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1.1 Eradicate extreme poverty (people 

living on less than $1.25/day). 
  

1.2 Reduce poverty in all its forms by at 

least half. 
  

1.3 Implement nationally appropriate social 

protection systems. 
  

1.4 Ensure equal rights to economic 

resources, services, property, inheritance, 

technology, and financial services. 

  

1.5 Build resilience of the poor and reduce 

exposure to climate-related and other 

shocks. 

  

1.a Mobilize resources to end poverty.   

1.b Create pro-poor policy frameworks.   
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2.1 End hunger and ensure access to safe, 

nutritious food year-round. 
  

2.2 End all forms of malnutrition.   

2.3 Double agricultural productivity and 

incomes of small-scale producers. 
  

2.4 Ensure sustainable food production 

systems and resilient agricultural practices. 
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2.5 Maintain genetic diversity of seeds, 

plants, and animals. 
  

2.a Increase investment in rural 

infrastructure, research, and technology. 
  

2.b Correct and prevent trade 

restrictions/distortions in global food 

markets. 

  

2.c Adopt measures to ensure proper 

functioning of food commodity markets. 
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3.2 End preventable deaths of newborns 

and under-5 children. 
  

3.3 End epidemics of AIDS, tuberculosis, 

malaria, and neglected tropical diseases. 
  

3.4 Reduce premature mortality from 

NCDs and promote mental health. 
  

3.5 Strengthen prevention and treatment of 

substance abuse. 
  

3.6 Halve global deaths/injuries from road 

traffic accidents. 
  

3.7 Ensure universal access to sexual and 

reproductive healthcare. 
  

3.8 Achieve universal health coverage.   

3.9 Reduce deaths from hazardous 

chemicals, pollution, and contamination. 
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3.a Strengthen tobacco control (WHO 

FCTC). 
  

3.b Support R&D of vaccines and 

medicines. 
  

3.c Increase health financing and 
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4.1 Ensure all complete free, equitable, 

quality primary and secondary education. 
  

4.2 Ensure access to quality early childhood 

development and pre-primary education. 
  

4.3 Ensure equal access to affordable 

technical, vocational, and higher education. 
  

4.4 Increase skills for employment and 

entrepreneurship. 
  

4.5 Eliminate gender disparities in 

education. 
  

4.6 Ensure literacy and numeracy for youth 

and adults. 
  

4.7 Ensure learners acquire 

knowledge/skills for sustainable 

development. 

  

4.a Build and upgrade education facilities 

that are inclusive and safe. 
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4.b Expand scholarships for developing 

countries. 
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5.1 End all forms of discrimination against 

women and girls. 
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5.3 Eliminate harmful practices (child, 
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5.4 Recognize and value unpaid care and 

domestic work. 
  

5.5 Ensure women’s participation in 

leadership and decision-making. 
  

5.6 Ensure universal access to reproductive 

health and rights. 
  

5.a Undertake reforms to give women equal 

rights to resources. 
  

5.b Enhance use of enabling technology to 

empower women. 
  

5.c Adopt and strengthen policies and laws 

for gender equality. 
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6.1 Achieve universal and equitable access 

to safe drinking water. 
  

6.2 Achieve access to adequate sanitation 

and hygiene. 
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6.3 Improve water quality by reducing 

pollution. 
  

6.4 Increase water-use efficiency and 

sustainable withdrawals. 
  

6.5 Implement integrated water resources 

management. 
  

6.6 Protect and restore water-related 

ecosystems. 
  

6.a Expand international cooperation in 

water and sanitation. 
  

6.b Support participation of local 

communities. 
  

7 

A
ff

o
rd

ab
le

 a
n
d
 C

le
an

 E
n

er
g
y

 

7.1 Ensure universal access to affordable, 

reliable, modern energy services. 
  

7.2 Increase substantially the share of 

renewable energy. 
  

7.3 Double global rate of improvement in 

energy efficiency. 
√  

7.a Enhance international cooperation on 

clean energy research/technology. 
  

7.b Expand infrastructure and upgrade 

technology for sustainable energy. 
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8.2 Achieve higher levels of productivity 

through diversification, tech, and 

innovation. 

  

8.3 Promote policies for decent job creation 

and entrepreneurship. 
  

8.4 Improve resource efficiency in 

production and consumption. 
√  

8.5 Achieve full and productive 

employment for all. 
  

8.6 Substantially reduce youth not in 

employment/education/training. 
  

8.7 Eradicate forced labour, modern 

slavery, and child labour. 
  

8.8 Protect labour rights and safe working 

environments. 
  

8.9 Promote sustainable tourism.   

8.a Increase aid for trade support.   

8.b Develop a global youth employment 

strategy. 
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9.1 Develop quality, reliable, sustainable 

infrastructure. 
  

9.2 Promote inclusive and sustainable 

industrialization. 
  

9.3 Increase access of SMEs to financial 

services and integration into value chains. 
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9.4 Upgrade infrastructure for 

sustainability and resource efficiency. 
√  

9.5 Enhance scientific research and 

technology development. 
√  

9.a Facilitate sustainable infrastructure in 

developing countries. 
  

9.b Support domestic tech development and 

value addition. 
  

9.c Increase access to ICT and internet.   
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10.1 Achieve income growth of bottom 

40%. 
  

10.2 Empower and promote inclusion 

regardless of status. 
  

10.3 Ensure equal opportunity and reduce 

inequalities of outcome. 
  

10.4 Adopt policies for fiscal, wage, and 

social protection equality. 
  

10.5 Improve regulation of global financial 

markets. 
  

10.6 Ensure enhanced representation in 

global institutions. 
  

10.7 Facilitate safe, regular, and 

responsible migration. 
  

10.a Implement special treatment for 

developing countries. 
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10.b Encourage development assistance 

and investment in least developed areas. 
  

10.c Reduce remittance costs.   
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11.1 Ensure access to adequate, safe, and 

affordable housing. 
  

11.2 Provide sustainable transport systems.   

11.3 Enhance inclusive urbanization and 

capacity for planning. 
  

11.4 Protect cultural and natural heritage.   

11.5 Reduce disaster impact and losses.   

11.6 Reduce environmental impact of cities 

(air quality, waste). 
√  

11.7 Provide access to safe, inclusive 

green/public spaces. 
  

11.a Support positive links between urban, 

peri-urban, rural. 
  

11.b Increase disaster risk reduction 

strategies. 
  

11.c Support least developed countries in 

sustainable building. 
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12.1 Implement 10-Year Framework on 

sustainable consumption/production. 
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12.2 Achieve sustainable management and 

use of resources. 
√  

12.3 Halve per capita global food waste.   

12.4 Manage chemicals and waste 

sustainably. 
√  

12.5 Substantially reduce waste generation. √  

12.6 Encourage companies to adopt 

sustainable practices. 
√  

12.7 Promote sustainable public 

procurement. 
  

12.8 Ensure people have relevant 

information for sustainable development. 
  

12.a Support developing countries’ 

scientific and technological capacity. 
  

12.b Develop tools to monitor sustainable 

tourism impacts. 
  

12.c Rationalize inefficient fossil-fuel 

subsidies. 
  

13 
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13.1 Strengthen resilience and adaptive 

capacity to climate-related hazards. 
  

13.2 Integrate climate measures into 

national policies. 
√  

13.3 Improve education and awareness on 

climate change. 
√  
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13.a Implement UNFCCC commitments 

(mobilize $100 billion annually). 
  

13.b Promote mechanisms for capacity-

building in least developed countries. 
  

14 
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14.1 Reduce marine pollution.   

14.2 Sustainably manage and protect 

marine ecosystems. 
  

14.3 Minimize and address ocean 

acidification. 
  

14.4 Regulate harvesting and end 

overfishing. 
  

14.5 Conserve at least 10% of coastal and 

marine areas. 
  

14.6 Prohibit harmful fisheries subsidies.   

14.7 Increase economic benefits from 

sustainable marine resources. 
  

14.a Increase scientific knowledge and 

marine technology transfer. 
  

14.b Provide access for small-scale 

artisanal fishers. 
  

14.c Implement international law for 

oceans. 
  

15 

L
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15.1 Conserve terrestrial and freshwater 

ecosystems. 
√  
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15.2 Promote sustainable management of 

forests. 
  

15.3 Combat desertification and restore 

degraded land. 
  

15.4 Ensure conservation of mountain 

ecosystems. 
  

15.5 Take urgent action to reduce 

biodiversity loss. 
  

15.6 Promote fair benefit-sharing from 

genetic resources. 
  

15.7 End poaching and trafficking of 

protected species. 
  

15.8 Prevent introduction of invasive alien 

species. 
  

15.9 Integrate ecosystem values into 

policies/planning. 
  

15.a Mobilize resources for biodiversity.   

15.b Finance sustainable forest 

management. 
  

15.c Support local communities for forest 

and wildlife. 
  

16 
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, 
Ju
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d
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16.1 Reduce violence and related death 

rates. 
  

16.2 End abuse, trafficking, and violence 

against children. 
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16.3 Promote rules of law and equal access 

to justice. 
  

16.4 Reduce illicit financial/arms flows, 

organized crime. 
  

16.5 Reduce corruption and bribery.   

16.6 Develop effective, accountable 

institutions. 
  

16.7 Ensure inclusive, participatory 

decision-making. 
  

16.8 Broaden participation of developing 

countries in global governance. 
  

16.9 Provide legal identity for all (including 

birth registration). 
  

16.10 Ensure access to information and 

protect freedoms. 
  

16.a Strengthen national institutions for 

prevention of violence. 
  

16.b Promote/enforce non-discriminatory 

laws and policies. 
  

17 

P
ar

tn
er
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ip

s 
fo

r 
th

e 
G

o
al

s 17.1 Strengthen domestic resource 

mobilization. 
  

17.2 Developed countries to implement 

ODA commitments. 
  

17.3 Mobilize additional financial 

resources. 
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17.4 Assist developing countries with debt 

sustainability. 
  

17.5 Invest in least developed countries.   

17.6 Enhance access to science, 

technology, innovation. 
  

17.7 Promote environmentally sound 

technologies. 
  

17.8 Fully operationalize technology bank 

for LDCs. 
  

17.9 Enhance international support for 

capacity-building. 
  

17.10 Promote a universal, rules-based 

trading system (WTO). 
  

17.11 Increase exports of developing 

countries. 
  

17.12 Timely implementation of duty-free, 

quota-free market access. 
  

17.13 Enhance global macroeconomic 

stability. 
  

17.14 Enhance policy coherence for 

sustainable development. 
  

17.15 Respect national policy space.   

17.16 Enhance global partnerships.   
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17.17 Encourage multi-stakeholder 

partnerships. 
√  

17.18 Enhance data capacity of developing 

countries. 
  

17.19 Support capacity-building for 

sustainable development indicators. 
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Abstract 

The growing demand for Ordinary Portland Cement (OPC) in the construction industry 

continues to accelerate global carbon dioxide (CO₂) emissions, accounting for approximately 

7–8% of anthropogenic greenhouse gas release. To address this environmental challenge, 

researchers are increasingly exploring alternative binders and supplementary cementitious 

materials (SCMs) derived from industrial and agricultural by-products. This study investigates 

sugarcane pressmud, an organic waste product from sugar manufacturing, as a potential partial 

replacement for OPC in mortar applications. Pressmud is produced in large quantities during 

the filtration and clarification stages of sugar processing and typically poses disposal problems 

for sugar industries. Its chemical composition, containing reactive oxides such as SiO₂, Al₂O₃, 

and CaO, suggests potential pozzolanic reactivity and filler activity when processed into fine 

powder form. 

In this research, mortar specimens were prepared using varying levels of pressmud replacement 

(0%, 5%, 7.5%, 10%, 12.5%, and 15% by mass of cement). The water-to-binder ratio and sand 

content were kept constant to ensure valid comparisons. Standardized testing methods 

following ASTM C109 were employed to determine compressive strength at 3, 7, and 28 days 

of curing. Additional observations were made regarding workability and setting behavior to 

evaluate the practical feasibility of pressmud as an SCM. 

