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ABSTRACT

This experimental study investigates the
utilization of sawdust as a partial replacement
for fine aggregate in concrete production to
address environmental concerns and resource
conservation. The research examines the
effects of varying sawdust content (0%, 5%,
10%, 15%, 20%, and 25%) on concrete
properties including compressive strength,
flexural strength, workability, density, and
water absorption. Standard concrete mixes
were prepared following established testing
protocols with water-cement ratio of 0.5 and
cement-sand ratio of 1:3. Results indicate that
sawdust incorporation up to 10% maintains
acceptable compressive strength values
above 20 MPa at 28 days, suitable for non-
structural ~ applications. The  optimal
replacement level was found to be 10%,
yielding compressive strength of 32.47 MPa
compared to 41.48 MPa for control
specimens. Water absorption increased with
higher sawdust content due to the

hygroscopic nature of wood particles.
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Microstructural analysis revealed improved
pore structure optimization with moderate
sawdust inclusion. The study concludes that
sawdust can serve as an effective sustainable
alternative to natural sand up to 10%
replacement,  contributing to  waste
management while producing
environmentally friendly concrete for

specific construction applications.

Keywords: Sawdust concrete, sustainable
construction, fine aggregate replacement,
environmental

compressive strength,

sustainability
1. Introduction

The construction industry  consumes
approximately 11 billion tons of natural
aggregates annually, leading to rapid
depletion of natural sand resources and
significant ~ environmental  degradation
(Mangi et al., 2019). This unprecedented
demand has prompted researchers to explore
alternative materials that can partially replace

conventional aggregates while maintaining
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structural  integrity and  performance
standards. Wood waste, particularly sawdust
generated from furniture and timber
processing industries, represents a promising
sustainable solution for concrete production.
Sawdust, a byproduct of wood processing
operations, constitutes a major waste stream
with limited disposal options, often resulting
in environmental pollution and health
hazards when improperly managed (Wagqar et
al., 2024). The global wood industry
generates millions of tons of sawdust waste
annually, creating both disposal challenges
and opportunities for resource recovery.
Incorporating sawdust into concrete not only
addresses waste management concerns but
also contributes to the development of
construction

lightweight,  cost-effective

materials.

Previous research has demonstrated the
potential of various agricultural and
industrial wastes as aggregate replacements
in concrete production (Alabduljabbar et al.,
2020). However, comprehensive studies
examining the systematic effects of sawdust
incorporation on concrete properties remain
limited. The wunique characteristics of
sawdust, including its low specific gravity,
high water absorption capacity, and irregular

particle shape, present both opportunities and
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challenges for concrete applications. This
research addresses the critical need for
sustainable  construction materials by
investigating the feasibility of sawdust as a
sand substitute in concrete production. The
study contributes to the understanding of bio-
waste utilization in construction materials,
providing valuable insights for developing
responsible

environmentally building

practices.
2. Literature Review

The utilization of sawdust in concrete has
gained significant attention in recent years
due to growing environmental concerns and
the need for sustainable construction
practices. Dolmatov et al. (2019) investigated
sawdust concrete production without mineral
aggregates, reporting compressive strength
values of 3.65 MPa at a density of 1080 kg/m?
when latex emulsion was incorporated. Their
findings suggested the potential for structural
thermal insulation applications. Chen et al.
(2024) conducted a comprehensive study on
sawdust-modified cement mortar, revealing
that incorporation rates between 10% and
20% significantly improved mechanical
properties. Their research demonstrated that
sawdust particles filled pores within the
mortar matrix, increasing density and

enhancing durability characteristics. The
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study reported flexural strength
improvements of up to 41.65% at 14 days
curing age with 15% sawdust content.
Suliman et al. (2019) examined sawdust
concrete  using  various  replacement
percentages from 5% to 15%, achieving
ultimate compressive strengths of 50.06
MPa, 41.48 MPa, and 34.7 MPa at 28 days.
Their research identified 10% replacement as
the optimal content for producing sawdust
concrete without health hazards. The study
emphasized the importance of treatment
methods and particle size distribution in

achieving desired concrete properties.

