolding was done 
after 24 h of casting. 

3.4. Tests for timbercrete  

1) Determination of density 

Each cube sample from each composition was weighed in its dry 
state, during which their masses were determined by the digital 
weighing balance and recorded. The dimensions, which are each cube 
sample’s length, breadth, and height, were determined using a 
measuring tape. Then, the volume and the bulk densities were calculated 
for 1:4 and 1:6 (0, 5, 10 & 15% sawdust replacement) at 7, 14, 28, and 
56 days. According to EN 12390–7:2019/AC:2020 [26]. Density is 
calculated using Eq. (3) below; 

Density =
Mass of sample

Volume of the sample
. (3)    

2) Determination of water absorption 

A cube sample for each percentage replacement; 16 cube samples 
were used. This test was conducted on day 28 after curing for seven days 
to determine the rate at which timbercrete samples absorb water due to 
the presence of sawdust. The weights of the samples were first taken in 
the dry state (WW) and noted. Then they were fully immersed in water, 
and the duration of complete immersion was noted. After 24 h, the wet 
cube samples were removed and weighed (WD). The difference between 
each cube’s dry and wet weights was obtained by subtracting the dry 

weight from the wet weight. According to BS 1881–122:2011 [27]. 
Water absorption is calculated using Eq. (4) below; 

Water absorption capacity =
(WW − WD)

WD
X100% (4) 

where WW = Wet Weight in kg 
WD = Dry Weight in kg 

4. Results and discussion 

4.1. Density test 

The sand-sawdust ratio determines the density. The density of tim
bercrete decreases as the ratio of sawdust to sand increases. Fig. 1 and 
Fig. 2 show the graphical representation of the variation in density for 
varying percentages of sawdust replacement. For zero percentage, 
replacement density ranges from 2300 to 2250 kg/m3. That is, it was 
observed that density reduces as the % replacement with sawdust in
creases from 5 to 15%. Also, according to observations by Kumari et al. 
[28], the percentage of sawdust in the blocks increases, and the density 
decreases. 

In Fig. 1, an average density of timbercrete for mix 1:4 made using 
sawdust aggregate for 28 days are 1970 kg/m3, 1820 kg/m3 and 1800 
kg/m3 for 5, 10 and 15% respectively and control of 2250 kg/m3; for 56 
days are 1930 kg/m3, 1800 kg/m3 and 1800 kg/m3 for 5, 10 and 15% 
respectively and control of 2250 kg/m3. While in Fig. 2, for mix 1:6; for 
28 days are 1980 kg/m3, 1850 kg/m3 and 1720 kg/m3 for 5, 10 and 
15%, respectively and control of 2250 kg/m3; for 56 days are 1970 kg/ 
m3, 1850 kg/m3 and 1720 kg/m3 for 5, 10 and 15% respectively and 
control of 2200 kg/m3. 

4.2. Water absorption test 

Water absorption tests were carried out on each composition on the 
28th day after casting and seven days of curing. Sawdust is more sus
ceptible to moisture. The results provided in Fig. 3 depict the water 
absorption curve. The result shows that due to the varying percentage 
composition of sawdust in the sand-cement cubes, the rate of water 
absorption increases. That is, the water absorption rate increases as the 
percentage replacement with sawdust increases from 5 to 15%. Boob 
[11] also suggests that the percentage of sawdust directly affects water 
absorption potential. As the percentage of sawdust increases, there is an 
increase in water absorption, which, if excessive, can lead to a decrease 
in strength. However, it is possible to maintain an acceptable level of 
water absorption. 

Also, Adebakin [29] suggests that the replacement percentage of 
sand should be at most 10% for optimal results in producing sandcrete 
blocks. 

Table 5 
Grain size distribution of sawdust.  

Sieve size(mm) 4.76 2.36 1.70 0.600 0.500 0.425 0.212 0.150 0.075 Pan 

Percentage retained (%)  0.35  1.65  2.00  54.90  16.20  1.75  16.15  3.80  2.35 0.85 
% passing  99.65  98.00  96.00  41.10  24.90  23.15  7.00  3.20  0.85 0 

Mass of Sample = 200 g. 

Table 6 
Grain size distribution of sand.  

Sieve size(mm) 4.76 2.36 1.70 0.600 0.500 0.425 0.212 0.150 0.075 Pan 

Percentage retained (%) 0  0.32  0.06  9.52  16.86  1.62  33.60  8.66  4.58 24.78 
% passing 100  99.68  99.62  90.10  73.24  71.62  38.02  29.36  24.78 0 

Mass of Sample = 500 g. 

Table 7 
Physical properties of aggregates used.  

Sample Moisture 
content 
(%) 

Specific 
gravity 

Effective 
size 
(D10) 
(mm) 

Uniformity 
Coefficient 
(Cu) 

Coefficient of 
Gradation 
(Cc) 

Sand  9.01  2.18  0.06  5.42  1.57 
Sawdust  51.5  0.80  0.25  2.80  1.73  

I.J. Mogaji et al.                                                                                                                                                                                                                                



Materials Today: Proceedings xxx (xxxx) xxx

5

5. Conclusions 

This study focused on the construction density and water absorption 
properties of timbercrete blocks. The physical analysis was conducted 
explicitly on the sand and sawdust sample to ascertain its distinctive 
physical properties. The analysis yielded results that showed that the 
sand had a water content of 9.01% and specific gravity of 2.18. In 
contrast, sawdust’s moisture content was 51.2%, and the specific gravity 
of 0.80 is shown in Table 5. 

The density decreases as the percentage of sawdust replacement in
crease from 5 to 15%. The density of cement-sand-sawdust produced 
with mix 1:4 was higher than those of mix 1:6. The water absorption rate 

increases as the percentage replacement with sawdust increases from 5 
to 15%. To achieve a better result when utilising sawdust to build tim
bercrete blocks, the sand replacement percentage should be at most 5% 
regarding density and water absorption. 

The optimal replacement percentage from this study is 5% at 1:4 and 
5% at 1:6. The one with a lower rate of density and water absorption out 
of the two mix proportions is at 1:4. The most suitable mix proportion at 
5% sand replacement with sawdust is 1:4. 
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Fig. 1. Density of 1:4 for timbercrete.  

Fig. 2. Density of 1:6 for timbercrete.  
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Fig. 3. Water absorption of timbercrete for mix ratio 1:4 and 1:6.  
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