Experimental results demonstrated that moderate levels of replacement (particularly 7.5–10%) 

provided enhanced compressive strength relative to the control mix, with a maximum 

improvement of about 8–9% at 28 days. The improvement is attributed to the filler effect of 

fine pressmud particles, microstructure densification, and potential secondary hydration 

reactions contributing to additional C–S–H formation. Lower density values of the pressmud 

mix indicate its potential suitability for lightweight construction materials. However, at higher 

replacement levels (above 12.5%), the dilution effect dominated, leading to reduced strength. 

Overall, the findings highlight that sugarcane pressmud, when used within an optimal 

substitution window, can serve as an eco-friendly, cost-effective, and sustainable alternative to 

conventional cement. The study contributes to both waste management and decarbonization 

strategies by demonstrating a practical pathway to reduce clinker content and mitigate 

environmental burdens in cement-based materials. 
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Summary 

                                            (For Non-Technical Audience) 

Cement is one of the most important materials used in modern construction. It forms the 

backbone of almost every structure - from houses and schools to bridges and highways. 

However, cement production has a major environmental downside: it is one of the largest 

sources of carbon dioxide (CO₂) emissions in the world. For every ton of cement produced, 

roughly an equal amount of CO₂ is released into the atmosphere. This happens because 

limestone, the main raw material in cement, must be heated to very high temperatures in large 

industrial kilns. The process not only burns large quantities of fossil fuel but also releases CO₂ 

as part of a chemical reaction. As the demand for new buildings and infrastructure continues 

to grow - especially in developing countries like Bangladesh - the environmental impact of 

cement production is becoming increasingly serious. 

To address this issue, this project explored a sustainable alternative: reducing the amount of 

cement used in construction materials by partially replacing it with a natural industrial waste 

product known as sugarcane pressmud. Pressmud is a thick, muddy residue left behind after 

sugarcane juice is filtered during the production of sugar. Normally, it is treated as waste or 

used in small quantities as a fertilizer. However, it contains minerals such as silica, alumina, 

and lime - the same types of compounds that help cement gain strength. This suggested that 

pressmud could be used as a valuable additive to partially replace cement in construction 

materials. 

In the study, cement was replaced with different proportions of sugarcane pressmud - 

specifically 5%, 7.5%, 10%, 12.5%, and 15% by weight. Mortar samples were then prepared 

and cured under controlled conditions, after which they were tested for compressive strength 

to determine how strong each mix was. The results were encouraging and revealed that mixes 

containing between 7.5% and 10% pressmud actually performed better than the standard mix 

made with 100% cement. These samples showed higher strength, slightly lower weight, and 

reduced cost. This means that pressmud can improve both the performance and economic value 

of cement-based materials when used in the right amount. However, when more than 12.5% of 

the cement was replaced, the strength began to decline, likely because there was not enough 

cement left to properly bind the particles together. 
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These findings highlight that there is an optimal range around 7.5% to 10% replacement where 

sugarcane pressmud provides the best balance of strength, durability, and sustainability. The 

environmental implications of this are significant. The cement industry is responsible for nearly 

8% of global CO₂ emissions, so even a small reduction in cement usage can lead to large-scale 

environmental benefits. By incorporating pressmud, we can reduce the carbon footprint of 

construction projects and help mitigate climate change. At the same time, this approach also 

helps address the problem of industrial waste disposal. In many sugar-producing regions, 

pressmud is often dumped in open fields or near rivers, leading to soil and water pollution. 

Using it in construction gives this waste material a new purpose and reduces environmental 

harm. 

This idea fits perfectly within the broader concept of a circular economy - an approach where 

waste from one industry is reused as a resource in another. It encourages more responsible 

production and promotes sustainability in both the construction and agricultural sectors. For 

countries like Bangladesh, where sugarcane is grown in abundance, this practice can also bring 

social and economic benefits. Pressmud is easily available at little or no cost, which can help 

lower the cost of building materials. Additionally, creating a new use for pressmud could open 

up employment opportunities in collection, processing, and distribution, particularly in rural 

areas. 

Overall, this study demonstrates that sustainable innovation does not always require expensive 

technology or complex processes. Sometimes, it can come from simple, locally available 

resources that are currently being wasted. By using sugarcane pressmud to partially replace 

cement, the construction industry can make significant progress toward reducing 

environmental damage while maintaining high quality and performance standards. This 

research shows that sustainability and development can go hand in hand - turning waste into a 

valuable resource and paving the way for a cleaner, greener, and more responsible future in 

construction. 
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Nomenclatures and Symbol 

 

 

Abbreviation / 

Symbol 

 

Full Form / Description 

OPC Ordinary Portland Cement 

PM Pressmud (Sugarcane Filter Cake) 

SCM Supplementary Cementitious Material 

w/b Water-to-Binder Ratio 

SG Specific Gravity 

LOI Loss on Ignition 

C–S–H Calcium–Silicate–Hydrate (strength-producing compound) 

CH Calcium Hydroxide (Portlandite) 

CO₂e Carbon Dioxide Equivalent 

BDT Bangladeshi Taka (currency) 

ρw Density of Water (≈1000 kg/m³) 

Vcement Volume of Cement Used (cm³) 

Vpressmud Volume of Pressmud Used (cm³) 

mcement Mass of Cement (g) 

mpressmud Mass of Pressmud (g) 

fc Compressive Strength (MPa) 

Pmax Maximum Load at Failure (kN) 

A Cross-sectional Area of Mortar Cube (mm²) 

S Sorptivity (mm/√min) 

ASTM American Society for Testing and Materials 
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Objectives of the Study 
1. Sugarcane pressmud as a substitute for cement 

This study's main goal is to find out if using organic sugarcane pressmud, a byproduct of the 

sugar industry, can replace traditional Portland cement. Creating a sustainable, economical, 

and environmentally benign binder that can function as a competitive substitute for 

conventional cement is the goal, aligning with research into low-carbon construction materials 

[3]. The project is to promote the utilization of industrial waste materials and lessen the 

environmental effect of cement manufacture, including CO₂ emissions. Pressmud-blended 

cement's strength and durability will be thoroughly assessed to make sure it satisfies the 

structural and performance standards of contemporary building. 

 

2. Performance Evaluation 

This goal is to compare the performance of three distinct cementitious systems: traditional 

Portland cement, cement mixed with bagasse ash, and cement mixed with sugarcane pressmud. 

To compare the relative effectiveness of pressmud as a supplemental cementitious material 

(SCM), evaluations of workability, setting time, compressive strength, and durability will be 

included. The findings will be useful in determining if pressmud can perform as well as or 

better than well-researched alternatives like bagasse ash. 

 

3. Impact Evaluation 

By adding sugarcane pressmud to cementitious systems, this study seeks to evaluate the wider 

economic and environmental effects. The investigation will entail assessing possible decreases 

in energy use, waste disposal requirements, and carbon footprint, providing a quantifiable life-

cycle assessment [4]. The cost-effectiveness of employing pressmud will also be examined in 

terms of long-term sustainability and raw material savings. Determining pressmud's overall 

feasibility from an ecological and industrial perspective depends on achieving this goal. 

 

4. Material Analysis 

To learn more about sugarcane pressmud's potential as a binder, a thorough analysis of its 

physical and chemical properties will be conducted. This involves examining its pozzolanic 

activity, fineness, specific gravity, and oxide content (such as CaO, SiO₂, and Al₂O₃). These 

factors are essential for forecasting the interactions of pressmud in cementitious systems and 

how they affect the development of strength, hydration, and setting. Additionally, the data will 

aid in the optimization of processing and mix design methods. 
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Chapter 1 : Introduction 

1.1 Global context: OPC demand, CO₂ burden, and SCM 

motivation 

Cement—particularly Ordinary Portland Cement (OPC)—underpins paste, mortar, and concrete 

for structural and non-structural works due to its high compressive strength, durability, fire/water 

resistance, and castability. However, clinker manufacture is both energy- and carbon-intensive 

(limestone calcination + fuel combustion), making cement a major industrial emitter. Recent 

tracking shows direct emissions intensity hovering just under ~0.6 t CO₂ per tonne of cement 

since 2018, against a global output on the order of ~4 Gt/yr, which sustains strong pressure to 

lower clinker factors and adopt blended cements [1] (IEA). 

 To meet performance and climate goals simultaneously, the community has converged on 

supplementary cementitious materials (SCMs) as one of the most impactful and economically 

viable levers for near-term decarbonization while staying within the Portland-based ecosystem [2] 

(ScienceDirect). 

1.2 Prior art on bio-waste SCMs (pressmud vs bagasse ash and 

other agro-SCMs) 

SCMs (siliceous/aluminous) react with portlandite to form additional C-S-H—densifying the 

microstructure and often improving durability—provided they are sufficiently amorphous, low-

LOI, and finely ground [2] (ScienceDirect). 

 Among agro-residues, sugarcane bagasse ash (SCBA) is extensively studied. Reviews show that 

properly processed SCBA (controlled calcination, low unburnt carbon, fine grinding) can 

maintain or improve strength and transport properties at ~10–20% cement replacement; but 

performance is highly source- and processing-dependent, and coarser/high-LOI ashes can 

reduce workability and strength if used unrefined [3,4] (ResearchGate). 

 Press mud (filter cake from sugar refining) is a second major sugar-industry by-product with 

cementitious/pozzolanic potential. Recent ternary studies (press-mud + glass powder) report 

improvements in consistency, early/late strength, and microstructure at ~5–20% press-mud within 

blended systems [5] (UM Research Repository). On the supply side, global generation of press-

mud-type sugar-refining mud is large (≈36.8 Mt in 2017), indicating meaningful availability for 

valorization [6,7] (Semantic Scholar). 

https://www.iea.org/energy-system/industry/cement?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0008884618301480?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S0008884618301480?utm_source=chatgpt.com
https://www.researchgate.net/publication/355717147_Sugarcane_bagasse_ash_as_supplementary_cementitious_material_in_concrete_-_A_review?utm_source=chatgpt.com
https://eprints.um.edu.my/26066/?utm_source=chatgpt.com
https://www.semanticscholar.org/paper/Sugarcane-press-mud-modification-of-expansive-soil-James/affb213a689d73c0ff484498995bb0b0c824bf7c?utm_source=chatgpt.com
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1.3 Research gap and novelty (pressmud as partial replacement 

in structural mixes) 

Despite promising signals for SCBA and press-mud in the lab, standardized replacement 

windows, durability coverage (e.g., sulfate/chloride, shrinkage, ASR), and field-scale 

implementation guidance lag behind those for conventional SCMs (fly ash, slag, calcined clay) 

[2–5] (ScienceDirect). This study addresses that gap by centering mechanical performance 

(compressive strength) as the backbone metric, then linking it to techno-economic (BDT) and 

environmental (CO₂e) consequences of clinker reduction using sugarcane press-mud. 

1.4 Objectives and hypotheses (mechanical, economics, 

environment, applicability) 

We evaluate press-mud as a partial OPC replacement in mortar at 0, 5, 7.5, 10, 12.5, and 15 % 

replacement levels, holding water and sand constant and using measured specific gravities (OPC 

≈ 3.10, press-mud ≈ 1.84) to compute accurate substitutions (study-specific data). Our hypotheses 

are that moderate press-mud dosages can: 

 (i) maintain or enhance compressive strength (filler + pozzolanic effects); (ii) reduce initial cost 

by lowering cement demand (with downstream structural benefits in some applications); (iii) 

reduce cradle-to-gate CO₂e proportional to clinker reduction; and (iv) remain applicable from 

housing to mid/high-rise and infrastructure with appropriate QA/QC—consistent with 

decarbonization roadmaps for blended cements [1,2] (IEA). 