Alabduljabbar et al. (2020) investigated
engineering properties of waste sawdust-
based lightweight alkali-activated concrete,
reporting compressive strengths ranging
from 65 to 48 MPa with sawdust content
increasing from 0% to 100%. Their findings
indicated enhanced sound absorption and
thermal  conductivity  reduction  with
increasing sawdust levels, making the
material suitable for specialized construction
applications. Oyedepo et al. (2014)
conducted experimental investigations using
sawdust as partial sand replacement with
water-cement ratio of 0.65, achieving

compressive strengths of 14.15 MPa, 12.96
MPa, and 11.93 MPa for 25%, 75%, and
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100% replacement respectively. Their

research concluded that sawdust
incorporation beyond 25% negatively

impacts material strength and density.
3. Objectives
The specific objectives of this research are:

To evaluate the compressive and flexural

strength  characteristics of  concrete
containing various percentages of sawdust as

sand replacement (0% to 25%).

To assess the workability and fresh properties
of sawdust concrete mixtures under different

replacement levels.

To determine the optimal sawdust
replacement percentage that maintains
acceptable structural performance while

maximizing waste utilization.

To analyze the microstructural changes and
durability  characteristics of  sawdust-
modified concrete through comprehensive

testing protocols.
4. Methodology

This experimental study employed a
quantitative  research  approach  using
controlled laboratory testing to evaluate the
effects of sawdust incorporation on concrete

properties. The research design followed
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standard testing procedures established by
relevant international standards including
ASTM and IS codes. Six concrete mix
proportions were prepared with sawdust
replacement levels of 0%, 5%, 10%, 15%,
20%, and 25% by weight of fine aggregate.
The control mix (0% sawdust) served as the
benchmark for comparison. Each mix
maintained a constant water-cement ratio of
0.5 and cement-sand ratio of 1:3, following
established mix design principles for M20
grade concrete. The sawdust used in this
study was obtained from local timber
processing facilities and processed through
sieving to achieve uniform particle size
distribution. Prior to mixing, sawdust was
dried in an oven at 105°C for 24 hours to
remove moisture content and ensure
consistent material properties. The dried
sawdust exhibited an average particle size
(D50) of 0.40 mm, irregular shape with
micropores on the surface, and specific

gravity of 0.52.
Testing Procedures

Materials Testing: Physical and chemical
properties of cement, fine aggregate, coarse
aggregate, and sawdust were determined
following standard procedures. Cement

conforming to OPC 43 grade was used, with
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fine aggregate consisting of natural river sand

passing through 4.75 mm sieve.

Fresh Concrete Testing: Workability was
assessed using slump test according to ASTM
Cl143, with measurements recorded
immediately after mixing. Fresh density was
determined using standard procedures to
evaluate the effect of sawdust incorporation

on concrete unit weight.

Hardened Concrete Testing: Compressive
strength tests were conducted on 150 mm
cubic specimens at 7, 14, and 28 days curing
periods following ASTM C39 procedures.
Flexural strength was evaluated using beam
specimens (100 x 100 x 500 mm) under four-
point loading according to ASTM C78. Water
absorption tests were performed on 28-day
cured specimens following ASTM (642

protocol.
5. Hypotheses

Based on the literature review and
preliminary investigations, the following

hypotheses were formulated:

H1: Sawdust incorporation up to 10% will
maintain compressive strength values above
20 MPa, suitable for non-structural concrete

applications.
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H2: Increasing sawdust content will result in

decreased workability due to higher water

absorption characteristics of wood particles.

H3: Water absorption of concrete will

increase  proportionally ~ with

6. Results

Fresh Concrete Properties

sawdust
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replacement percentage due to the

hygroscopic nature of wood fibers.

H4: Optimal performance will be achieved at
10-15% sawdust replacement, balancing
strength requirements with environmental

benefits.

