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Abstract 10 

The construction industry is a major contributor to global carbon emissions, primar-11 

ily due to the high cement content in concrete. This study explores the development of 12 

sustainable concrete tiles using bamboo fibers and fly ash as partial replacements for ce-13 

ment and fine aggregates. Bamboo fibers were incorporated to enhance tensile strength, 14 

while fly ash was used to reduce cement content and improve compressive properties. 15 

Lab experiments were conducted to evaluate the mechanical performance of the compo-16 

site. Our results indicate that an optimal mix of 2% bamboo fibers and 5% fly ash achieves 17 

a balance between strength and sustainability. These findings demonstrate the potential 18 

of this eco-friendly material for non-structural applications such as tiles, contributing to 19 

reduced carbon emissions and promoting sustainable construction practices. The environ-20 

mental impact of conventional concrete extends beyond just carbon emissions. The extrac-21 

tion of raw materials like sand, gravel, and limestone leads to habitat destruction and 22 

landscape degradation. The energy-intensive processes involved in quarrying, transport-23 

ing, and manufacturing cement and aggregates further contribute to the industry's envi-24 

ronmental footprint. Moreover, the vast quantities of water required for concrete produc-25 

tion add to the strain on freshwater resources, especially in water-scarce regions. Address-26 

ing these multifaceted environmental challenges necessitates a paradigm shift towards 27 

more sustainable material choices and production methods within the construction sector. 28 

Keywords: bamboo fibers; fly ash; sustainable concrete; carbon emissions; non-structural 29 

applications; eco-friendly materials; concrete tiles; green construction 30 

 31 

 32 

1. Introduction 33 

 1.1   Background and Context 34 

The construction industry is one of the largest contributors to global carbon emis-35 

sions, with cement production alone accounting for approximately 8% of the world’s CO₂ 36 

emissions [1]. Concrete, being the most widely used construction material, consumes vast 37 

amounts of natural resources and energy, leading to significant environmental degrada-38 

tion. While structural concrete requires high strength, non-structural applications such 39 
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as tiles offer an opportunity to incorporate eco-friendly materials with lower strength re-40 

quirements. 41 

Fly ash, a by-product of coal combustion, has been widely recognized for its poz-42 

zolanic properties, which contribute to the long-term strength and durability of concrete 43 

[2]. By replacing a portion of cement with fly ash, the carbon footprint of concrete produc-44 

tion can be significantly reduced [3]. Similarly, bamboo fibers, known for their high tensile 45 

strength and rapid renewability, offer a sustainable solution to improve the tensile prop-46 

erties of concrete [4]. The combination of these materials presents a unique opportunity to 47 

create eco-friendly concrete tiles that align with global sustainability goals [5]. Incorporat-48 

ing such alternatives not only promotes waste utilization but also encourages circular 49 

economy practices within the construction sector. These developments are gaining atten-50 

tion as industries shift toward greener building techniques. Moreover, using such compo-51 

sites in tile production can help balance environmental responsibility with functional and 52 

aesthetic performance. 53 

1.2   Research Gap 54 

While previous studies have explored the use of fly ash and bamboo fibers in struc-55 

tural concrete, limited research has been conducted on their application in non-structural 56 

elements such as tiles. Most studies focus on either fly ash or bamboo fibers individually, 57 

with little attention given to their combined use in lightweight, sustainable tiles [6], [7]. 58 

This research gap highlights the need for a comprehensive study on the development of 59 

sustainable concrete tiles using both fly ash and bamboo fibers. Such a study could bridge 60 

the gap between material innovation and practical application, especially in areas priori-61 

tizing low-cost and eco-conscious construction. A dual incorporation strategy may not 62 

only improve mechanical behavior but also enhance the aesthetic versatility of concrete 63 

tiles. Additionally, the integration of such materials can open new avenues in the prefab-64 

rication industry, where lightweight and durable products are increasingly in demand. 65 