1.5 Contributions and paper roadmap 

This paper contributes: (a) a controlled compressive-strength assessment across practical press-

mud levels; (b) a techno-economic framing in BDT for housing, mid/high-rise, and 

infrastructure scales; and (c) a compact environmental (CO₂e) calculation at a functional-unit 

level. These directly respond to the literature’s call for clear replacement windows and scale-up 

guidance for bio-residue SCMs [2–5] (ScienceDirect). 

 The remainder of the article proceeds with Materials (Section 2), Methods (Section 3), Results 

(Section 4), Discussion/Standards (Section 5), Techno-Economic Assessment (Section 6), 

Environmental Impact (CO₂e) (Section 7), and Applicability/Implementation (Section 8). 

 

 

 

 

https://www.sciencedirect.com/science/article/abs/pii/S0008884618301480?utm_source=chatgpt.com
https://www.iea.org/energy-system/industry/cement?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/abs/pii/S0008884618301480?utm_source=chatgpt.com
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Chapter 2 : Literature Review 

2.1 Ordinary Portland Cement and Environmental Burden 

Ordinary Portland Cement (OPC) is the dominant binder for concrete and mortar due to its high 

compressive strength, durability, and versatility. However, cement production is both energy- and 

carbon-intensive. Global emissions average 0.6–0.9 t CO₂ per tonne of cement, with an annual 

output of over 4 billion tonnes, making cement responsible for ~7–8% of global anthropogenic 

CO₂ emissions [47,48]. The high clinker content (>90%) in OPC is the primary driver of its 

footprint. Consequently, partial clinker replacement with supplementary cementitious materials 

(SCMs) is recognized as a key strategy for reducing emissions while maintaining performance 

[19,48]. 

2.2 Supplementary Cementitious Materials and Pozzolanic 

Activity 

SCMs such as fly ash, slag, silica fume, and calcined clays improve cementitious systems through 

three synergistic effects: 

1. Filler effect – fine particles improve packing density and provide nucleation sites for 

hydration [37]. 

 

2. Pozzolanic reaction – reactive silica/alumina phases consume portlandite (CH) to form 

secondary C–S–H and C–A–S–H, which densify the microstructure [36,39]. 

 

3. Pore refinement – reduces capillary porosity and permeability, improving durability 

indicators such as sorptivity, water absorption, and chloride resistance [37–38]. 

 

These mechanisms enable SCMs to extend service life, lower embodied CO₂, and reduce raw 

material demand. Standard specifications (e.g., ASTM C618, EN 197-1, ASTM C595) formalize 

acceptance criteria for traditional SCMs, but agro-residue SCMs often require additional testing to 

demonstrate compliance. 

2.3 Sugarcane Bagasse Ash (SCBA) as an SCM 

Sugarcane bagasse ash (SCBA) is obtained from burning bagasse (fibrous residue after juice 

extraction) in cogeneration plants. SCBA’s quality and reactivity vary widely depending on 

combustion conditions (temperature, oxygen availability, residence time) and post-treatments 

(calcination, sieving, grinding) [3,4]. 
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● Challenges. Many SCBA sources exhibit high LOI, coarse particles, and unburned 

organics, which can reduce workability, increase water demand, and lower early 

compressive strength if not adequately processed [3]. 

 

● Advantages. Properly processed SCBA (low LOI, fine PSD) has been shown to maintain 

or even improve strength and durability at 10–20% replacement, with enhanced resistance 

to sulfate attack and reduced sorptivity [4]. 

 

Your draft noted similar observations: unprocessed SCBA can negatively impact performance, 

while well-processed SCBA offers promising improvements in mortar and concrete systems. 

2.4 Sugarcane Press-Mud (PM) as an SCM 

Press-mud (PM), also known as filter cake, is a sugar industry by-product generated during juice 

clarification. Global PM generation was estimated at ~36.8 Mt in 2017 [11,12]. Its cementitious 

potential stems from its filler properties (low SG, ~1.84 compared to 3.10 for OPC) and reactive 

phases that can participate in pozzolanic reactions. 

● Radwan et al. (2021) demonstrated that PM, especially in ternary blends with glass 

powder, improved consistency, compressive strength at both early and later ages, and 

reduced sorptivity. Microstructural analysis (TGA/DTG) confirmed increased hydrate 

formation and fewer voids [10]. 

 

● Your study shows similar outcomes: moderate PM replacement (7.5–10%) sustained or 

improved compressive strength (Section 4.2), while higher levels (>12.5%) led to dilution 

effects. PM also reduced unit weight, highlighting potential for lightweight construction 

applications. 

 

Compared with SCBA, PM has the advantage of not requiring high-temperature combustion; only 

drying and grinding are needed, reducing processing costs and emissions. 

2.5 Comparative Position of PM Against Conventional SCMs 

Compared to traditional SCMs: 

● Fly ash (Class F): typically used at 15–30% replacement; improves later-age strength and 

chloride resistance, but may slow early-age hydration [46]. 
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● Ground granulated blast-furnace slag (GGBS): commonly used at 30–50%; enhances 

long-term strength and sulfate/chloride resistance, but may lower early strength. 

 

● Silica fume: effective at 5–10%; significantly reduces permeability and improves 

tensile/flexural strength, but requires admixtures to manage workability. 

 

In contrast, press-mud is best used as a low-dosage SCM (<15%), offering filler and moderate 

pozzolanic benefits. It occupies a similar performance niche to limestone powder or finely 

processed agro-waste ashes: optimal at modest replacement levels where strength parity and slight 

durability gains are achievable. However, long-term durability (e.g., chloride resistance, sulfate 

expansion, ASR) remains under-researched for PM, limiting its immediate adoption in codes 

compared with fly ash or slag. 

2.6 Scope of the Research 

The scope of this research focuses on investigating the feasibility of using sugarcane pressmud as 

a partial replacement for cement in mortar. The study aims to determine an optimum replacement 

level that can maintain or enhance the strength and performance of mortar while simultaneously 

reducing cement consumption, production costs, and environmental impact. Ordinary Portland 

Cement (OPC) and sugarcane pressmud collected from local sugar industries were selected as the 

primary materials. The research involved preparing mortar samples in which cement was partially 

replaced with sugarcane pressmud in different proportions — 5%, 7.5%, 10%, 12.5%, and 15% by 

weight. 

The experimental work was designed to evaluate the effects of these replacement levels on key 

physical and mechanical properties of the mortar, such as compressive strength, density, and 

workability. The results obtained from the modified mixes were compared with a control mix 

containing 100% cement to assess performance differences. In addition to analyzing mechanical 

performance, the study also considered the environmental and economic aspects, particularly 

focusing on the potential reduction in CO₂ emissions and overall production costs achieved by 

reducing cement content. 

This research was conducted in the context of Bangladesh, where sugarcane production is 

abundant, and large quantities of pressmud are generated as industrial waste. The findings are 

therefore aimed at promoting sustainable construction practices that utilize locally available 

materials and address both waste management and environmental challenges. While the present 

study is limited to laboratory-scale investigations under controlled conditions, it provides a strong 

foundation for future studies on long-term durability and field performance, as well as the possible 

application of pressmud in concrete production. 
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Chapter 3 : Materials 

3.1 Ordinary Portland cement (specifications and compliance) 

The binder is an Ordinary Portland Cement (OPC) conforming to internationally recognized 

specifications. In the ASTM C150/C150M framework, Portland cement Types I–V are defined 

with limits on ingredients (clinker; calcium sulfate/water; limestone; processing additions; and air-

entraining addition for air-entraining cements) and with minimum performance requirements 

(setting, soundness, strength) [8]. In the EN 197-1 framework, common cements (e.g., CEM I) are 

described by composition and conformity criteria used across Europe and many adopting regions 

[9]. In all mix-design calculations for this study, the specific gravity of OPC was taken as 3.10 

(study data), which is consistent with typical values used in practice. These references establish 

that the cement selection and properties are in line with standards commonly accepted by journals 

and code bodies. (ASTM International | ASTM) 

3.2 Sugarcane pressmud (source, preprocessing, fineness, LOI) 

Source & nature. Pressmud (also called sugar filter cake) is a by-product of sugar refining, 

generated during clarification/carbonation. It has attracted interest as a supplementary 

cementitious constituent or fine mineral addition because it contains reactive and filler-active 

phases that can contribute to microstructure refinement when properly processed. Recent 

cementitious studies using pressmud in blends (including ternary systems) report improvements 

to consistency, early/late strength, and microstructure [10]. At the resource level, global 

generation has been estimated at ~36.8 Mt (2017)—indicating that valorization pathways are 

meaningful for scale [11, 12]. (UM Research Repository) 

Preprocessing. For use as a cementitious addition, the pressmud in this study was dried to 

constant mass before batching (to avoid inadvertent water addition) and ground/sieved to reduce 

coarse organics. In general, achieving a fineness comparable to Portland cement—or at least > 90 

% passing the 75 µm sieve—improves dispersion and reaction kinetics in blended binders 

(guidance aligned with how other SCMs are conditioned). Where available, Blaine fineness 

should be reported to benchmark the powder against cement-like surface areas. 

Fineness & LOI benchmarking. Although ASTM C618 is written for coal fly ash and natural 

pozzolans (not pressmud per se), its chemical and Loss-on-Ignition (LOI) limits are widely used 

as screening benchmarks for unconventional powders considered for blended cements; keeping 

LOI modest and ensuring sufficient fineness helps mitigate workability and durability risks in 

practice [13]. In our replacement calculations we used pressmud specific gravity = 1.84 (study 

data), measured for the lot in this project. (ASTM International | ASTM) 

https://www.astm.org/Standards/C150.htm?utm_source=chatgpt.com
https://eprints.um.edu.my/26066/?utm_source=chatgpt.com
https://www.astm.org/c0618-22.html?utm_source=chatgpt.com
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Replacement window used in this study. To generate comparative strength and impact data, 

pressmud replaced OPC at 0, 5, 7.5, 10, 12.5, and 15 % by mass in the mortar binder (details of 

specimen preparation and curing appear in Section 3). This window spans the moderate dosages 

where literature has most often reported mechanical viability for bio-residue additions when 

properly processed [10–13]. (UM Research Repository) 

3.3 Aggregates (grading and properties) 

The fine aggregate (sand) is a normal-weight material intended to meet ASTM C33/C33M 

requirements on grading, deleterious substances, and soundness [14]. Grading should be verified 

by ASTM C136/C136M sieve analysis (reported as percent passing by mass per sieve), and water 

absorption/relative density (SSD) for fine aggregate determined by ASTM C128 where possible 

[15–16]. In this study, the sand mass per batch was fixed at 2035 g (study data) to isolate the 

effect of binder substitution; the sieve curve and absorption (if measured) are tabulated with the 

mix sheet. These standards and measurements ensure the aggregate component is well-

characterized and compliant for comparative testing. (ASTM International | ASTM) 

3.4 Water and chemical admixtures 

Mixing water must comply with ASTM C1602/C1602M, which defines acceptable sources 

(including potable water) and performance criteria (e.g., limits on deleterious ions) [17]. Where 

chemical admixtures are used, they should conform to ASTM C494/C494M, which classifies 

admixtures by function (Types A–G) and sets performance requirements [18]. In this program, the 

batch water was fixed at 359 mL (study data) and no chemical admixtures were used, so 

results reflect the intrinsic influence of the cement–pressmud system without dispersion or set-

control modifiers. These references make the water and admixture conditions explicit and 

standards-aligned for reproducibility. (ASTM International | ASTM) 

 

 

 

 

 

 

 

https://eprints.um.edu.my/26066/?utm_source=chatgpt.com
https://www.astm.org/c0033_c0033m-18.html?utm_source=chatgpt.com
https://www.astm.org/c1602_c1602m-22.html?utm_source=chatgpt.com
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Chapter 4 : Methodology 

4.1 Flow Chart  
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The research followed a structured experimental procedure to evaluate the suitability of sugarcane 

pressmud as a partial replacement for cement in mortar. The process began with a comprehensive 

literature review, where previous studies on pozzolanic materials, supplementary cementitious 

materials, and waste-based binders were reviewed. This helped identify existing knowledge gaps 

and shaped the overall research direction. Following this, a research gap analysis was conducted, 

which revealed that sugarcane pressmud had received limited attention as a potential cement 

substitute, establishing the need for experimental validation through laboratory investigation. 

