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Abstract

The increasing demand for sustainable construction materials has encouraged the utilization of industrial and agricultural waste in concrete
production. This study presents an experimental investigation on epoxy resin-based polymer modified concrete incorporating sawdust as a
partial replacement for fine aggregate. Sawdust, a biodegradable waste material, was used at an optimum replacement level of 10% by weight
of fine aggregate, while epoxy resin was added as 5% and 10% to enhance the binding characteristics of the concrete matrix. experimental
program was carried out to evaluate the mechanical properties such as characteristic strength, split tensile strength, and flexural strength were
evaluated at 7 and 28 days. The results indicate that the incorporation of epoxy resin significantly improves the bonding between cement paste
and sawdust, it leads to increase the strength and reduce the crack propagation. The optimum performance was identified at M4 that is 5%
sawdust with addition of 5% epoxy resin. Overall, the study demonstrates that addition of epoxy resin and sawdust can be utilized effectively
to develop eco-friendly, high-performance concrete suitable for sustainable construction applications.
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1. Introduction

Concrete is widely used in construction across the world due to its adaptability, strength and durability. Yet the rapid growth of infrastructure
development has led to an increased demand for natural resources such as river sand and aggregates. This resulting in their depletion and
causing serious environmental concerns (Ferdous W et al., 2020; Modesti, L. A et al., 2020). At the same time, the large quantities of agricultural
and industrial wastes are being generated thus creating disposal challenges (Siddique R et al., 2020). In this context the utilization of waste
materials in the concrete production has gained significant attention to sustainable and eco-friendly approach.

Amongst various waste materials sawdust is an ample byproduct of the timber industry and it is a biodegradable material that can be effectively
utilized as a partial replacement for fine aggregate (Venkatesh, B., & Kumar, G. R., 2018). This incorporation not only reduces environmental
burden but also contributes to the improved ductility and crack resistance of the concrete (Fapohunda, C, et al., 2018). Still the use of wood
based materials may affect the strength and bonding characteristics of conventional concrete to enhance its performance.

Polymer modification of the concrete has occurred an effective technique to improve mechanical and durability properties (Jokhio, G. A., et
al. 2021). Epoxy resin is the excellent adhesive properties, high strength, and resistance to chemicals and moisture (Nodehi M, 2022; Resan,
S. A. F. et al., 2020). The addition of epoxy in the concrete can significantly enhance the bonding between cement paste and aggregates that
improves strength and reducing crack propagation. In this study an investigation has been made to develop a sustainable polymer modified
concrete by incorporating sawdust as a partial replacement as fine aggregate and adding epoxy resin as a binding agent (M. A. Farooqi & N.
Mirza, 2023). The mechanical properties such as compressive strength, split tensile strength, and flexural strength were evaluated at the age of
7 and 28 days (Idrees, M et al., 2022). The objective of the study is to assess the probability of producing high performance and eco-friendly
concrete suitable for modern construction applications.

2. Materials used

2.1 Cement, Fine aggregate and Coarse aggregate

In this investigation Portland Pozzolana Cement (PPC) conforming to IS 1489 (Part 1):1991 was used with the measured specific gravity of
3.05. The fineness was 320 m*kg indicating adequate particle refinement for high strength concrete applications. In this investigation the fine aggregate was
used as crushed manufactured sand and selected from a locally approved quarry source. The material exhibited a specific gravity of 2.60 and a water absorption
value of 2.5%, indicating stable physical characteristics. Its particle size distribution was well controlled, with angular particles that enhanced internal friction
and contributed to improved cohesion and packing within the concrete mix. The coarse aggregate used from crushed granite stone obtained from a local quarry
with a size of 20 mm was adopted to ensure compatibility with structural concrete requirements. The aggregate exhibited a specific gravity of 2.60, water
absorption of 2% and impact value of 20%. This conformed that adequate resistance to sudden loads.

2.2 Epoxy as modifier

The epoxy resin nitobond EP was used as epoxy resin system as a polymer modifier to enhance the mechanical and durability performance of
concrete. The system consisted of a Bisphenol-A—based epoxy resin as the base component and 4,4’-methylenediamine as the curing agent
with the dibutyl phthalate incorporated as a plasticizer to improve flexibility and workability. This epoxy system is widely used in structural
bonding, surface protection, and repair applications, due to its high adhesive strength, low shrinkage, and excellent chemical resistance. The
properties of nitobond EP is presented in the table 1.

Figure 1: Epoxy Resin Nitobond EP
Table 1: Properties of Epoxy Resin Nitobond EP

Property Typical Value
Specific gravity 1.2
Bulk density 250 kg/m?
Water absorption 75%
Particle size range <475 mm
Thermal conductivity Low
Chemical composition Cellulose, hemicellulose, lignin
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2.5 Sawdust
Sawdust is a lignocellulosic waste material obtained from wood processing industries and it was used as a partial replacement for fine aggregate
to enhance sustainability. The material was collected from a local timber unit and processed through drying and sieving to obtain the uniform
particle grading suitable for concrete production. The specific gravity is 1.15, and water absorption is 5%, was found from the experimental
investigation. The properties of sawdust is presented in the table 2.