1.3   Research Objectives and Significance 66 

This study's central aim is to create sustainable concrete tiles by incorporating bam-67 

boo fibers and fly ash, using them as partial substitutes for traditional cement and fine 68 

aggregates. Our specific objectives for this research include: 69 

 Evaluating the mechanical properties of these newly developed bamboo-fly 70 

ash concrete tiles. This means thoroughly testing their strength, durability, and other 71 

physical characteristics to ensure they meet performance expectations. 72 

Determining the optimal mix proportions of bamboo fibers and fly ash. The goal here is 73 

to find the perfect balance that maximizes both the tile's strength and its environmental 74 

benefits. 75 

 Assessing the environmental benefits gained by reducing the amount of ce-76 

ment used. This involves quantifying how the inclusion of fly ash and bamboo fibers con-77 

tributes to a lower carbon footprint in concrete production. 78 
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This research contributes to the growing body of knowledge on sustainable construc-79 

tion materials and provides a practical solution for reducing the environmental impact of 80 

concrete production. By leveraging industrial by-products like fly ash and renewable re-81 

sources like bamboo, this study aligns with global efforts to promote sustainable develop-82 

ment in the construction industry [7]. It emphasizes the importance of adopting resource-83 

efficient practices without compromising performance or durability. The outcomes of this 84 

work may inform future material guidelines and sustainable building codes. In doing so, 85 

the research not only advances academic inquiry but also supports real-world implemen-86 

tation of green construction strategies. 87 

2. Research Methodology  88 

2.1   Overview 89 

This study is centered on creating sustainable concrete tiles by incorporating bamboo 90 

fibers and fly ash. We carried out laboratory experiments to assess the mechanical char-91 

acteristics of this new composite material, specifically looking at its compressive strength, 92 

workability, and density. The subsequent sections will provide a detailed account of the 93 

materials, the mix designs, and the testing methods employed in this research. This me-94 

ticulous approach guarantees a deep understanding of how these environmentally 95 

friendly additives impact the basic properties of the concrete mix. This understanding, in 96 

turn, is crucial for determining whether the resulting tiles are suitable for practical, real-97 

world uses. While our primary focus was on mechanical properties, optimizing the mix 98 

design based on these initial tests implicitly addressed other important aspects like dura-99 

bility, how much water the tiles absorb, and their overall cost-effectiveness. 100 

2.2   Materials 101 

The materials used in this study included Ordinary Portland Cement (OPC) conform-102 

ing to ASTM standards, Class F fly ash obtained from a local thermal power plant, as 103 

shown in Figure 3. Cured Tiles, a. Before curing b. After curing 104 

2.7   Testing 105 

Compressive Strength: Tested using a Compression Testing Machine by ASTM  106 

C39 standards, as shown in Figure 4. 107 

Workability: Assessed using slump tests to ensure the mix was suitable for casting and 108 

handling.  109 

Tile testing: Concrete tiles were also fabricated and subjected to dedicated tests, in-110 

cluding flexural strength (ASTM C293), water absorption (ASTM C373), and load re-111 

sistance, simulating real-world application scenarios for roofing and ceiling panels. 112 

Figure 4. Tested tiles, a. Layers of aggregate b. Cracks appeared after loading 113 

 114 

 (Part b) treated bamboo fibers (Part a), locally available manufactured sand, crushed 115 

stone with a maximum size of 20 mm, and clean potable water for mixing and curing. 116 

Choosing these specific materials was incredibly important. The treated bamboo fibers 117 

and Class F fly ash are key to getting the sustainable concrete tiles to perform well, both 118 

mechanically and environmentally. Plus, by using aggregates and fly ash that were 119 

sourced locally, we further boosted the project's sustainability by cutting down on carbon 120 

emissions from transportation. 121 
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2.3   Mix Design 122 

Figure 1. Preparation of bamboo Fibers and their mixture, a. Bamboo Fibers, and b. Bamboo Fibers 123 

mixed with fly ash 124 

To begin, we used a standard concrete mix ratio of 1:2:4 (cement: fine aggregate: 125 

coarse aggregate). From this base, we created five different concrete compositions. One 126 

was a control mix, containing no fly ash or bamboo fibers. The other four mixes incorpo-127 

rated varying amounts of fly ash (5%, 10%, 15%, and 20%) and bamboo fibers (2%, 4%, 128 

6%, and 8%). This methodical approach to changing the proportions of fly ash and bam-129 

boo fibers will allow us to thoroughly analyze how each material, both individually and 130 

together, affects the concrete's properties. The specific percentages we chose for these ad-131 

ditives are practical for actual construction uses, helping us pinpoint the ideal amounts 132 

for making concrete tiles that are both stronger and more sustainable. 133 

2.4   Preparation of Bamboo Fibers 134 

Raw bamboo was cleaned, dried, and treated with a borax solution to enhance dura-135 

bility and resistance to biological degradation. The treated bamboo was ground and 136 

sieved to achieve the desired particle size [8]. Borax treatment is a critical step because 137 

organic materials like bamboo can easily absorb moisture and get attacked by microbes. 138 