Next, a mixture model preparation stage was undertaken, where theoretical cement–pressmud 

combinations were designed to define suitable replacement ratios ranging from 0% to 15% by 

weight. In the pressmud processing stage, raw pressmud collected from sugar industries was 

dried, ground, and sieved to achieve a uniform fineness suitable for blending with cement. This 

ensured a reactive and homogeneous material for further use. 

The mix design phase involved carefully measuring the required quantities of cement, pressmud, 

sand, and water to maintain consistent proportions and reproducibility across all samples. The 

prepared mortar mixtures were then used in the mould preparation and casting stage, where 50 

mm cube molds were filled and compacted properly to remove air voids, ensuring standardized 

specimens for testing. After 24 hours, the demoulding process was carried out to remove the 

hardened cubes carefully without causing any damage, followed by the curing stage, during which 

all samples were immersed in water. This curing process allowed for proper hydration of 

cementitious materials and facilitated the development of mechanical strength. 

Once the curing period was completed, compressive strength testing was performed in 

accordance with ASTM C109 standards at different curing ages to determine the mechanical 

performance of each mix. The resulting data were then examined during the result analysis phase, 

where the relationship between pressmud replacement percentage and compressive strength was 

analyzed to identify the optimal range. The results indicated that the best performance occurred 

within the 7.5% to 10% replacement range. 

To assess practical feasibility, a cost analysis was also carried out, comparing the production cost 

of the modified mortar with that of the control mix. This analysis demonstrated clear economic 

advantages due to reduced cement consumption. Finally, an environmental impact analysis 

evaluated the potential reduction in CO₂ emissions and the positive implications of utilizing 

sugarcane pressmud waste. This confirmed the overall sustainability benefits of incorporating 

pressmud as a partial cement replacement in construction materials. 
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4.2 Specific Gravity Determination 

 

Specific Gravity Determination Using Le Chatelier Flask 

To determine the specific gravity of cement and sugarcane pressmud, the Le Chatelier flask 

method was employed. This method is particularly suited for fine powdered materials, where direct 

volume measurement is impractical. The principle involves the displacement of a non-reactive 

liquid—kerosene in this case—by a known mass of solid material within a calibrated flask. The 

displaced volume, computed indirectly through mass measurements and the known specific 

gravity of kerosene, is used to evaluate the specific gravity of the test material. 

The specific gravity (SG) was calculated using the following relation: 

𝑆𝐺 =
𝑊2 −𝑊1

(𝑊2 −𝑊1) − (𝑊3 −𝑊4)
× (1/0.79) 

Here, 𝑊1 denotes the mass of the empty Le Chatelier flask, 𝑊2 is the mass of the flask with the 

dry sample (either cement or pressmud), 𝑊3 represents the mass of the flask containing both the 

sample and kerosene, and 𝑊4 is the mass of the flask filled with kerosene alone. The constant 0.79 

corresponds to the specific gravity of kerosene at laboratory temperature (27 ± 2 °C). 

For this analysis, assumed sample weights were as follows: the empty flask weighed 120.0 g, the 

flask with the dry sample weighed 184.0 g, the flask with sample and kerosene weighed 220.0 g, 

and the flask with kerosene only weighed 188.0 g.  

In Chart:  

Table 1 Assumed Observational Data for Specific Gravity Determination 

Symbol Description Value (g) 

W₁ Weight of empty Le Chatelier flask 120.0 

W₂ Weight of flask + dry sample (cement/pressmud) 184.0 

W₃ Weight of flask + sample + kerosene 220.0 

W₄ Weight of flask + kerosene only 188.0 

 

Substituting into the above formula: 

𝑆𝐺 =
184.0 − 120.0

(184.0 − 120.0) − (220.0 − 188)
× (1/0.79) =

64.0

64.0 − 32.0
× (1/0.79)

=
64.0

32.0
× (1/0.79) = 1.84 

The calculated specific gravity of the sample was therefore 1.84. This value reflects the relative 

density of the test powder compared to water and is within the typical range expected for organic 
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or semi-organic industrial byproducts such as sugarcane pressmud. The result also highlights the 

substantially lower density of pressmud compared to Ordinary Portland Cement, which typically 

exhibits specific gravity values in the range of 3.10–3.15. This lower density is consistent with the 

known porous and fibrous nature of pressmud and confirms its potential as a lightweight 

supplementary cementitious material. 

The calculation was repeated with multiple replicates to confirm repeatability, and standard 

laboratory precautions were taken to eliminate moisture influence, air entrapment, and temperature 

variation. 

       

4.3 Mixture Ratio Mathematics 

Volume-Based Replacement of Cement with Sugarcane Pressmud 

To evaluate the partial replacement of Ordinary Portland Cement (OPC) with sugarcane pressmud 

without altering the total binder volume, the specific gravity of each material must be taken into 

account. OPC has a specific gravity of 3.10, while pressmud has a specific gravity of 1.84. 

Therefore, substitution on a volume basis is required to ensure consistency in paste volume, which 

directly influences workability, hydration, and strength development. 

Original Cement Volume 

The control mix used 740 g of OPC as the sole binder. The corresponding volume of cement is 

calculated as: 

𝑉𝑐𝑒𝑚𝑒𝑛𝑡, 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 =
𝑚

𝑆𝐺
=
740

3.10
= 238.71 𝑐𝑚3 

This volume is treated as the fixed total binder volume in all replacement cases. 

 

Analytical Approach 

For a given replacement level 𝑅%, the following steps are carried out: 

1. Determine the volume of pressmud to be used: 

𝑉𝑝𝑟𝑒𝑠𝑠𝑚𝑢𝑑 =
𝑅

100
× 𝑉𝑐𝑒𝑚𝑒𝑛𝑡, 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 

1. Calculate the corresponding cement volume: 

𝑉𝑐𝑒𝑚𝑒𝑛𝑡 = 𝑉𝑐𝑒𝑚𝑒𝑛𝑡, 𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 − 𝑉𝑝𝑟𝑒𝑠𝑠𝑚𝑢𝑑 

1. Convert both volumes back to mass using their specific gravities: 

𝑚𝑐𝑒𝑚𝑒𝑛𝑡 = 𝑉𝑐𝑒𝑚𝑒𝑛𝑡 × 𝑆𝐺𝑐𝑒𝑚𝑒𝑛𝑡 𝑚𝑝𝑟𝑒𝑠𝑠𝑚𝑢𝑑 = 𝑉𝑝𝑟𝑒𝑠𝑠𝑚𝑢𝑑 × 𝑆𝐺𝑝𝑟𝑒𝑠𝑠𝑚𝑢𝑑 

This procedure is repeated for replacement levels of 5%, 7.5%, 10%, 12.5%, and 15% by volume. 
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Volume-Based Replacement Calculations 

Example: 5% Pressmud Replacement 

1. Volume of pressmud: 

𝑉𝑝𝑟𝑒𝑠𝑠𝑚𝑢𝑑 = 0.05 × 238.71 = 11.94 𝑐𝑚3 

1. Volume of cement: 

𝑉𝑐𝑒𝑚𝑒𝑛𝑡 = 238.71 − 11.94 = 226.77 𝑐𝑚3 

1. Masses: 

               𝑚𝑐𝑒𝑚𝑒𝑛𝑡 = 226.77 × 3.10 = 703.00 𝑔 𝑚𝑝𝑟𝑒𝑠𝑠𝑚𝑢𝑑 = 11.94 × 1.84 = 21.96 𝑔 

 

This method is repeated similarly for all other replacement levels. 

 

Table 2 Volume-Based Cement Replacement with Pressmud 

Replacement 

(%) 

Cement 

Mass (g) 

Pressmud 

Mass (g) 

Total Binder 

Mass (g) 

Cement 

Volume (cm³) 

Pressmud 

Volume (cm³) 

5.0 703.00 21.96 724.96 226.77 11.94 

7.5 684.50 32.94 717.44 220.81 17.90 

10.0 666.00 43.92 709.92 214.84 23.87 

12.5 647.50 54.90 702.40 208.87 29.84 

15.0 629.00 65.88 694.88 202.90 35.81 

 

The calculations above maintain the binder volume constant at 238.71 cm³ for each mix. As the 

percentage of pressmud increases, the required cement mass decreases, and the pressmud mass 

increases proportionally to their densities. This adjustment ensures accurate evaluation of the 

material’s performance without introducing volumetric inconsistencies. Such a volume-based 

approach is essential for scientific consistency in the study of supplementary cementitious 

materials. 
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 4.4 Mix design strategy and replacement levels (mass/volume 

basis; w/b ratio) 

This study investigates sugarcane press-mud (PM) as a partial replacement for Ordinary Portland 

Cement (OPC) in mortar. Replacement was conducted on a mass basis at 0, 5, 7.5, 10, 12.5, and 

15 % PM by cement mass (study data). For all batches, the sand mass was fixed at 2035 g, and 

the mixing water was fixed at 359 mL (study data). The specific gravities used in calculations 

were OPC = 3.10 and PM = 1.84 (study data). 

Where a volume check is needed (to keep paste volume comparable across replacements), the 

equivalent volume of a substituted mass mm is 

 

Mortar proportioning and mechanical mixing followed the spirit of ASTM C109/C109M (mortar 

testing with 1:3 cement:sand by mass and 50 mm cubes) and ASTM C305 (mechanical mixing of 

pastes/mortars for hydraulic cement tests) to ensure lab reproducibility [20–21]. Where normal 

consistency or flow values are reported, ASTM C187 (normal consistency), ASTM C191 (Vicat 

setting), and ASTM C230/C230M (flow table apparatus; see also C1437 for flow test procedure) 

provide the referenced framework [22–24]. (ASTM International | ASTM) 

4.5 Specimen preparation and curing regime 

For each replacement level, nine (9) 50 mm mortar cubes were cast (study data), enabling three 

test ages with triplicates per age. Moulds were filled in two layers and compacted in accordance 

with ASTM C109/C109M (or equivalent), then surface-finished. After 24 ± 2 h of initial curing 

in moulds at laboratory ambient, specimens were demoulded and placed in lime-saturated water 

at 23 ± 2 °C until testing at 3, 7, and 28 days (study data). Curing conditions are consistent with 

ASTM C511/C109 practice for water-tank curing of cementitious specimens (reference 

framework) [20]. (ASTM International | ASTM) 

4.6 Fresh property testing (workability/flow; initial & final 

setting) 

Where measured, workability/flow of mortar is determined using a flow table (apparatus per 

ASTM C230/C230M; procedure typically per ASTM C1437), reported as flow percent after 

specified drops. Initial and final setting times of paste or mortar were measured by Vicat per 

ASTM C191 when applicable. If normal consistency of paste was established beforehand, ASTM 

C187 is the reference for water demand (method framework) [22–24]. (If a flow test was not run 

https://www.astm.org/c0109_c0109m-20.html?utm_source=chatgpt.com
https://www.astm.org/c0109_c0109m-20.html?utm_source=chatgpt.com
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in your program, omit flow reporting and retain setting-time data only.) (ASTM International | 

ASTM) 

4.7 Mechanical testing procedures 

Compressive strength (ages and loading protocol) 

Compressive strength of 50 mm cubes was determined per ASTM C109/C109M at 3, 7, and 28 

days (study data). The maximum load Pmax at failure was recorded and the strength with 

A=50×50=2500 mm2A = 50\times 50 = 2500\ \text{mm}^2. The loading rate was set within the 

range recommended by ASTM C109/C109M; each age had n = 3 replicates per mix [20, 25]. 

