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Abstract
In this research paper, we analyze the effect of saw dust ash as cement replacement on compressive strength. Sawdust
collected from wood workshops of Nawabshah city was converted into ash by burning and grinding. Six concrete
mixes with ash dosage of 2.5% to 15% in the increment of 2.5% were developed. Also, a mix with conventional
ingredients was developed as control mix. Workability by slump test shows a higher demand of water in the mix with
sawdust ash, otherwise mechanical effort or admixtures will be needed to maintain the workability. Total 63 standard
size cylinders were cast using 1:2:4 mix and 0.5 water cement ratio. In each mix, 9 cylinders were cast, out of which
equal number of cylinders were cured for 7, 28 and 56 days. Weight of the specimen shows that sawdust ash is
helpful in developing light weight concrete. Increased dosage of the waste ash produces lighter concrete. Comparison
of compressive strength of the saw dust concrete mix with conventional concrete shows that 5% replacement of
cement with the waste ash is the optimum dosage. At this dosage, the decrease in compressive strength is 11.66%
and reduction in weight is about 2%. Although, the elongated curing shows improvement in strength results, but
at optimum dosage the reduction in compressive strength up to 12% was recorded as compared to 28-day cured
specimens.

Keywords—Green concrete, Saw dust ash, Compressive strength, Workability

F

1

Introduction

W

ith the passage of time, concrete has proved
itself as the most suitable material for construction. It is a very strong and versatile construction
material. However, concrete has an excellent resistance
to compression (crushing), yet it is very poor in tension
(stretching). To give it a good load bearing capability
in tension also, it must be reinforced with steel bars
(rebar), polymer strands or fiber. There are many byproducts which can be used as partial or full replacement with different ingredients of concrete. Sawdust
(wooden shavings) is a by-product or waste product
of woodworking operations such as sawing, milling,
planning, routing, drilling and sanding. Not many
people realize it, but there are hundreds of ways that
sawdust can be used as a by-product in the modern
world. Normally the waste is used as plant food, mess
cleaner, fake snow, weed killer and fire maker. Pakistan
generates about 48 million tons of solid waste every
year [19] with about 20 to 25 million tons in metropolitan cities [20], which has been increasing more than
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2 percent annually. Like other developing countries,
Pakistan lacks waste management infrastructure, creating serious environmental problems. Most municipal
waste is either burned, dumped or buried on vacant
lots, threatening the environment, health and welfare
of the general population.
On the other hand, consumption of ingredients of
concrete, to meet the modern development style and
accommodation needs, has increased drastically. As a
result, cement industry is working round the clock to
yield cement as per with the consumption requirement.
Also, quarrying of natural aggregates causes serious
problems to environment. From another perspective, if
the use of the natural aggregates is analyzed, it reveals
that natural sources of the aggregates are depleting
quickly. Therefore, to save the natural aggregates and
save the environment from quarrying of aggregates
and impact of cement industry, search of alternative
ingredients of concrete has become an active area of
research.
Several alternative materials have been used by scholars around the world as partial or full replacement of

QUEST RESEARCH JOURNAL, VOL. 18, NO. 1, PP. 43–50, JAN–JUN, 2020

ingredients of concrete. But the scatter in results shows
that still there is a need of more work in the field
to develop awareness for using such material. In this
paper, partial replacement of cement with sawdust ash
is proposed. Sawdust ash is used in different dosages.
Compressive and tensile strength of concrete specimens is evaluated to check the impact of the sawdust
ash as partial replacement of cement.