By making the bamboo last longer and more stable, this treatment ensures the fibers help 139 

the concrete tiles in the long run instead of becoming a weak spot. Following this, the 140 

grinding and sieving processes were essential for getting a consistent particle size. This 141 

consistency directly affects how easily the concrete mix can be worked with and how 142 

evenly the fibers spread throughout it, which in turn, directly influences the final strength 143 

and performance of the tiles. 144 

2.5   Casting and Curing 145 

A total of 45 cylindrical specimens (150 mm diameter × 300 mm height) as shown in 146 

Figure 2 were cast to evaluate the mechanical properties of the bamboo and fly ash con-147 

crete mix. Each composition had 9 specimens, tested at curing ages of 7, 14, and 28 days. 148 

The fabricated concrete tiles were also demolded after 24 hours and cured in water for up 149 

to 28 days, as shown in Figure 3 to ensure proper hydration and strength development. 150 

(a) (b) 
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 151 

 152 

 153 

 154 

2.6   Density 155 

The density of the concrete decreased as the percentage of fly ash and bamboo fibers 156 

increased. The mix with 2% bamboo fibers and 5% fly ash had a density of 2300 kg/m³, 157 

while the mix with 4% bamboo fibers and 10% fly ash had a density of 2200 kg/m³ [9]. This 158 

makes sense because both fly ash and bamboo fibers are generally lighter than the cement 159 

and aggregates, they replaced. 160 

The fact that these additives make the concrete lighter is a big plus, especially for 161 

things like tiles that don't need to hold up heavy loads. It means lower transportation costs 162 

and tiles that are easier to handle and install. This also helps reduce the overall weight of 163 

buildings, which can lead to more efficient and potentially less costly structural designs. 164 

 165 

Figure 3. Cured Tiles, a. Before curing b. After curing 166 

2.7   Testing 167 

Compressive Strength: Tested using a Compression Testing Machine by ASTM  168 

C39 standards, as shown in Figure 4. 169 

Workability: Assessed using slump tests to ensure the mix was suitable for casting and 170 

handling.  171 

    

b) 

Figure 2. Casting and Curing, a. Specimens Submerged in a curing tank, and b. Specimens 

were placed for air curing before testing 

 

(a) (b) 

(a) (b) 
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Tile testing: Concrete tiles were also fabricated and subjected to dedicated tests, in-172 

cluding flexural strength (ASTM C293), water absorption (ASTM C373), and load re-173 

sistance, simulating real-world application scenarios for roofing and ceiling panels. 174 

Figure 4. Tested tiles, a. Layers of aggregate b. Cracks appeared after loading 175 

 176 

2.8   Water Absorption 177 

Water absorption tests were conducted on the bamboo-fly ash concrete tiles to eval-178 

uate their moisture resistance and overall durability. The test followed ASTM 179 

C140/C140M standards. Specimens were dried, weighed, submerged in water for 24 180 

hours, and re-weighed to calculate absorption as illustrated in . 181 

 182 

Table 1. 183 

 184 

Table 1. Water Absorption Results of Bamboo-Fly Ash Concrete Tiles 185 

 186 

All values remained below 5%, indicating that the tiles possess adequate resistance 187 

to water absorption for ceiling and roofing use. 188 

2.9   Flexural Strength 189 

   The flexural strength of the concrete tiles was tested using the three-point bending 190 

method according to ASTM C293/C293M, as mentioned in Table 2. This evaluates the tile's 191 

ability to resist cracking or failure under bending loads, which is a key factor for roof and 192 

ceiling tiles. 193 

Mix ID Bamboo Fibers (%) Fly Ash (%) Dry Weight (g) Wet Weight (g) Water Absorption (%) 

T1 2 5 1950 1995 2.31 

T2 4 10 1940 1998 2.99 

T3 6 15 1925 1990 3.38 

T4 8 20 1910 1985 3.93 

(a) (b) 