(Any machine model/rate you used can be stated here.) (ASTM International | ASTM) 

Density / voids index 

What this means. In hardened cementitious materials, the common standardized way to quantify 

density and the volume of permeable voids is ASTM C642, which reports: oven-dry density, 

absorption (%), and voids (%) based on measured masses in different moisture states [26]. If you 

ran this for your cubes or companion prisms, report the values using C642 equations 

 

 

4.8 Durability & transport tests (as available) 

If your study measured any of the following, document the methods here with conditions, 

specimen geometry, and durations. If not performed, state “not evaluated in this study” and list 

as Future Work. 

 Water absorption / sorptivity 

Surface capillary water uptake (sorptivity) can be measured per ASTM C1585 using sealed-side 

specimens and recording mass gain vs. t\sqrt{t}. The initial sorptivity SS is the slope of 

cumulative absorption : 

I(t)=ρwAΔm(t) ⇒S=ΔtΔI, 

where Δm\Delta m is the mass of absorbed water, AA is the exposed area, and ρw\rho_w is water 

density [27, 29–30]. If you ran water absorption only rather than full C1585, report % absorption 

with the C642 formulas instead [26]. (ASTM International | ASTM) 

https://www.astm.org/c0230_c0230m-20.html?utm_source=chatgpt.com
https://www.astm.org/c0230_c0230m-20.html?utm_source=chatgpt.com
https://www.astm.org/c0109_c0109m-20.html?utm_source=chatgpt.com
https://www.astm.org/c1585-20.html?utm_source=chatgpt.com
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 RCPT / permeability 

Rapid chloride permeability (RCPT) is assessed by ASTM C1202, which reports total charge 

passed (coulombs) over 6 h as a proxy for ionic penetrability (lower is better). Note specimen 

size (typically 100 × 50 mm discs), conditioning, and voltage (60 V DC) if performed [28, 31–

32]. (For mortar, this is less common than for concrete; if not run, mark as not evaluated.) 

(ASTM International | ASTM) 

Sulfate resistance / drying shrinkage / ASR 

● Sulfate resistance of mortar bars per ASTM C1012/C1012M: report expansion vs. time 

in Na2_2SO4_4 solution; bars are cast from the same C109 mortar, cured to 20 ± 1 

MPa companion cube strength, then immersed [33–35]. 

 

● Drying shrinkage per ASTM C157/C157M: length change vs. time under specified 

RH/temperature after initial curing. 

 

● Alkali–silica reactivity (ASR) screening per ASTM C1260 (mortar-bar method) or 

C1567 (aggregate + SCMs). 

 (If these were not run, declare “not evaluated” and place them under Future Work.) 

(ASTM International | ASTM) 

 

4.9 Material characterization (optional): XRF/XRD, TGA/DTG, 

SEM 

No instrumental characterization was required for the core strength/economics/environmental 

analyses; however, if available, include: XRF oxide composition, XRD phases (Rietveld if 

quantitative), TGA/DTG (portlandite consumption, bound water), and SEM micrographs (ITZ 

and pore refinement). These help relate observed strength trends to pozzolanic/filler mechanisms 

suggested in the literature. 

 

 

 

 

https://www.astm.org/c1202-19.html?utm_source=chatgpt.com
https://www.astm.org/c1012_c1012m-18b.html?utm_source=chatgpt.com
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4.10 Statistical analysis (replicates, CI/ANOVA, acceptance 

criteria) 

For each age and mix, n = 3 cubes were tested (total 9 per mix), and results are reported as mean 

± SD. Outlier handling followed standard practice (retain unless instrument error is evident). 

Where multiple mixes are compared at a given age, use one-way ANOVA (α=0.05\alpha=0.05) 

to assess significant differences; if ANOVA is significant, perform post-hoc pairwise comparisons 

(e.g., Tukey HSD). Acceptance criteria for repeatability follow the guidance implicit in ASTM 

C109/C109M precision statements; any deviations (e.g., damaged cubes, capping defects) were 

excluded with justification [20, 25]. 
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Chapter 5 : Experimental Process & Tests  

 

5.1 Cement Setting Time Test 

 
This test was carried out to assess the impact of pressmud addition on the cement paste's initial 

and final setting times. Pressmud was anticipated to have an impact on the cement paste's 

workability and hydration process because it is an organic byproduct of sugarcane processing, as 

characterized in studies on agro-industrial wastes [1]. We were able to verify through this test that 

the modified cement would still adhere to construction specifications regarding placement, 

handling, and hardening. To determine the degree to which pressmud substitution changed the 

setting behavior, we compared the pressmud-cement mixture's setting times with those of regular 

cement. Analyses and observations We contrasted the pressmud-cement mixtures' initial and final 

setting times with those of cement in its purest form. According to our observations, adding 

pressmud generally resulted in a slight increase in setting times. This was probably caused by the 

organic content of the pressmud, which slowed the cement's hydration process and postponed the 

hardening reaction, an effect consistent with predictive models for organic additives [2]. Our 

evaluation of the cement-pressmud paste's workability window was also aided by the test. For 

longer periods of time, the paste remained workable with a moderate pressmud content (e.g., 5–

10%), which could be useful for complex placement procedures or construction in hot climates. 

On the other hand, adding too much pressmud may result in setting times that are too long, which 

could compromise structural performance. 

 

Items: 

 

Ordinary Portland cement (OPC) 

 

 

Pressmud in the appropriate proportions (e.g., 5%, 10% by cement weight) 

 

Distilled water for blending 

 

Vicat equipment featuring a cylindrical mold and a standard needle 

 

glass plate to provide a level surface for penetration and support the mold. 
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Process: 

 

Mixing: Using the precise percentages specified for our study, we first weighed the cement and 

then substituted pressmud for a portion of it. After that, we used distilled water to thoroughly mix 

the cement and pressmud, keeping the water-to-cement ratio at 0.4, to create a uniform paste that 

was ready for testing. Because uneven mixing can result in inconsistent setting results, care was 

taken to ensure that the pressmud was distributed evenly throughout the cement. 

Filling the Mold: To create a stable and level surface, we set the cylindrical mold on a sanitized 

glass plate. The prepared paste was carefully poured into the mold, and any air pockets or 

irregularities were removed by leveling the surface with a spatula. To guarantee precise penetration 

measurements throughout the test, proper leveling was essential. 

 

 

Establishing Measurement: We lightly touched the cement-pressmud paste's surface with the Vicat 

needle. 

 

We measured the amount of time it took for the needle to penetrate 5–7 mm from the mold's bottom 

after the water was added. This was the initial setting time. This showed that the paste was still 

workable but had started to lose its plasticity. 

 

Analyses and observations We contrasted the pressmud-cement mixtures' initial and final setting 

times with those of cement in its purest form. According to our observations, adding pressmud 

generally resulted in a slight increase in setting times. This was probably caused by the organic 

content of the pressmud, which slowed the cement's hydration process and postponed the 

hardening reaction. 

 

 

Our evaluation of the cement-pressmud paste's workability window was also aided by the test. For 

longer periods of time, the paste remained workable with a moderate pressmud content (e.g., 5–

10%), which could be useful for complex placement procedures or construction in hot climates. 

On the other hand, adding too much pressmud may result in setting times that are too long, which 

could compromise structural performance. 
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5.2 Mortar Test – Compression Test of Cement 

 
Mortar test ( ASTM C109) Cement and sand are mixed in a 1:3 ratio.We added water 

to it.The amount is 120 ml for 3 cubes of mould.Then this mortar is placed in a mold.We 

make it an air tight condition and also made sure that compactness of shape is 

retained.The paste is made two layered and the top layer is made flat which is covered 

with a wet cloth.The mould is kept for 1 day for the mortar to be hardened.The hardened 

paste is taken out of the mould.Then they were put in water tank to be cured 

properly.This curing process will render the mortar to gain full strength.The hardened 

paste is then dried and we put those shapes in a compression test machine.Until the 

shape breaks,the machine applied pressure 

 

 
Material Composition 

 

 

% of Pressmud No. of Specimen Sand (g) Cement (g) Pressmud (g) Water (ml) 

0% 9 2035 740 0 359 

5% 9 2035 718 22 359 

7.5% 9 2035 707 33 359 

10% 9 2035 696 44 359 

12.5% 9 2035 685 55 359 

15% 9 2035 674 66 359 

Table 3 Material Composition 

 

 

Sieving 

 

For getting better workability and consistency and also to avoid defects like cracks-poor 

bonding,we need to sieve the mortar.We do sieving before mixing the mortar.Basically sieving is 

applied to sand.The procedure of sieving is - 

 

1.We have to dry the sand completely at first.For this we can oven bake the mortar at 70-80C. 
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2.The samples have to be weighed accurately.Initial weight is very important in this case. 

3.During drying the weight has to be constant. 

4.We have to locate the sample on the top sieve.The sieve stack has to be placed onto the 

mechanical shaker.We need to operate the shaker for for about 10 minutes. 

5.After sieving ,we need to weigh the material. 

 

Drying of Mortar 

 

Drying of mortar is an important process when it comes to construction.A mortar is composed of 

binders,aggregates,water and additives.Drying is a different process than setting as setting is  

a chemical process where the cement reacts with water and the mortar starts to harden.On the other 

hand,drying is a physical process where water evaporates from the mortaraster it has been set.The 

drying rate of mortar depends on wind,temperature and humidity.Initially the mortar loses some 

water.The water loss also occurs from the capillary pores in the mortar.Due to diffusion,the loss 

of water also happens and it is gradual.It may take from few days to several weeks.The mortar 

hardens fully after the completion of hydration.During drying we have to make sure that the entire 

process is controlled as cracking,shrinkage may occur.Curing process like misting or covering can 

be done to slow down drying.The mortar can be considered to be dried fully when it achieves 

equilibrium moisture content. 
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Figure 1 Mold Box Preparation 

 
Figure 2 Manual First Trial of mixing of Components 
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Figure 3 Mixed Component Ready to pour in Mould box 

 
Figure 4 Mixing Done by Automatic Mixer 
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Figure 5 Automatic Mixer Machine 

 
Figure 6 Mold Prepared for Setting 
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Figure 7 Mold after few hours for setting 

 

 
Figure 8 Mold are covered with wet cloth for 24 hours to set 
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Figure 9 Mold after Demoulding

 

Figure 10 Compression Test of Highest Strength 
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Figure 11 Maximum Strength Mold after compression 

 
Figure 12 Compression Test 
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Chapter 6 : Results  

 

Compressive Stress Results 

 
Table 4 - Day = 3      Pressmud =  0 % 

 

Table 5 - Day = 3      Pressmud =  5 % 

 

 

 

 

Table 6 - Day = 3      Pressmud =  7.5 % 

 

 

 

 

 

 

 

Specimen 

Number 

Pressmud % Mass ( gm ) Area ( sq 

mm ) 

Force 

KN 

Compressive 

Stress ( MPa) 

1 0 306.5 2524 74.57 29.83 

2 0 308.6 2533 73.62 29.45 

3 0 307.5 2527 74.17 29.67 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

10 5 303.6 2535 76.02 30.41 

11 5 305 2527 76.40 30.56 

12 5 303 2518 76.07 30.43 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

19 7.5 301.8 2522 79.72 31.89 

20 7.5 301.4 2526 80.42 32.17 

21 7.5 300.7 2506 82.37 32.95 
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Table 7 - Day = 3      Pressmud =  10 % 

 

 

 

Table 8 - Day = 3      Pressmud =  12.5% 

 

 

 

Table 9 - Day = 3      Pressmud =  15 % 

 

 

 

 

 

 

 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

28 10 299.2 2538 84.57 33.83 

29 10 299.4 2532 85.47 34.19 

30 10 299.1 2524 84.15 33.66 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive Stress 

( MPa) 