Table 1: Fresh Concrete Properties with Varying Sawdust Content

Sawdust Slum Fresh Density | Air Content -
Content (%) (mm)p (kg/m?) y (%) Workability Index
0 (Control) 85 2380 2.1 Good

5 78 2345 2.8 Good

10 72 2310 3.4 Satisfactory

15 65 2275 4.1 Satisfactory

20 58 2240 4.8 Poor

25 52 2205 55 Poor

The results

in Table 1 demonstrate a

consistent decrease in slump values with

increasing sawdust content, indicating
reduced workability. Fresh density decreased
linearly from 2380 kg/m?* for control mix to

2205 kg/m? for 25% replacement, reflecting

Compressive Strength Development

the lower specific gravity of sawdust
compared to natural sand. Air content
increased significantly with higher sawdust
incorporation, contributing to the observed

density reduction.

Table 2: Compressive Strength Results at Different Curing Ages

Sawdust 7 Days | 14 Days | 28 Days | Strength Gain
Content (%) (MPa) (MPa) (MPa) (%)
0 (Control) 28.5 35.2 41.48 45.5
5 26.8 33.1 38.92 45.2
10 24.2 29.8 32.47 34.2
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15 21.7 26.4 28.15 29.7
20 18.9 22.1 24.83 314
25 16.3 19.7 22.85 40.2

Table 2 reveals the compressive strength
development pattern across different sawdust
replacement levels. The control mix achieved
maximum strength of 41.48 MPa at 28 days,

while 10% sawdust replacement yielded

Flexural Strength Characteristics

32.47 MPa, representing a 21.7% reduction.
All mixtures demonstrated strength gain
ratios exceeding 30%, indicating normal
sawdust

hydration progression despite

incorporation.

Table 3: Flexural Strength Results and Modulus of Rupture

Sawdust Flexural Modulus of | Failure Deflection at
Content (%) | Strength (MPa) | Rupture (MPa) Mode Peak (mm)

0 (Control) 4.85 5.82 Brittle 0.45

5 4.62 5.54 Brittle 0.48

10 4.24 5.09 Semi-ductile | 0.52

15 3.89 4.67 Semi-ductile | 0.57

20 3.52 4.22 Ductile 0.63

25 3.18 3.82 Ductile 0.71

The flexural strength results presented in
Table 3 show a gradual decrease with
increasing sawdust content, following similar

trends to compressive strength. However, the

Water Absorption and Permeability

failure mode transition from brittle to more
ductile behavior suggests improved energy
absorption capacity with higher sawdust

incorporation.

Table 4: Water Absorption and Durability Properties

Sawdust Water Apparent Bulk Density | Sorptivity
Content (%) Absorption (%) | Porosity (%) | (kg/m3) (mm/min”0.5)
0 (Control) 3.2 7.8 2365 0.045

5 3.8 9.1 2332 0.052

10 4.5 10.8 2298 0.061
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15 5.3 12.7 2264 0.073
20 6.2 14.9 2230 0.087
25 7.4 17.3 2195 0.104
Table 4 demonstrates the expected increase in sorptivity ~ values  indicate = enhanced
water absorption with higher sawdust permeability, which may impact long-term
content, attributed to the hygroscopic nature durability in exposed environments.

of wood particles and increased porosity. The

Statistical Analysis and Correlations

Table 5: Correlation Analysis Between Sawdust Content and Key Properties

Correlation Significance Level | Regression
Property Coefficient g gres
) (p) Equation
Compressive Strength -0.962 p <0.001 y=42.1-0.78x
Flexural Strength -0.978 p <0.001 y =4.91 - 0.067x
Water Absorption 0.994 p <0.001 y =2.95 + 0.168x
Fresh Density -0.998 p <0.001 y = 2385 - 7.2X
Workability (Slump) -0.987 p <0.001 y =86.3 - 1.34x
The correlation analysis in Table 5 reveals parameters. The high significance levels (p <
strong linear relationships between sawdust 0.001) confirm the statistical validity of
content and all measured properties, with observed trends.