Fusion Journal of Engineering & Sciences 2025 7 of 12 
 

Table 2. Flexural Strength of Bamboo-Fly Ash Concrete Tiles 194 

Although strength decreased slightly with higher bamboo and fly ash content, all mixes remained 195 

within safe limits for non-structural applications. 196 

3. Results 197 

The results of this study demonstrate the feasibility of using bamboo fibers and fly 198 

ash in the production of sustainable concrete tiles. The following sections present the find-199 

ings for compressive strength, workability, and density. 200 

3.1   Compressive Strength of Cylinders 201 

Compressive strength results for the bamboo-fly ash concrete mixes are summarized 202 

in . 203 

 204 

Table 1. The mix with 2% bamboo fibers and 5% fly ash achieved the highest com-205 

pressive strength of 19.36 MPa at 28 days [10] which is shown in Table 3. This finding is 206 

particularly significant as it demonstrates that incorporating these sustainable materials 207 

can still result in concrete tiles with adequate strength for non-structural applications. The 208 

optimal combination of 2% bamboo fibers and 5% fly ash appears to strike a balance be-209 

tween enhancing sustainability and maintaining crucial mechanical properties. This result 210 

offers valuable insights for developing eco-friendly concrete products without compro-211 

mising performance. 212 

Table 3. Compressive Strength of Bamboo-Fly Ash Concrete Mixes 213 

Mix 

ID 

Bamboo Fibers 

(%) 

Fly Ash 

(%) 

7-Day Strength 

(MPa) 

14-Day Strength 

(MPa) 

28-Day-Strength 

(MPa) 

M1 2 5 13.43 10.2 19.36 

M2 4 10 10.2 12.6 18.2 

 214 

3.2   Compressive Strength of Tiles 215 

Compressive load tests were also performed on the tile specimens to examine their 216 

overall load-bearing potential, as shown in Table 4. While compressive strength is not the 217 

Mix 

ID 

Bamboo Fibers 

(%) 

Fly Ash 

(%) 

Tile Thickness 

(mm) 

Flexural Load 

(kN) 

Flexural 

Strength (MPa) 

T1 2 5 20 0.95 2.80 

T2 4 10 20 0.85 2.50 

T3 6 15 20 0.78 2.30 

T4 8 20 20 0.72 2.10 
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primary concern for tiles, this test provides useful insights into the durability and me-218 

chanical resistance of the tile matrix. The procedure was adapted from ASTM C39. This 219 

additional testing is a crucial step in comprehensively evaluating the performance of the 220 

eco-friendly concrete tiles. Even though tiles are not typically subjected to high compres-221 

sive loads in their application, understanding their resistance to localized pressure or im-222 

pact is vital for ensuring their longevity and functionality. By adapting a standard proce-223 

dure like ASTM C39, the researchers ensure that the results are reliable and comparable 224 

to other concrete materials, further validating the potential of these sustainable tile com-225 

positions. 226 

Table 4.  Compressive Load Capacity of Bamboo-Fly Ash Concrete Tiles 227 

The tiles showed moderate compressive load capacity, sufficient for typical handling 228 

and installation loads, confirming their applicability for non-load-bearing architectural 229 

components. 230 

3.3   Workability 231 

The workability of the concrete mixes was assessed using slump tests. The mix 232 

with 2% bamboo fibers and 5% fly ash achieved the highest compressive strength of 19.36 233 

MPa at 28 days for cylinders [5], and 1.80 MPa for the tiles, while the mix with 4% bamboo 234 

fibers and 10% fly ash showed reduced workability [11] as shown in Figure 5. Workability 235 

assessment of Bamboo-Fly Ash Concrete Mixes, a. Slump Test, and b. Workability com-236 

parison of different concrete mixes based on slump test results. This observation regard-237 

ing workability is significant as it directly impacts the ease of placement and finishing of 238 

the concrete. While the 2% bamboo and 5% fly ash mix demonstrate superior strength, the 239 

reduced workability of mixes with higher additive percentages highlights a potential chal-240 

lenge. This suggests that optimizing the mix design for both strength and workability is 241 

crucial for practical applications, potentially requiring the use of superplasticizers or ad-242 

justments to the water-cement ratio to maintain flowability without compromising other 243 

desired properties. 244 

 245 

Mix 

ID 

Bamboo Fibers 

(%) 

Fly Ash 

(%) 

Tile Area 

(cm²) 

Load at Failure 

(kN) 

Compressive Strength 

(MPa) 