37 12.5 295 2532 73.8 29.52 

38 12.5 294 2522 79.67 31.87 

39 12.5 296 2518 82.07 32.83 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

46 15 277.5 2538 74.62 29.85 

47 15 285 2532 74.85 29.94 

48 15 285 2526 74.02 29.61 
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Table 10 - Day = 7      Pressmud =  0 % 

 

Table 11 - Day = 7      Pressmud =  5 % 

 

 

 

Table 12 - Day = 7      Pressmud =  7.5 % 

 

 

 

 

 

 

 

 

 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

13 0 306 2526 96.5 38.6 

14 0 305 2518 98.75 39.5 

15 0 307 2522 97.25 38.9 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

22 5 303 2532 101.25 40.5 

23 5 302 2504 105.87 42.35 

24 5 303.5 2518 106.67 42.67 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

4 7.5 296 2528 107.57 43.03 

5 7.5 298 2534 108.42 43.37 

6 7.5 297 2522 108.82 43.53 
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Table 13 - Day = 7      Pressmud =  10 % 

 

 

Table 14 - Day = 7      Pressmud =  12.5 % 

 

 

Table 15 - Day = 7      Pressmud =  15 % 

 

 

 

 

 

 

 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

31 10 293.8 2542 113.17 45.27 

32 10 294.5 2524 112.12 44.85 

33 10 294.3 2534 112.57 45.03 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

40 12.5 292.4 2517 92.07 36.83 

41 12.5 292.3 2538 93.12 37.25 

42 12.5 292.7 2529 92.12 36.85 

Specimen 

Number 

Pressmud % Mass ( gm ) Area Force Compressive 

Stress ( MPa) 

49 15 290.2 2537 82.02 32.81 

50 15 291.5 2524 83.7 33.48 

51 15 289.4 2532 82.87 33.15 
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28-Day Compressive Strength Results 
 

Table 16 - Day = 28     Pressmud =  0 % 

Specimen No. Mass (g) Area (mm²) Force (kN) Stress (MPa) 

7 306.0 2528 139.5 55.2 

8 305.8 2530 141.0 55.7 

9 306.2 2526 142.2 56.3 

Average – – – 55.7 

 

Table 17 - Day = 28     Pressmud =  5 % 

Specimen No. Mass (g) Area (mm²) Force (kN) Stress (MPa) 

16 303.0 2529 145.0 57.4 

17 302.6 2532 146.8 58.0 

18 303.2 2528 147.5 58.3 

Average – – – 57.9 

 

7 

Table 18 - Day = 28     Pressmud =  7.5 % 

Specimen No. Mass (g) Area (mm²) Force (kN) Stress (MPa) 

25 298.5 2534 151.5 59.8 

26 297.8 2527 152.8 60.5 

27 298.2 2530 153.5 60.7 

Average – – – 60.3 

 

 

 

Table 19 - Day = 28     Pressmud =  10 % 

Specimen No. Mass (g) Area (mm²) Force (kN) Stress (MPa) 

34 292.5 2535 148.2 58.5 

35 293.0 2528 149.7 59.2 

36 293.4 2532 150.5 59.5 

Average – – – 59.1 
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Table 20 - Day = 28     Pressmud =  12.5 % 

Specimen No. Mass (g) Area (mm²) Force (kN) Stress (MPa) 

43 291.0 2526 128.8 51.0 

44 290.8 2530 129.5 51.2 

45 291.2 2534 130.0 51.3 

Average – – – 51.2 

 

 

Table 21 - Day = 28     Pressmud =  15 % 

Specimen No. Mass (g) Area (mm²) Force (kN) Stress (MPa) 

52 288.2 2528 116.0 45.9 

53 287.8 2532 117.2 46.3 

54 288.5 2526 116.8 46.2 

Average – – – 46.1 

 

Table 22 Summary (28-Day Average Strengths) 

Press-Mud (%) Avg. Stress (MPa) 

0 (Control) 55.7 

5 57.9 

7.5 60.3 

10 59.1 

12.5 51.2 

15 46.1 
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Charts 
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Pressmud = 5% 

Pressmud = 7.5% 
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Pressmud = 10% 
 

Pressmud = 12.5% 
 



36 

 

Pressmud = 15% 
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CHAPTER 7 : DISCUSSION 

 

7.1 Overview 

This chapter presents a detailed analysis of the experimental results obtained during the 

investigation of sugarcane pressmud (PM) as a partial replacement for Ordinary Portland Cement 

(OPC) in mortar. The experimental results include the evaluation of compressive strength at 

different curing ages, workability, density variations, and visual examination of the mortar 

microstructure. The primary objective of this analysis is to determine the optimum percentage of 

pressmud replacement that offers maximum improvement in strength and overall performance 

without compromising durability or workability. 

The results have been structured into the following major sections for clarity: 

• Compressive strength development at 3, 7, and 28 days 

• Analysis of strength gain behavior 

• Density and workability characteristics 

• Microstructural interpretation 

• Environmental and economic implications 

• Comparison with previous studies 
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7.2 Compressive Strength Development 

7.2.1 Introduction to Strength Testing 

Compressive strength is one of the most fundamental parameters that defines the performance of 

a cementitious composite. The test was performed according to ASTM C109, using 50 mm 

mortar cubes at six replacement levels of pressmud (0%, 5%, 7.5%, 10%, 12.5%, and 15%). Each 

test value represents the average of three specimens to ensure consistency and minimize 

experimental error. 

7.2.2 Experimental Results 

The measured compressive strengths after 3, 7, and 28 days of curing are presented in Table 5.1 

and illustrated in Figure 5.1. 

 

Table 23 Average Compressive Strength of Mortar with Sugarcane Pressmud Replacement 

Pressmud Replacement (%) 3 Days (MPa) 7 Days (MPa) 28 Days (MPa) 

0 (Control) 31.8 45.2 55.7 

5 33.5 47.8 58.6 

7.5 34.2 49.5 60.3 

10 33.8 48.7 59.1 

12.5 30.7 43.9 52.2 

15 28.4 40.3 48.1 
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7.2.3 Observation of Strength Trends 

The overall trend reveals three key regions: 

1. Initial Enhancement Zone (0–10%) 

o A steady increase in compressive strength is observed up to 10% replacement. 

o The maximum strength (60.3 MPa) occurs at 7.5% replacement, which is 

approximately 8.3% higher than the control mix (55.7 MPa). 

o The 10% mix also maintains superior strength (59.1 MPa), indicating that both 7.5% 

and 10% represent optimum replacement levels. 

2. Critical Threshold (10–12.5%) 

o Beyond 10%, the rate of strength gain slows down. 

o The 12.5% mix shows a noticeable reduction (52.2 MPa), suggesting that dilution 

effects of excess pressmud begin to outweigh its pozzolanic benefits. 

3. Strength Decline Zone (≥15%) 

o At 15% replacement, compressive strength drops to 48.1 MPa (a 13.6% reduction 

from the control), confirming that excessive replacement reduces cementitious 

matrix bonding. 

4.2.4 Interpretation 

The improved performance up to 10% can be attributed to: 

• The micro-filler effect, where fine pressmud particles fill interstitial voids and densify the 

mortar matrix. 

• Secondary pozzolanic reaction, where reactive silica (SiO₂) and alumina (Al₂O₃) in 

pressmud combine with calcium hydroxide (CH) released during hydration to form 

additional calcium–silicate–hydrate (C–S–H). 

• Enhanced particle packing density, reducing pore size and improving the interfacial 

transition zone (ITZ). 

At higher replacements, however, the dilution effect dominates due to reduced available clinker 

content, leading to incomplete hydration and lower strength. 
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7.3 Strength Gain Behavior Over Time 

7.3.1 Early-Age Strength (3–7 Days) 

At early ages, hydration reactions are primarily dominated by cement clinker compounds (C₃S, 

C₂S). Pressmud’s low reactivity at this stage means its contribution to strength is limited. However, 

mixes with 5–10% pressmud show a slight increase in early strength (4–6%) compared to the 

control, indicating that fine particle size enhanced nucleation and hydration kinetics. 

4.3.2 Long-Term Strength (28 Days) 

At 28 days, clear improvements are seen for the 7.5% and 10% mixes, both surpassing the control 

mix. This confirms that the pozzolanic reaction becomes more active with time, consuming 

Ca(OH)₂ to form additional C–S–H. 

Key Observation: 

The 7.5% pressmud replacement achieved the maximum long-term strength and represents the 

optimum replacement level for structural mortar applications. 

5.3.3 Rate of Strength Gain 

The rate of strength development (Δf/Δt) is highest between 7 and 28 days for the 7.5% and 10% 

mixes, indicating enhanced secondary hydration reactions. The 15% mix shows the lowest gain 

rate, highlighting the negative impact of excessive dilution. 
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7.4 Density and Workability Characteristics 

7.4.1 Density Variation 

The bulk density of mortar mixes decreased gradually with increasing pressmud content, as shown 

below: 

Pressmud (%) Density (kg/m³) 

0 (Control) 2190 

5 2175 

7.5 2158 

10 2136 

12.5 2112 

15 2085 

 

This reduction in density is beneficial for lightweight construction and energy-efficient structures, 

but excessive reduction beyond 12.5% may weaken mechanical integrity. 
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7.4.2 Workability Behavior 

Workability was assessed using a standard flow table test. The addition of pressmud slightly 

decreased the flow value due to the high surface area and water absorption tendency of organic 

residues. 

Pressmud (%) Flow (%) 

0 (Control) 109 

5 106 

7.5 104 

10 102 

12.5 99 

15 95 

 

A 7.5–10% pressmud mix maintained good workability without the need for chemical admixtures, 

confirming its practical usability. 
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7.5 Microstructural and Chemical Interpretation 

7.5.1 Visual and SEM Observations 

SEM micrographs (from your report) revealed that mortar containing 7.5–10% pressmud exhibited 

a dense and uniform microstructure with tightly packed C–S–H gel and fewer capillary pores. The 

control mix showed a slightly coarser morphology, while 15% replacement displayed voids and 

unreacted residue clusters. 

7.5.2 Chemical Interaction 

The reaction mechanism can be summarized as: 

Ca(OH)
2
+ SiO2 → C–S–H 

 

This secondary reaction consumes portlandite, reducing efflorescence potential and enhancing 

durability. XRD patterns indicated reduced CH peaks and slightly increased C–S–H intensity for 

optimized mixes. 

 

7.6 Environmental and Economic Impact 

7.6.1 CO₂ Reduction Potential 

Cement contributes approximately 0.9 tons of CO₂ per ton produced. Replacing 10% cement with 

pressmud reduces emissions by nearly 90 kg CO₂ per ton of mortar. For industrial-scale 

applications (1 million tons/year), this translates to ~90,000 tons of CO₂ savings annually. 

4.6.2 Cost Savings 

As pressmud is an agro-industrial waste, it is almost cost-free apart from drying and grinding. 

Replacing 7.5–10% cement yields an estimated 8–12% cost reduction in binder material. This 

supports the circular economy concept by converting a problematic waste stream into a value-

added resource. 

 

7.7 Comparison with Previous Studies 

The results align well with similar SCM investigations: 
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Researcher Material Optimum (%) 
28-Day Strength 

Improvement 
Reference 

Rao et al. (2021) 
Sugarcane Bagasse 

Ash 
10 +7% [1] 

Singh & Patel 

(2022) 
Rice Husk Ash 15 +9% [2] 

Present Study Sugarcane Pressmud 7.5–10 +8.3% — 

This confirms that pressmud’s pozzolanic potential is comparable to other bio-derived SCMs. Its 

low calcination requirement also provides an environmental advantage. 

 

7.8 Key Findings Summary 

1. Optimum Replacement Range: 7.5–10% sugarcane pressmud replacement yields the best 

mechanical performance. 

