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Introduction

• Sustainable development goals require carbon-effective approaches

• Performance loss is a major challenge

• Industry aims to adopt effective approaches



Materials
• Materials

- PC (EN 197-1, 42.5 N)

- Wood ash (waste obtained through domestic heating and sieved through 300 &
425µm) – replaced PC by 5% and 10%

- Glass fiber (6 mm) – added to the cement paste with a proportion of 0.25% of the
cementitious content



Materials

Mix Name w/cm ratio Water

(gram)

PC

(gram)

WA

(gram)

Glass Fiber

(gram)

Control 0.38 494 1300 -

300-5WA 0.38 494 1235 65

300-10WA 0.38 494 1170 130

300-5WA-GF 0.38 494 1235 65 3.25

300-10WA-GF 0.38 494 1170 130 3.25

425-5WA 0.38 494 1235 65

425-10WA 0.38 494 1170 130

425-5WA-GF 0.38 494 1235 65 3.25

425-10WA-GF 0.38 494 1170 130 3.25

Table 1. Mix proportions of cement pastes



Sustainability Assessment

Figure 1. System Boundaries for eCO2 calculations Figure 2. System Boundaries for cost calculations 



Results and Discussion
• Fresh properties

Table 2. Fresh Properties Results

Mix Name Mini slump (mm) Flow Table (mm)

Control 29.5 210

300-5WA 25 175

300-10WA 15 165

300-5WA-GF 14 120

300-10WA-GF 7 110

425-5WA 28 200

425-10WA 20 170

425-5WA-GF 15 160

425-10WA-GF 12 160



Results and Discussion
• Strength tests
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Figure 3. Compressive strength test results Figure 4. Flexural strength test results



Results and Discussion
• Porosity

Figure 5. Porosity test results
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Results and Discussion
• Sustainability Evaluation

Table 3. Sustainability Analyses

Mix Name eCO2 (kg CO2/m
3) Cost ($/m3)

Control 1201.90 130.065

300-5WA 1143.30 123.816

300-10WA 1084.49 117.313

300-5WA-GF 1152.18 134.861

300-10WA-GF 1093.38 128.357

425-5WA 1143.29 123.817

425-10WA 1084.49 117.314

425-5WA-GF 1152.18 134.862

425-10WA-GF 1093.37 128.359



Results and Discussion
• Sustainability Evaluation

Table 4. eCO2 emissions and cost per 1 MPa

Mix Name eCO2 emissions (kg CO2/MPa) Cost ($/MPa)

Control 27.07 2.93

300-5WA 26.90 2.91

300-10WA 26.79 2.90

300-5WA-GF 27.30 3.20

300-10WA-GF 27.27 3.20

425-5WA 24.64 2.67

425-10WA 26.71 2.89

425-5WA-GF 24.57 2.88

425-10WA-GF 24.62 2.89



Conclusion
• Irregular shaped and texture of WA particles reduced fresh properties.

• WA-utilized mixes had lower early strength but improved strength values at 28d and onwards.
This may indicate pozzolanic contribution of WA.

• WA-GF mixes had improved flexural strength.

• 425-WA mixes had lower porosity which may be linked with better dispersion compared to
300-WA mixes.

• WA-GF mixes could provide promising solution for the sustainable production.

• National waste action plan is required.
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