T1 2 5 400 7.20 1.80 

T2 4 10 400 6.60 1.65 

T3 6 15 400 5.80 1.45 

T4 8 20 400 5.20 1.30 

(a) (b) 
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Figure 5. Workability assessment of Bamboo-Fly Ash Concrete Mixes, a. Slump Test, and b. Work-246 

ability comparison of different concrete mixes based on slump test results. 247 

4. Practical Implementation 248 

The findings of this study have significant practical implications for the construction 249 

industry, particularly in the development of eco-friendly and sustainable building mate-250 

rials [12], [13]. By replacing a portion of cement with fly ash and incorporating bamboo 251 

fibers, the proposed concrete mix offers a viable solution for reducing the carbon footprint 252 

of construction projects while maintaining adequate mechanical properties for non-struc-253 

tural applications such as tiles and ceilings. 254 

The use of fly ash as a partial replacement for cement significantly reduces carbon 255 

emissions associated with concrete production, aligning with global efforts to promote 256 

sustainable construction and meet environmental regulations. The reduced density of 257 

bamboo-fly ash concrete makes it ideal for lightweight applications such as tiles and ceil-258 

ings, contributing to overall structural weight reduction while enhancing durability and 259 

resistance to environmental factors. As fly ash is an industrial by-product and bamboo is 260 

a renewable resource, both materials offer cost-effective alternatives to traditional compo-261 

nents, enabling significant savings, especially in developing countries. The optimal mix of 262 

2% bamboo fibers and 5% fly ash demonstrated good workability, ensuring ease of han-263 

dling and casting in real-world scenarios. This confirms its suitability for large-scale ap-264 

plications, particularly in non-structural elements. Future research should explore scaling 265 

up production and testing the material’s performance in actual construction settings. 266 

Adopting this eco-friendly concrete mix allows engineers and designers to support sus-267 

tainable development while maintaining structural integrity and longevity, laying the 268 

groundwork for continued innovation in sustainable construction materials. 269 

Conclusion 270 

This research successfully demonstrates the practical viability of using sustainable 271 

alternatives in construction materials. Through careful experimentation, we've shown that 272 

bamboo fibers and fly ash can effectively replace portions of traditional concrete compo-273 

nents in tile production. Our findings highlight an optimal blend: the mix with 2% bam-274 

boo fibers and 5% fly ash achieved a remarkable balance of strength and environmental 275 

benefits. This specific composition yielded a compressive strength of 19.36 MPa in cylin-276 

ders and 1.80 MPa in tiles, while also maintaining impressively low water absorption 277 

(<3%). 278 

These results are significant because they offer the construction industry a tangible 279 

pathway to reduce its environmental footprint without compromising quality. The suc-280 

cessful development of these eco-friendly tiles is more than just a technical achievement; 281 

it represents a crucial step toward reconciling essential building needs with vital ecologi-282 

cal responsibility. By incorporating waste by-products like fly ash and rapidly renewable 283 

resources like bamboo, we can significantly lessen the demand for virgin materials and 284 

reduce carbon emissions associated with conventional cement production.While these la-285 

boratory results are highly encouraging, we recognize that bringing such innovations to 286 

market requires further dedicated work. Future studies should focus on examining the 287 

long-term durability of these sustainable concrete tiles under various environmental con-288 

ditions. Additionally, exploring the challenges and opportunities associated with scaling 289 

up production will be critical for their widespread adoption. We sincerely hope this work 290 

will serve as an inspiration for both researchers and practitioners to continue developing 291 

sustainable building solutions that ultimately benefit both people and the planet. 292 
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Appendix 293 

A.1 Raw Data  294 

Table A1. Compressive Strength Test Results 295 

Mix ID Bamboo Fibers (%) Fly Ash (%) 
7-Day Strength 

(MPa) 

14-Day Strength 

(MPa) 

28-Day Strength 

(MPa) 

M1 2 5 13.43 10.2 19.36 

M2 4 10 10.2 12.6 18.2 

M3 6 15 9.5 11.8 17.5 

M4 8 20 8.7 10.5 16.3 

Table A2. Workability (Slump Test) Results 296 

Mix ID Bamboo Fibers (%) Fly Ash (%) Slump (mm) 

M1 2 5 75 

M2 4 10 60 

M3 6 15 50 

M4 8 20 40 

Table A3. Density Measurements 297 

Mix ID Bamboo Fibers (%) Fly Ash (%) Density (kg/m³) 

M1 2 5 2300 

M2 4 10 2200 

M3 6 15 2150 

M4 8 20 2100 

A.2 Calculations 298 

Calculation of Density: 299 

    As shown in Figure 6. Experimental Setup for Compressive Strength Testing, a. Spec-300 

imens ready for testing, and b. Compression Testing Machine that the density was calcu-301 

lated using the formula: 302 

 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 = 𝑀𝑎𝑠𝑠 (𝑘𝑔)/𝑉𝑜𝑙𝑢𝑚𝑒 (𝑚3)303 

(a) (b) 
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Figure 6. Experimental Setup for Compressive Strength Testing, a. Specimens ready for testing, 304 

and b. Compression Testing Machine305 
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