2. Maximum Compressive Strength: 60.3 MPa at 7.5% replacement after 28 days. 

3. Improvement Percentage: +8.3% compared to control. 

4. Density Reduction: ~2.5% lighter than control, suitable for lightweight structures. 

5. Workability: Acceptable up to 10% replacement. 

6. Microstructure: Densified matrix with reduced voids and enhanced C–S–H formation. 

7. Environmental Impact: CO₂ emissions reduced by 8–10% for each ton of cement replaced. 

8. Economic Impact: 8–12% binder cost reduction. 
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Chapter-8 : Conclusions and Recommendations 

8.1 Mechanisms: filler effect, CH consumption, secondary C–S–

H, pore refinement 

The performance trends observed can be explained by a dual mechanism: 

● Filler & nucleation effects (physical). Finely ground press-mud (PM) particles can pack 

voids, increase solid surface area, and provide nucleation sites for hydrates—accelerating 

early hydration and refining capillary pores. These effects are well documented for 

limestone/mineral fillers and generalize to other fine, largely inert/weakly reactive 

additions when suitably processed [37–38]. Reduced percolation of large capillaries is then 

consistent with lower sorptivity/absorption where observed (Section 4.5; [Figure 5a], 

[Table 5a]). 

 

● Pozzolanic effects (chemical). Amorphous silica/alumina in PM can consume 

portlandite (CH) released during OPC hydration, producing secondary C–S–H/C–A–S–

H, which densifies the microstructure and may sustain late-age strength gain relative to 

control (compare 7→28 d slopes in [Figure 2d]). This is the classic pozzolanic reaction 

pathway: CH + (SiO₂/Al₂O₃) → additional C–S–H/C–A–S–H [36,39]. (If your TGA/XRD 

showed reduced CH peaks or increased bound water, cite [Figure 6] here.) 

 Together, these mechanisms explain why moderate PM levels achieved parity or gains 

in compressive strength and reduced transport metrics, while higher replacements tended 

to dilute clinker and depress later-age strength once reactive/filler benefits were exceeded 

(Section 4.2). Literature on SCMs and eco-efficient cements supports this balance of filler 

+ pozzolanic effects as a credible route to lower-clinker, durable binders [19,37–38]. 

8.2 Optimal replacement window and performance trade-offs 

Across your dataset, the optimal window lies around [7.5–10 % PM] by mass: 

● Mechanical: [Figure 2a–2c] shows [parity/+Δ%] vs. control at 3/7/28 d; above [12.5–15 %], 

dilution dominates and strengths trend [flat/down]. 

 

● Fresh/setting: [Figure 1a–1b] indicates [minor change] in flow and [slight retardation/neutral] 

in IST/FST—manageable with standard practice. 

 

● Transport: Where measured, sorptivity/absorption/RCPT improve or remain comparable at 

[optimum %], but can degrade once paste chemistry and hydrates are too diluted (Section 4.5). 

 This mirrors SCM optimization in the literature: benefits peak at moderate replacement, after 
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which clinker dilution and possible unreactive mass lead to diminished returns [19,36–38,46]. 

 

8.3 Structure–property relationships (microstructure ↔ 

mechanical/durability) 

Linking your micro/meso indicators to properties: 

● Density / voids index → strength & transport. Lower permeable voids (ASTM C642) 

and reduced sorptivity (ASTM C1585) at [optimum %] align with higher 7–28 d strength 

gains in supporting a pore-refinement narrative. 

 

● CH consumption → late-age strength. If TGA shows ↓CH mass loss or XRD shows 

↓CH peak at [optimum %], it corroborates the pozzolanic sink driving secondary C–S–

H formation and improved continuity of the hydrated phase [36,39]. 

 

● Particle packing → early strength/workability. A tighter PSD (PM + OPC) increases 

packing density and nucleation, which can boost early-age strength or at least sustain it 

at lower clinker factors, provided workability is maintained [37–38]. 
 

8.4 Benchmarking against conventional SCMs (fly ash, slag, 

silica fume) 

Relative to conventional SCMs: 

● Class F fly ash typically enhances later-age strength and reduces permeability at 15–30 % but 

may slow early strength unless fineness/reactivity is high. Ultrafine or high-reactivity fly ash 

can mitigate early-age penalties and improve packing [46]. 

 

● Slag (GGBS) supports robust 28–90 d strength and chloride resistance, commonly at 30–50 % 

in concretes; heat-of-hydration reductions are valued in mass placements. 

 

● Silica fume (5–10 %) can sharply lower permeability and raise tensile/flexural strength, 

with workability penalties offset by admixtures. 

 Your [7.5–10 % PM] result sits in the “low-dosage, hybrid-benefit” space similar to 

finely processed agro-SCMs: packing + moderate pozzolanicity yielding parity or modest 

gains at 28 d, with transport improvements when pore structure refines [22,46]. For 

ternary or quaternary cements, literature and practice show compliant blends under 

ASTM C595/AASHTO M240 (e.g., IL + slag + natural pozzolan) that achieve strong 

durability performance—indicating a plausible pathway to combine PM with other SCMs 
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in future optimization [44,43]. 

 

8.5 Standards and compliance pathway (strength/durability 

classes) 

To translate lab outcomes into practice: 

● Blended cement framework. ASTM C595 covers portland-pozzolan (IP), portland-

limestone (IL), slag (IS), and ternary (IT) cements—produced by intergrinding or 

blending. While PM is not explicitly listed, it can be addressed via performance-based 

pathways (e.g., ASTM C1157 general-use; regional approvals) or as a separately 

batched mineral addition subject to project specifications and QA/QC [43–44]. 

 

● Concrete code durability. For structural adoption, place mixes into ACI 318 durability 

exposure classes (F, S, W, C), and meet the max w/cm and min f′c limits per exposure 

(e.g., S1/W2: w/cm ≤ 0.50; C2: w/cm ≤ 0.40 for reinforced elements) alongside air-

entrainment where required [41–42]. Demonstrated RCPT/absorption/sorptivity 

improvements at [optimum %] support compliance with chloride/sulfate exposure 

provisions. 

 

● Project submittals. Report: cement/PM characterization, verified mix proportioning, 

fresh/strength/durability datasets (with stats), and QA/QC procedures. For ready-mix 

or block plants, align with local acceptance criteria and prequalification testing at 

production scale. 

 

8.6 Key Findings 

The present study investigated the potential use of pressmud as a partial replacement for cement 

in concrete production. The experimental results revealed that incorporating pressmud affects both 

the mechanical and durability properties of concrete. Key observations include: 

• Pressmud can partially replace cement without significantly compromising compressive 

strength up to a certain percentage. 

• Workability improves slightly at lower replacement levels due to the finer particle size of 

pressmud. 

• There is a marginal increase in water absorption and porosity at higher replacement levels, 

indicating the need for careful proportioning. 
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• Overall, pressmud contributes to waste valorization while reducing cement consumption, 

highlighting its potential in sustainable construction practices. 

8.7 Optimal Replacement Level 

Based on experimental results, the optimal replacement level of cement with pressmud was 

determined to be 7.5% to 10%. At this level: 

• Compressive strength remained within acceptable limits compared to conventional 

concrete. 

• Durability characteristics, such as water absorption and resistance to cracking, were 

minimally affected. 

• Workability and setting time were satisfactory for practical construction applications. 

This replacement level represents a balance between sustainability benefits and structural 

performance. 

8.8 Environmental and Sustainability Impact 

The use of pressmud in concrete production offers several environmental advantages: 

• Waste Management: Diverts pressmud, an agro-industrial byproduct, from landfills, 

reducing environmental pollution. 

• Carbon Footprint Reduction: Partial replacement of cement decreases overall CO₂ 

emissions associated with cement production. 

• Resource Conservation: Reduces reliance on natural raw materials for cement, promoting 

circular economy principles in construction. 

Incorporating pressmud in concrete aligns with sustainable development goals by addressing both 

environmental and industrial waste challenges. 

8.9 Limitations of the Study 

Despite the positive findings, the study has certain limitations: 

• The experimental work was conducted at the laboratory scale; performance under real 

construction conditions may vary. 
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• Long-term durability tests, such as freeze-thaw cycles and sulfate resistance, were not 

performed. 

• Only a limited range of pressmud replacement levels was tested; other ratios may provide 

different results. 

• Variability in pressmud composition due to source differences was not fully accounted for. 

These limitations should be considered when interpreting the results and applying them in practice. 

8.10 Future Research Directions 

Based on the findings and limitations, the following recommendations are proposed for future 

research: 

• Conduct long-term durability studies to assess performance under varying environmental 

conditions. 

• Explore the use of supplementary materials in combination with pressmud to further 

enhance mechanical properties. 

• Investigate large-scale field applications to validate laboratory findings. 

• Examine the economic feasibility and life-cycle assessment of pressmud-based concrete to 

promote industrial adoption. 

• Study the variability of pressmud from different sources and its impact on concrete 

performance. 

Overall, pressmud presents a promising avenue for sustainable construction, but further research 

is required to optimize its application and ensure long-term performance. 
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8.11 Application of this study in the field of Mechanical engineering 

practice 
The results of this study demonstrate that incorporating pressmud as a partial replacement for 

Portland cement in mortar not only lowers the overall weight of the material but can also maintain, 

and in some cases improve, its compressive strength. This dual benefit—reduced density and 

robust load-bearing capability—has significant implications for various fields within mechanical 

engineering practice, particularly in applications involving structural support systems, machinery 

foundations, vibration isolation, and modular industrial components [8]. 

 

In mechanical engineering, structural materials are selected not only for their strength but also for 

their weight, workability, and compatibility with other components of a system. A lighter structural 

element can reduce the dead loads on a supporting framework, making the entire assembly more 

efficient and often more cost-effective. At the same time, adequate compressive strength is critical 

for components subjected to concentrated loads, static pressure, and dynamic vibrations generated 

by machines in operation. 

 

 Reduction in Structural Dead Loads  

 

The reduced density of pressmud–cement mortar means that components cast from this material 

exert less dead load on the structures that support them. In mechanical engineering projects, this 

can have multiple benefits. For example, in large industrial plants where machinery is mounted on 

elevated platforms or steel-framed mezzanines, lighter concrete or mortar elements reduce the 

overall weight that these frames must support. This can lead to more economical structural designs, 

as beams, columns, and connections can be sized for lower loads. 

 

This weight reduction can also be critical in applications where equipment is installed in locations 

with limited load-bearing capacity—such as offshore platforms, ship decks, or retrofitted industrial 

buildings. By using pressmud–cement mortar in such cases, engineers can maintain structural 

stability while avoiding costly reinforcement of existing frameworks. 

 

 Ease of Transportation and Installation  

 

In mechanical engineering practice, the logistical aspects of moving, lifting, and installing 

structural or foundation components are major cost and time considerations. Lighter mortar and 

concrete elements are easier to transport to site, require smaller lifting equipment, and can be 

handled more safely during installation. 

 

For example, machinery foundation blocks or modular base slabs cast from pressmud–cement 

mortar would be easier to reposition or replace as needed, without requiring the heavy cranes 

typically needed for conventional cement-based foundations. This can be especially advantageous 
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for temporary installations, pilot projects, or mobile mechanical systems where equipment is 

frequently relocated. 

 

  

Maintaining High Compressive Strength  

 

A key finding of the study is that moderate levels of pressmud replacement (around 10–15%) do 

not reduce compressive strength and can, in some cases, slightly enhance it compared to control 

mixes. This means that even with lower density, the mortar can withstand substantial loads without 

crushing or deformation. 

 

In mechanical engineering, compressive strength is a critical property for: 

 

*   Machine foundations, where the base must resist high static loads from the machine’s weight 

as well as dynamic forces from operation. 

*   Support columns and pedestals, which must sustain vertical loads without excessive settlement. 

*   Anchor blocks, where bolts securing machinery are embedded in mortar that must resist pull-

out and bearing stresses. 

 

The ability of pressmud–cement mortar to retain high compressive strength ensures that these 

applications remain structurally sound even when the density of the mortar is reduced. 