2

Literature Review

Various alternative materials such as jute, glass, fiber,
polythene, etc. and waste materials like bricks, rubber,
tires, debris, etc. have been used by different scholars
around the world as a replacement of one or other
ingredient of concrete. Full or partial replacement of
the ingredients has also been studied. However, the
scatter in results is a potential hurdle in preparing
the code or standard of their use. Sawdust is a waste
material which has been used by several scholars in
its original form as an alternative of fine aggregate
or by converting it into ash as alternative material
for cement. In this regard, Abdullahi et. al. [1] used
saw dust as replacement of sand in five dosages from
10% to 50%. The compressive strength results of standard size cubes (150 mm) prepared for the purpose
showed 10% as optimum dosage at which the strength
falls in the range specified by BS code. However,
the authors concluded that the concrete cannot be
used for structural purposes as it causes fluctuation
and reduction in strength. Oyedepo et. al. [2] also
made similar attempt to partially replace the sand
but with dosage up to 100% in increment of 25%. The
uniformity and curvature coefficients of the sand were
1.049 and 1.324 respectively, which confirms a good
grading of the material as per BS standards. Also,
the average crushing value of the sand confirmed the
standard requirement of BS code. Test results showed
that the workability of the concrete reduced with
increase in the dosage of the dust, whereas, concrete
strength at dosage above 25% did not confirm the
strength specified for light weight concrete. Therefore,
the authors concluded that beyond 25% replacement,
concrete had a decremental pattern for workability and
strength. In another attempt by Narayanan et. al.[3],
the authors used sawdust as a partial replacement of
sand in definite quantities and studied density and
strength of the concrete. The authors recorded lower
specific gravity (0.27) and higher water absorption
(2) in comparison to the conventional sand. They
observed from the test results of M20 grade concrete
(w/c=0.5) that both density and strength decreased
with the increase in sawdust quantity. Therefore, they
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concluded that it may be used in both normal and light
weight non-structural elements. Similar conclusion is
also made by Velmurugan and Jose [4] for mortar
block of M30 grade concrete based on the laboratory
investigations of density, workability and compressive
strength of the concrete. They also argued that the use
of waste is not only eco-friendly, but is also economical.
In addition, it shows a positive effect in developing
light-weight concrete with optimum dosage up to 20%.
Dixson et. al. [5] used sawdust from rice mills to
convert into ash. The same was used as a replacement
of fine aggregate from 5% to 15% to develop M25
concrete. From the test results of 7, 14 and 28 day
cured samples, the authors observed that light-weight
concrete using sawdust ash may be developed if the
percentage replacement is limited to 5%. Gosh [6] also
used sawdust in concrete, replacing the natural fine
aggregates up to 40%. From the test results of mortar
and concrete specimen, the authors recommended a
replacement dosage of 10%-20% which is higher than
earlier recommendation of the same. Geeta el al. [7]
used binary blending of sawdust and quarry dust as
replacement of fine aggregates. They used sawdust
in the dosage of 5% to 15%, and quarry dust from
35% to 50%. From the test results, they observed
that 5% of saw dust and 45% of quarry dust result
in almost the same strength as that of conventional
concrete. On the other hand, Sawant et. al. [8] used
cement replacement from 5% to 25% by sawdust ash to
prepare 150 mm side cubes, 150mm diameter cylinders
and 550mm x 100mm x 100mm prisms to test compressive, tensile and flexural strength of concrete. They
also used Metakaolin as bonding admixture. Based
on their experimental work, the authors recommended
5% replacement of fine aggregate with sawdust and
Metakaolin as admixture to ensure concrete strength
at par with conventional concrete.
Workability, unit weight and strength of concrete with
fine aggregates replaced by teak wood dust from 0%30% were studied by Lakshmi and Dilip [9]. The
authors observed a decrease in workability and an
increase in water absorption with the increase in
dosage of wood dust. The strength results were found
to be higher than that of conventional concrete. The
similar dosage of teak wood dust as replacement of
fine aggregates to produce M20 grade concrete was
attempted by Tiwari et. al. [10]. Unlike Lakshmi and
Dilip [9], the authors observed a decrease in strength of
the samples containing teak wood dust in comparison
to conventional concrete. Mageshwari and Vidivelli
[11] used sawdust ash as a partial replacement of river
sand from 5% to 30% with increment of 5%. Along
with basic properties of the aggregates, the authors
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evaluated compressive, tensile and flexural strength
of the standard specimens used for the purpose and
cured for 180 days. From the experimental results, the
authors observed that the strength increased with the
increase in curing age, but decreased with the increase
in the dosage of the ash. They also observed that the
water requirement of the concrete increased with the
increase in the replacement level. The authors concluded their work with remarks that ash has potential
to be used as river sand replacement only if used in
the optimum dosage of 10%-20%. In another work by
Suliman et. al. [12] to minimize environmental issues
and construction cost, the authors used sawdust ash
as a replacement of river sand. But unlike Mageshwari
and Vidivelli [11], they used sawdust ash dosage up to
15% by volume and tested concrete cubes of standard
size. The authors also tested the cubes with respect to
environmental hazards of using the ash. From the compressive strength results, the authors recommended
10% replacement of river sand as optimum dosage.
Also, they concluded that the use of ash is free from
any harmful contamination for health.
Another way of using sawdust is by converting it into
ash. The burnt product is grinded and sieved. Then,
it may be used as a partial replacement of cement. To
this end, Mangi et. al. [13] published review a paper
discussing the use of the product in fresh concrete. Malik et. al. [14] used the product to replace the cement
by 5%-20%. The test results of M25 grade concrete for
density, water absorption and strength showed a 10%
replacement as optimum. The work was extended by
Raheem et. al. [15] to prepare concrete specimens using
cement replacement up to 25%. Also, the specimens
were cured up to 90 days. The authors stated that
although strength gain of the proposed concrete is
slow at early age, but it increases significantly as
curing age is extended up to 90 days. They concluded
that 5% replacement is the optimum. Lone et. al.
[16] on other hand recommended 8% as the optimum
dosage. Marthong [17] also used the material up to
40% to study water absorption, shrinkage, durability
and compressive strength. Based on the laboratory
tests results, the author suggested 10% as the optimum
dosage of the material.
Kumar et. al. [18] used sawdust as a replacement of
fine aggregates with respect to low cost construction
material. 10%, 15% and 20% of the sand was replaced
with sawdust, whereas other ingredients of conventional concrete were used as per standard requirement.
Based on the tests conducted in the research program,
the authors argued that the unit weight of the concrete
blocks reduced with increase in dosage of the sawdust.
Also, the cost of the resulting blocks is smaller than
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Fig. 1: Saw dust