Table 2: Properties of Sawdust

Property Typical Value
Specific gravity 1.15
Water absorption 5%
Viscosity Medium
Setting mechanism (_Zhemlcal | cross-

linking reaction

Bond strength Very high
Shrinkage Very low
Chemical resistance Excellent
Permeability Very low
Thermal stability Good

3. Methodology, Mix Design and Proportions
The present investigation M40 grade of concrete is made to investigate the mechanical behaviour of polymer modified concrete. The 10% of
saw dust is used as partial replacement of fine aggregate for all the mixes. Further epoxy resin nitobond EP is used as a polymer modifier for
5% and 10 % to enhance interfacial bonding and matrix compactness. Sawdust was introduced to reduce material density and improve
sustainability. Various specimens are casted to investigate the mechanical properties such as compressive strength, flexural strength, split tensile
strength of polymer modified concrete. The different mix proportions of polymer modified concrete is presented in the table 3.

Table 3: Mix proportions of Sawdust and Epoxy Resin for Polymer Modified Concrete

Mix ID Sawdust (%) Epoxy (%) Water
MO (Control) 0 0 0.45
M1 5 0 0.45
M2 10 0 0.45
M3 0 5 0.45
M4 5 5 0.45
M5 10 5 0.45
M6 0 10 0.45
M7 5 10 0.45
M8 10 10 0.45

4. Experimental investigation

Three categories of concrete specimens were prepared to evaluate the influence of epoxy resin and sawdust on the performance of M40 grade
concrete. This included a conventional control concrete mix. The first modified mix containing 5% epoxy resin as partial replacement of cement
and 10% sawdust as partial replacement of fine aggregate. The second modified mix containing 10% epoxy resin as a partial replacement of
cement with 10% the same level of sawdust substitution. Similarly for each mix category, 12 specimens were cast with six specimens for testing
at 7 days and the remaining six at 28 days mechanical properties. Each specimen was clearly labeled with its mix designation such as M1 to
MBS, and curing age to facilitate systematic evaluation and comparison. The proportions of cement, fine aggregate, coarse aggregate, water,
epoxy, and sawdust were calculated to maintain a consistent water-cement ratio of 0.45 across all mixes. Epoxy Polymer and Hardener mixed
at 2:1 ratio as per the manufacturer’s guidelines into the concrete mix. In accordance with IS 516:1959 the compressive strength testing of
M40-grade concrete was carried out at 7 and 28 days to assess its performance. Figure 2 and figure 3 represented the mix preparation and
investigation of polymer modified concrete.

Figure 3: Testing of Hardened Concrete
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5. Results and Discussion
5.1 Characteristics Strength of Concrete
The results of the compression test are indicated in the table below where the saw dust is used as constant and the epoxy replacement is varied.
The compressive strength of concrete improved with the combined incorporation of sawdust and epoxy resin up to an optimum replacement
level (Mix 4), after which a reduction was observed. The 28 days strength increased by about 23% compared to the control mix due to improved
interfacial bonding and better particle packing. In contrast concrete with only sawdust replacement showed a continuous decrease in strength
with a reduction of about 26% mainly due to higher porosity and weaker bonding of wood aggregates. Epoxy resin alone increased compressive
strength by about 22% up to the optimum level. Due to excess epoxy resin and poor aggregate interlocking the strength reduced gradually. At
the optimum mix the combined replacement exhibited significantly higher strength. The M1 sawdust only concrete and slightly higher strength
than M4 epoxy only concrete demonstrating a synergistic effect between epoxy resin and sawdust in enhancing the concrete performance. The
compressive strength of different mix proportions is presented in the figure 4, figure 5 and figure 6. The result shows that the combination of
saw dust and epoxy resin in M4 is found to be optimum and giving higher compressive strength comparing to other mixes.

Compressive Strength (Only Sawdust Replacement)
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Figure 4: Characteristic Strength of concrete with replacement of sawdust
Compressive Strength (Only Epoxy Replacement)
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Figure 5: Characteristic Strength of concrete with only Epoxy replacement
Compressive Strength (Sawdust + Epoxy)
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Figure 6: Characteristic Strength of concrete with sawdust and Epoxy replacement
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5.2 Split Tensile Test

The split tensile strength of polymer modified concrete is investigated at the age of 7 and 28 days. The split tensile strength results are presented
in the figure 7 to figure 9 and exhibited a moderate increase with material incorporation. The split tensile strength in the 10% replacement of
epoxy resin achieving the highest value at 28 days compared to the control mix. This improvement is primarily due to enhanced interfacial
bonding and reduced micro crack propagation under indirect tensile stress. The 5% replacement of epoxy showed only marginal variation
indicating that lower replacement levels contribute limited tensile enhancement. The split tensile strength results shows that the addition of
sawdust and epoxy resin significantly influences the tensile behaviour of concrete. The combination of sawdust and epoxy resin improved the
strength up to the M4 and achieving about 26% higher strength than the control mix. In contrast concrete with only sawdust replacement
showed a reduction of about 27% in M4 compared to conventional mix mainly because of the porous nature and lower stiffness of wood
particles. Concrete containing only epoxy resin also improved tensile strength by about 26% at the M4, although excessive epoxy slightly

reduced strength. Overall, the combined mixture demonstrated the good performance and indicating a beneficial interaction between epoxy
resin and sawdust in improving the concrete properties.