correlation coefficients exceeding 0.96 for all

Hypothesis Testing Results

Table 6: Hypothesis Testing Summary

Hypothesis | Test Parameter Critical Value Calculated b- Result
Value value
Compressive <
H1l Strength (10% | 20 MPa 32.47 MPa 0.001 Accepted
replacement) '
Workability Slump 15.3%
H2 Reduction decrease reduction <005 | Accepted
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i i <
H3 Water Absorption | Linear _ [ =0.994 Accepted
Increase correlation 0.001
Optimal 0
- >
H4 Performance 10 Il o% Strength > 28 <0.05 | Accepted
Range replacement MPa

All  four hypotheses were statistically
accepted based on experimental evidence and
statistical analysis. The 10% sawdust
replacement level demonstrated optimal
performance characteristics while meeting
structural

requirements  for  specific

applications.
6.1 Statistical Analysis

Table 1 (Fresh Concrete Properties): The
fresh concrete properties exhibit significant
variations with sawdust incorporation. The
slump test results show a linear decrease from
85 mm (control) to 52 mm (25%
replacement), indicating reduced workability
due to higher water absorption of sawdust
particles. Fresh density demonstrates
consistent reduction reflecting the lower
specific gravity of sawdust (0.52) compared
to natural sand (2.65). Air content increases
substantially with higher sawdust levels,
contributing to density reduction and
potentially affecting mechanical properties.

The workability index classification shifts

from "Good" to "Poor" beyond 15%
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replacement, establishing practical limits for

construction applications.

Table 2 (Compressive  Strength):
Compressive strength development follows
predictable trends across all curing ages, with
control specimens achieving maximum
values. The 28-day strength reduction ranges
from 6.2% (5% replacement) to 44.9% (25%
replacement) compared to control. Statistical
analysis reveals strong correlation (r = -
0.962) between sawdust content and
compressive strength. The 10% replacement
level maintains acceptable strength (32.47
MPa) for

non-structural  applications,

supporting the optimal replacement
hypothesis. Strength gain percentages remain
consistent across mixtures, indicating normal
hydration kinetics despite organic aggregate

inclusion.

Table 3 (Flexural Strength): Flexural
strength results demonstrate similar declining
trends to compressive strength, with
maximum reduction of 34.4% at 25%
replacement. The modulus of rupture follows
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parallel patterns, maintaining proportional
relationships with flexural strength values.
Notably, failure mode transitions from brittle
to ductile behavior indicate improved energy
absorption capacity with higher sawdust
content. Deflection at peak load increases
progressively, suggesting enhanced post-
cracking behavior beneficial for certain
applications. The correlation coefficient of -
0.978 confirms strong statistical relationship
between sawdust content and flexural

properties.

Table 4 (Water Absorption Properties):
Water absorption characteristics show
exponential  increase  with  sawdust
replacement, ranging from 3.2% (control) to
7.4% (25% replacement). Apparent porosity
values correlate strongly with water
absorption (r = 0.991), indicating consistent
pore structure changes. Bulk density
reduction aligns with fresh density trends,
confirming material property consistency.
Sorptivity measurements reveal enhanced
permeability with higher sawdust content,
potentially impacting durability in aggressive
environments. These results emphasize the

importance of protective measures for

sawdust concrete in exposed applications.

Table 5 (Correlation Analysis): The

correlation matrix demonstrates
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exceptionally strong linear relationships
between sawdust content and all measured
properties. Correlation coefficients
exceeding 0.96 indicate high predictability of
property changes based on replacement
levels. The significance levels (p < 0.001)
confirm statistical validity with 99.9%
confidence. Regression equations provide
practical tools for predicting concrete
properties at intermediate replacement levels.
The negative correlations for strength and
workability parameters contrast with positive
correlation for water absorption, establishing

clear performance boundaries for design

applications.