the conventional mortar or concrete blocks. Therefore,
it can be conveniently used as low-cost material in
construction.
From the literature review, it is evident that a plethora
of work is done by different scholars on developing the
green concrete and to study its properties. However,
various research gaps may still needed to be addressed.
Therefore, in this research study, locally available
sawdust is utilized to develop the sawdust ash to be
used as cement replacement to prepare green concrete.
Laboratory investigations are carried out to check the
workability and strength of sawdust ash concrete.

3

Materials & Testing

In the following, details of the materials used for the
proposed research are given.
3.1 Sawdust
Saw dust used in this research work was collected
from the woodwork shops in and around Nawabshah
city. The material in its original form (Figure 1) was
brought to the laboratory and sorted for unwanted debris. Then, the material was burnt followed by grinding
to fine powder (Figure 2). The sieving of the material
was done to ensure its fineness equal to the fineness of
the cement.
3.2 Conventional Concrete Ingredients
Ordinary Portland cement under brand name Pak
Land obtained from local market was used in our
research. Hill sand as fine aggregates and crush of
maximum size equal to 25 mm were also obtained from
the approved source of the aggregates. Both aggregates
were sieved in accordance with the relevant ASTM
standard before using in the concrete mix. The water
used for concreting was potable water with pH value
6.8.
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Fig. 3: Slump test

Fig. 2: Sawdust ash

3.3

Concrete Mix and Slump Test

The sawdust ash was used as the cement replacement
by weight. The material was used in the dosage of
2.%, 5%, 7.5%, 10%, 12.5% and 15%. Altogether,
six concrete mixes were prepared with saw dust ash.
Additionally, one mix was prepared without using the
waste material ash. The mix was used to check the
results of the proposed concrete. In all mixes, a 1:2:4
mix with 0.5 water cement ratio was used. The mix
was selected as it is commonly used in the industry.
Table 1 gives the details of the material quantities
used in all batches of the concrete along with details
of the cylinders cast for the evaluation of compressive
strength.
The concrete ingredients were weighed and mixed
thoroughly followed by adding required quantity of
water in mixer. The slump test for each batch of
the concrete was performed in standard fashion. The
obtained values of the slump for all mixes are given in
Table 2.
3.4
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Casting and Testing of the Specimens