Split Tensile Strength (Only Sawdust Replacement)
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Figure 7: Split tensile Strength of concrete with replacement of sawdust
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Figure 8: Split tensile Strength of concrete with only Epoxy replacement

Split Tensile Strength (Sawdust + Epoxy)
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Figure 9: Split tensile Strength of concrete with sawdust and Epoxy replacement
5.3 Flexural Strength
Flexural strength of polymer modified concrete was investigated at 7 and 28 days for various samples from MO to M8. The figure 10 to figure
12 demonstrated flexural strength of polymer modified concrete. The 10% replacement of epoxy resin mix recorded the maximum value at 28
days. The control and 5% epoxy resin mixes showed nearly similar behaviour, confirming that optimum replacement is necessary for noticeable
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improvement in the flexural capacity. The flexural strength results indicate that the incorporation of sawdust and epoxy resin significantly
affects the bending performance of concrete. The combination of sawdust and epoxy resin mixture exhibited the highest flexural strength and
increasing up to the mix M4. The 28 days flexural strength improving by the strength by 22% compared with the control mix (MO0). In contrast
concrete containing only sawdust showed a reduction in flexural strength of about 26% compared to conventional mix (M0), mainly due to the
higher porosity and lower stiffness of wood particles. Concrete incorporating only epoxy resin is also demonstrated improved performance
with an increase of about 21% up to the optimum replacement level M4. Overall the results indicate a beneficial interaction between epoxy
resin and sawdust which enhances the flexural behaviour of polymer modified concrete.

Flexural Strength (Only Sawdust Replacement)
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Figure 10: Flexural Strength of concrete with replacement of sawdust
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Figure 11: Flexural Strength of concrete with only Epoxy replacement
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Figure 12: Flexural Strength of concrete with sawdust and Epoxy replacement

5.4 Fire testing

This experiment conducted an assessment of polymer-modified fire resistance. Mortar (PMM) on a 3-hour [22] ISO 834-11: 2014 fire test.
Specimens made of concrete with 0, 5, and 10 PMM were made. Tested to determine spalling behavior. Moisture content (4%— Fibres
reinforcing and 8%) were also taken into account because they were the ones that had been considered. influence fire performance. The findings
show that polymer-modified mortar (PMM) increases the fire resistance to some limit. The 5% PMM mix exhibited the highest fire performance
with minimum. spalling, which is consistent with the study, indicating that PMM above 8% content is prone to spalling. To maintain fire
resistance and durability, a good PMM range of 5 percent, 8 percent. is recommended. More research can streamline fiber. fire additives and
reinforcements.
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PMM Content Spalling Observations Fire Resistance Performance

0% PMM Slight to no spalling Moderate resistance

5% PMM No to small spalling Improved resistance

10% PMM Partial spalling Increased vulnerability

Table 3: Fire testing results of polymer concrete specimens
6. Conclusion
This study examined the effect of incorporating epoxy resin and wood-based aggregates on the mechanical performance of M40 grade concrete.
Based on the experimental results obtained from compressive strength, split tensile strength, and flexural strength tests, it was observed that
the combined use of epoxy resin and sawdust significantly enhances the overall behaviour of concrete up to an optimum replacement level
(Mix M4). At 28 days, the compressive strength increased by approximately 23%, while the split tensile and flexural strengths improved by
about 26% and 22%, respectively, compared with the conventional control mix. The improvement in strength can be attributed to the enhanced
bonding characteristics provided by epoxy resin and the improved stress distribution within the concrete matrix. Concrete containing only
sawdust replacement showed a gradual reduction in strength with increasing replacement levels. This reduction is mainly connected with the
porous nature, lower density, and weaker mechanical properties of wood particles, which reduce the overall stiffness of the concrete matrix.
On the other side the mix containing only epoxy resin demonstrated noticeable improvements in strength up to the optimum level M4, after
that a slight decrease was observed due to reduced aggregate interlocking at higher polymer contents in the mechanical behaviour. The results
indicate that the combination of epoxy resin and sawdust produces the most balanced and improved mechanical performance among all mixes
studied. The findings suggest that this modified concrete has the potential to enhance structural performance that also contributing to the
sustainable construction practices through the use of natural wood based materials.
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