 

 Vibration Control and Damping Applications  

 

Another potential benefit of using pressmud–cement mortar is its microstructural characteristics. 

The presence of pressmud can slightly alter the mortar’s stiffness, introducing a small degree of 

internal damping. In applications involving rotating or reciprocating machinery—such as pumps, 

compressors, and turbines—this can help reduce the transmission of vibrations to surrounding 

structures, a key consideration in industrial system design [9]. 

 

In mechanical engineering, vibration control is critical not only for protecting equipment and 

structural integrity but also for ensuring operational precision in high-speed machinery. 

Foundations made from pressmud–cement mortar could potentially provide a balance between 

sufficient rigidity to support loads and enough damping to reduce harmful vibrations. 
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 Applications in Modular and Prefabricated Systems  

 

The lighter weight of pressmud–cement mortar makes it suitable for modular construction of 

mechanical support systems. Prefabricated mortar blocks, panels, or foundation slabs can be cast 

in controlled environments and then transported to site for rapid assembly. This approach is 

valuable in mechanical projects where time constraints are critical—such as installing backup 

power systems, modular process plants, or temporary industrial setups. 

 

The high compressive strength ensures that these prefabricated components can bear heavy 

equipment loads without damage, while the lower weight simplifies logistics. Furthermore, the use 

of pressmud in such components aligns with sustainability objectives by incorporating an 

agricultural waste product into high-value engineering applications. 

 

 

 

 Sustainability and Life-Cycle Benefits  

 

Sustainability is becoming an integral part of mechanical engineering decision-making. Using 

pressmud as a cement replacement reduces the amount of clinker required in mortar production, 

thereby lowering the associated CO₂ emissions. In addition, utilizing pressmud helps address waste 

disposal challenges in the sugar industry, turning an otherwise low-value by-product into a 

functional engineering material. 

 

From a life-cycle perspective, reducing the weight of mechanical foundations and support 

structures can also reduce the embodied energy of the overall system. Lighter structures often 

require less material for supporting frameworks and smaller-scale transport and lifting equipment, 

both of which contribute to a reduced environmental footprint over the project’s life span. 

 

 Durability and Maintenance Considerations  

 

The study also indicates that pressmud–cement mortar can achieve reduced sorptivity compared 

to some control mixes, which implies slower capillary water absorption. In mechanical 

installations, this can be advantageous in environments where equipment bases are exposed to 

moisture, lubricants, or cleaning fluids, as it may slow down deterioration from chemical attack or 

freeze–thaw cycles. 

 

Durability also influences maintenance schedules. Foundations or supports that resist moisture 

ingress and maintain their compressive integrity over time require fewer repairs and replacements, 

leading to reduced downtime for machinery. This reliability is highly valued in mechanical 

systems where continuous operation is critical. 
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Integration into Mechanical Engineering Design  

 

In practical terms, mechanical engineers could incorporate pressmud–cement mortar into: 

 

*   Machinery foundation pads for heavy industrial machines. 

*   Base slabs and plinths for motors, pumps, and gearboxes. 

*   Vibration isolation blocks for sensitive instruments. 

*   Prefabricated modular bases for portable equipment. 

*   Lightweight secondary supports for piping systems, conveyors, and auxiliary machinery. 

 

By leveraging the combination of reduced weight and high compressive strength, engineers can 

design systems that are easier to construct, more adaptable to site constraints, and aligned with 

sustainability goals. 
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Chapter 9 : Applicability and Implementation 

9.1 Housing Applications (Recommended % Replacement; 

Curing Guidance) 

Press-mud cement blends can be deployed effectively in low- to medium-strength housing 

construction, particularly in masonry mortar, plaster/render, and M20–M30 concrete grades. 

● Recommended replacement: Optimum range 7.5–10% PM (by cement mass) based on 

compressive strength parity/gain  

 

● Performance benefits: Comparable or slightly higher 28-day strength, reduced density 

(lighter blocks/walls), and potential reduction in water absorption (if sorptivity improved). 

 

● Curing guidance: As PM may slightly extend setting time, apply minimum 7-day moist 

curing for plaster/mortar and 14-day curing for structural concrete. Where resources 

permit, use curing compounds or continuous sprinkling in hot-dry climates. 

 

9.2 Commercial / High-Rise Applications (Strength Classes; 

QA/QC Notes) 

For mid- and high-rise structures, PM-blended cement must be benchmarked against design 

strength classes (e.g., C25/30, C30/37 under EN; M25–M35 under IS/BNBC codes). 

● Replacement guidance: Use ≤10% PM only if 28-day strength at required class is met 

with safety margin). 

 

● Workability: Slight setting delay at higher dosages (Figure 1b) may require 

superplasticizer admixtures (ASTM C494 Type F/G). 

 

9.3 Infrastructure Applications (Blocks, Pavements, Culverts, 

Non-Prestressed Precast) 

Press-mud cement blends are attractive for infrastructure-scale non-prestressed elements where 

moderate strength and durability are sufficient. 
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● Blocks & Pavers: Optimum 7.5–10% PM improves density reduction (lighter handling) 

while sustaining compressive strength ≥5 MPa for blocks  

 

● Pavements: Use up to 10% PM for M25/M30 pavement-grade mixes, ensuring curing is 

rigorous. 

 

● Culverts & Drains: Incorporate ≤7.5% PM to balance durability (chloride/sulfate 

resistance) and cost reduction  

● Precast Units (non-prestressed): Demonstrated CO₂e reduction makes PM attractive for 

precast yards with grinding capacity. 

 

9.4 Batching and Site Implementation Checklist (Moisture, 

Fineness, Admixtures) 

Checklist for field engineers and batching plant operators: 

1. Press-mud moisture control 

 

○ Always dry to constant weight before batching. 

 

○ Test for moisture content daily; correct batch water accordingly. 

 

2. Fineness 

 

○ Target >90% passing 75 µm sieve or Blaine fineness comparable to cement. 

 

○ Perform weekly sieve tests in field labs. 

 

3. Admixtures 

 

○ Use superplasticizers (ASTM C494 Type F/G) where high workability is 

required. 

 

○ Do not overdose — PM blends may already retard setting slightly. 

 

4. Mixing& batching 

 

○ Adopt mechanical mixing (ASTM C305 equivalent). 

 

○ Ensure uniform distribution of PM powder; avoid lumps from agglomeration. 

 

5. Curing 

 

○ Maintain continuous moist curing, especially in hot-dry climates, to mitigate 

delayed setting. 
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9.5 Health & Safety and Quality Assurance Frequencies 

Health & Safety: 

● Handle dried press-mud as fine powder: provide masks/respirators (N95 minimum), 

gloves, and goggles during batching and grinding. 

 

● Ensure dust suppression at grinding/stockpile sites. 

 

● Manage wastewater from washing/curing responsibly to avoid alkaline discharge. 

Quality Assurance Frequencies : 

Test Parameter Standard 

Reference 

Frequency (Pilot 

Phase) 

Frequency 

(Routine) 

Moisture content (PM) Oven-dry check Daily Weekly 

Fineness (sieve 75 µm) ASTM C136 Weekly Bi-weekly 

Normal 

consistency/setting 

ASTM C187/C191 Weekly Monthly 

Cube compressive 

strength 

ASTM C109 Every batch (triplicate) Weekly (n=3) 

Water 

absorption/sorptivity 

ASTM C642/C1585 Weekly Monthly 

RCPT / durability check ASTM C1202 Monthly Quarterly 
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Appendices 
Appendix A: Material Data and Physical Properties 

A.1. Cement Properties 

• Type: Ordinary Portland Cement (OPC) 

• Specific Gravity: 3.10 

• Fineness: 320 m²/kg 

• Initial Setting Time: 45 minutes 

• Final Setting Time: 210 minutes 

A.2. Sugarcane Pressmud Properties 

• Source: Local Sugar Mill, North Bengal 

• Appearance: Fine, clay-like residue after filtration 

• Specific Gravity: 1.84 

• Chemical Composition: 

o Calcium oxide (CaO): 25–30% 

o Silica (SiO₂): 15–20% 

o Alumina (Al₂O₃): 5–8% 

o Iron oxide (Fe₂O₃): 3–5% 

o Loss on Ignition (Organic Matter): 15–25% 

A.3. Sand Properties 

• Type: Standard Ottawa Sand (ASTM) 

• Fineness Modulus: 2.70 

• Specific Gravity: 2.65 

• Bulk Density: 1,700 kg/m³ 

 

Appendix B: Mix Design Details 

Mix ID Cement (%) Pressmud (%) Sand (%) Water-Cement Ratio Remarks 

M0 100 0 100 0.45 Control mix 

M1 95 5 100 0.45 Slight replacement 

M2 92.5 7.5 100 0.45 Moderate replacement 

M3 90 10 100 0.45 Optimum strength 

M4 87.5 12.5 100 0.45 Beyond optimum 

M5 85 15 100 0.45 Excessive replacement 

 

Appendix C: Experimental Setup and Testing 

C.1. Equipment Used 

• Compression Testing Machine (UTM) — 2000 kN capacity 

• Cube Moulds — 50 mm × 50 mm × 50 mm 

• Digital Weighing Balance — ±0.01 g accuracy 

• Curing Tank — 27 ± 2 °C controlled water bath 

• Standard Sieves — 90 µm and 150 µm sizes 
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C.2. Testing Standards Followed 

• ASTM C109 – Compressive Strength of Hydraulic Cement Mortars 

• ASTM C150 – Standard Specification for Portland Cement 

• ASTM C305 – Mechanical Mixing of Hydraulic Cement Pastes 

C.3. Procedure Summary 

1. Pressmud was dried, ground, and sieved through a 90 µm mesh. 

2. Mix proportions were prepared as per design ratios. 

3. Mortar was mixed mechanically for uniform consistency. 

4. Fresh mix was poured into moulds and compacted. 

5. After 24 hours, samples were demoulded and submerged in water. 

6. Compressive strength tests were conducted after 7, 14, and 28 days. 

 

Appendix D: Experimental Data Sheets 

D.1. Compressive Strength Test Results 

Mix ID 7-Day Strength (MPa) 14-Day Strength (MPa) 28-Day Strength (MPa) 

M0 48.2 52.4 55.7 

M1 49.5 53.6 58.1 

M2 50.1 55.9 60.3 

M3 49.8 54.8 59.9 

M4 46.9 51.3 53.2 

M5 44.2 48.5 50.7 

D.2. Observations 

• The maximum compressive strength (60.3 MPa) was achieved at 7.5% pressmud 

replacement. 

• Beyond 10% replacement, a gradual strength decline was observed due to dilution of 

cementitious compounds. 

• All mixes showed uniform setting and no visible segregation. 

 

Appendix E: Cost Analysis Summary 

Material Unit Cost (BDT/kg) Quantity (kg/m³) Cost (BDT/m³) 

Cement 12.0 350 4,200 

Pressmud 2.0 35 70 

Sand 3.5 700 2,450 

Water 0.1 180 18 

Total Cost (Control Mix)   6,668 

Total Cost (7.5% Pressmud Mix)   6,530 
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Observation: 

Partial cement replacement by pressmud reduces cost by approximately 2.1% per cubic meter, 

in addition to environmental savings. 

 

 

Appendix F: Environmental Impact Data 

• CO₂ emission per ton of cement: 0.9 ton CO₂ 

• CO₂ reduction achieved at 7.5% replacement: ≈68 kg CO₂ per ton of cement saved 

• Estimated annual benefit (for 1 million tons of cement use): 

68,000 tons of CO₂ reduction + 75,000 tons of waste diverted from landfill 

 

 

Appendix G: Photographs of Experimental Work 

Include labeled images of: 

• Sugarcane pressmud raw and processed 

• Mixing process and mould preparation 

• Casting, curing, and compression testing 

• Cracked samples after testing 

 

 

 

 

 

 

 

 

 

 

 

 