Total 63 cylinders of standard size were prepared
with 9 specimens from each concrete mix. The casting
of the specimens was done in accordance with the
standard procedure. After 24 hours, the specimens
were demolded and left to air dry (Figure 4). From
each batch, 3 specimens were cured for 7-, 28- and 56day respectively by fully immersing in potable water.
The curing method is opted as is commonly used on
construction sites. After the elapse of respective curing
time, the dry weight of the specimens was evaluated
followed by the testing for compressive strength in a
universal testing machine under gradually increasing
load till failure (Figure 5). The automatic testing
machine applied the load on specimen using hydraulic
system at the rate of 0.5 kN/sec. The obtained results

Fig. 4: The specimens

of weight and compressive strength of all specimens
are listed in Table 3.

4

Results & Discussion

It is observed that the slump values obtained from
slump test decrease with the increase in the dosage of
sawdust ash. The decrease in slump is attributed to the
fineness of the ash due to which the gap between the
aggregates is filled to a maximum extent. As a result,

Fig. 5: Testing
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Saw Dust
Ash (%)
0.0
2.5
5.0
7.5
10.0
12.5
15.0

#
1
2
3
4
5
6
7

No of
Cylinders
9
9
9
9
9
9
9

Cement
(Kg)
17.30
16.87
16.44
16.00
15.57
15.12
14.70

Fine Aggregates
(Kg)
34.59
34.59
34.59
34.59
34.59
34.59
34.59

Coarse Aggregates
(Kg)
69.21
69.21
69.21
69.21
69.21
69.21
69.21
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Saw Dust
Ash (Kg)
0.00
0.432
0.864
1.296
1.728
2.163
2.592

Water
(Kg)
8.64
8.64
8.64
8.64
8.64
8.64
8.64

TABLE 1: Material quantities
No
1
2
3
4
5
6
7

Saw Dust Ash (%)
0.0
2.5
5.0
7.5
10.0
12.5
15.0

Slump (mm)
16
15
13
10
9
7
3

TABLE 2: Slump values

Fig. 7: Percentile reduction in weight

Fig. 6: Comparison of slump values

aggregates become attached to each other with ash and
slump decreases. The slump results are compared with
conventional concrete in Figure 6.
It is further observed that slump is less than required
range for the mix. This shows that the use of sawdust
ash requires more water in concrete, otherwise more
effort in the shape of mechanical equipment or admixtures will be required to maintain the workability.
Average values of weight and compressive strength
of the specimens in each dosage of sawdust ash and
curing age are given in Table 4. The comparison of
weight of the specimens of the proposed concrete with
the weight of the conventional concrete shows that
the reduction in the the weight of the specimens is
obtained with the increase in the dosage of sawdust
ash. Thus, the waste ash helps in developing lightweight concrete.
A maximum decrease of 7.87% in the weight is ob-

served at the sawdust ash dosage of 15%. However,
strength checking before finalizing the dosage of the
waste ash should be made. Details of the percentile
reduction in the weight with respect to control specimens at relevant curing age are shown in Figure 7.
Average compressive strength of all concrete mixes
of the proposed concrete versus average compressive
strength of conventional concrete is shown in Figure
8-10. Figure 11 shows the percentile reduction in compressive strength within respective curing age. It may
be observed that the early strength (7-Day curing)
observed a fluctuating behavior, whereas, both 28- and
56-day cured concrete observed a reduction in compressive strength except for 2.5% dosage. At 5% dosage
of the waste ash, 28-day cured specimens observed
a minimum reduction in compressive strength. Elongated curing shows an increasing pattern in strength
compared to 28-day cured samples, but the samples
with 5% dosage of the waste ash showed a decrease in
the strength. Also, the elongated curing is not common
in the field. Therefore, considering the 28-day curing as
the standard curing age, a minimum reduction equal
to 11.66% optimum dosage of sawdust ash is concluded
to be equal to 5%. At this dosage level, the reduction in
weight of concrete is observed to be equal to 2%. The
results showed that sawdust ash has good cementitious
properties and can be used in concrete without much
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#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Saw Dust
Ash (%)