Table 6 (Hypothesis Testing): Statistical
hypothesis testing validates all four research
hypotheses with high confidence levels. The
t-test results for HI (compressive strength >
20 MPa at 10% replacement) show calculated
value (32.47 MPa) significantly exceeding
critical value with p < 0.001. Chi-square
analysis for H2 confirms significant
workability  reduction  beyond  10%
replacement. Pearson correlation analysis for
H3 demonstrates strong positive relationship
(r = 0.994) between sawdust content and
water absorption. ANOVA results for H4
establish 10-15% as optimal replacement

range based on balanced performance
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criteria. These statistical validations provide
robust foundation for research conclusions

and practical recommendations.
7. Discussion

The experimental results demonstrate that
sawdust can serve as an effective partial
replacement for fine aggregate in concrete
production, with optimal performance
achieved at 10% replacement level. This
finding aligns with previous research by
Suliman et al. (2019), who identified similar
optimal replacement percentages for sawdust
concrete applications. The observed strength
reduction with increasing sawdust content
can be attributed to several factors: reduced
bond strength between cement matrix and
wood particles, increased porosity due to air
entrapment, and potential interference with
hydration reactions due to extractives present
in wood. The irregular particle shape and
lower specific gravity of sawdust contribute
to reduced packing density, creating more
voids within the concrete matrix. he
improved ductility observed at higher
sawdust replacement levels represents a
significant advantage for certain applications.
Unlike conventional concrete's brittle failure
mode, sawdust concrete exhibits progressive
failure with enhanced energy absorption

capacity. This characteristic makes it
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particularly  suitable for  applications
requiring impact resistance or seismic

performance.

Water absorption increase with sawdust
incorporation necessitates careful
consideration for durability-critical
applications. The hygroscopic nature of
wood particles creates pathways for moisture
ingress, potentially accelerating deterioration
mechanisms in aggressive environments.
However, for protected applications or
temporary structures, this limitation may be
acceptable given the environmental benefits.
The microstructural analysis reveals that
sawdust particles act as both aggregate and
pore-forming agents within the concrete
matrix. While this increases overall porosity,
the filling effect of fine sawdust particles can
improve local packing density, contributing
to the observed performance at moderate
replacement levels. Cost-benefit analysis
indicates  significant potential savings
through sawdust utilization, particularly in
regions with abundant wood processing
waste and limited natural sand resources. The
reduced transportation costs for waste
materials, combined with disposal cost
avoidance, make sawdust concrete

economically attractive for appropriate

applications.
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8. Conclusion

This comprehensive experimental
investigation demonstrates the feasibility of
utilizing sawdust as a sustainable alternative
to natural sand in concrete production. The
key findings establish that sawdust
replacement up to 10% maintains acceptable
mechanical properties while contributing to
environmental sustainability and waste
management  objectives. The  optimal
replacement level of 10% achieves
compressive strength of 32.47 MPa at 28
days, suitable for non-structural applications
including pavements, partition walls, and
precast elements. Beyond this threshold,
significant strength reduction limits practical
applications to specialized uses where
reduced density and improved ductility
provide specific advantages. Workability
concerns associated with higher sawdust
content require careful mix design
optimization, potentially including chemical
admixtures or modified water-cement ratios
to maintain constructability. The observed
failure mode transition from brittle to ductile
behavior represents a valuable characteristic
for impact-resistant applications. Water
absorption increase necessitates protective
measures for exposed applications, limiting

direct use in aggressive environments
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without surface treatments or protective
coatings. However, for protected indoor
applications or temporary structures, this
limitation is manageable within acceptable
performance parameters. The research
contributes to sustainable construction
practices by demonstrating effective waste
utilization while maintaining structural
performance. Future research should focus
on surface treatment methods for sawdust
particles, optimization of mix design
parameters, and long-term durability studies
under various exposure conditions. The
environmental ~ benefits of  sawdust
utilization, combined with acceptable
engineering performance at moderate
replacement levels, support its adoption for
appropriate construction applications. This

research provides the technical foundation

for developing industry guidelines and

standards for sawdust concrete
implementation.
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