0.0

2.5

5.0

7.5

10.0

12.5

15.0

7-Day Curing
Weight Comp. Str.
(Kg)
(MPa)
13.33
19.99
13.39
21.46
13.31
20.39
13.32
19.06
13.10
20.88
13.22
20.51
13.21
17.22
13.12
16.25
13.06
15.48
12.98
15.77
12.91
15.90
12.80
17.96
12.77
12.44
12.69
14.14
12.74
14.48
12.52
13.77
12.44
10.76
12.57
11.45
12.35
13.00
12.22
10.07
12.31
10.73
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28-Day Curing
Comp. Str.
Weight (Kg)
(MPa)
13.48
24.60
13.51
29.19
13.52
26.77
13.54
16.99
13.49
17.57
13.56
16.85
13.36
21.11
13.17
22.70
13.24
27.35
13.60
18.51
13.19
16.10
13.32
16.90
13.05
15.68
12.88
19.88
12.99
16.07
12.84
13.50
12.91
13.02
12.77
12.44
12.40
11.73
12.66
12.27
12.59
11.45

56-Day Curing
Comp. Str.
Weight (Kg)
(MPa)
13.36
18.09
13.29
21.34
13.33
19.86
12.91
19.14
13.24
19.70
13.01
20.62
13.26
21.82
12.88
20.74
13.16
20.03
12.83
22.83
12.94
21.41
12.87
20.62
13.09
24.70
13.18
20.95
12.81
22.21
13.03
20.99
13.00
22.48
12.77
20.83
12.65
14.53
12.71
16.90
12.53
16.40

TABLE 3: Weight and compressive strength of all specimens
#
1
2
3
4
5
6
7

Saw Dust
Ash (%)
0.0
2.5
5.0
7.5
10.0
12.5
15.0

Average Weight (kg)
7-Day 28-Day 56-Day
13.34
13.50
13.33
13.21
13.53
13.05
13.13
13.26
13.10
12.90
13.37
12.88
12.73
12.97
13.03
12.51
12.84
12.93
12.29
12.55
12.63

Compressive Strength (MPa)
7-Day 28-Day
56-Day
20.61
26.85
29.65
20.15
17.14
19.82
16.32
23.72
20.87
16.54
17.17
21.62
13.69
17.21
22.62
11.99
12.99
21.44
11.27
11.82
15.94

TABLE 4: Average weight and compressive strength of the specimens

Fig. 8: 7-Days curing

Fig. 9: 28-Days curing

5
loss of compressive strength. However, the observed reduction must be considered before deciding the use of
concrete in structural members. Concrete may initially
be used in low load areas.

Conclusion

Based on the obtained results from laboratory investigations for the proposed concrete, it is concluded that:
a) The workability of concrete with sawdust ash
reduces with the increase in the dosage of the ash.
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Fig. 10: 56-Days curing

Fig. 11: Percentile reduction

b) Higher water demand of the concrete should be
addressed while selecting the w/c ratio, otherwise
mechanical effort or admixture will be required to
maintain the workability.
c) Introduction of sawdust ash in concrete helps
in producing light-weight concrete. A maximum
decrease of 7.87% in the weight is observed at
sawdust ash dosage of 15%.
d) Compressive strength results show reduction of
11.66% at 5% replacement of cement with sawdust ash for 28-day cured specimens. Hence, 5%
replacement is concluded as the optimum.
e) Although, elongated curing shows improvement
in compressive strength results, but in comparison
to 28-day cured specimens the percentile reduction is higher.
It is concluded that waste ash has good cementitious
properties and a 5% dosage may be used in new concrete. However, reduction in strength must be considered before deciding its specific structural component.
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