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Abstract 

The construction industry is a critical sector in Ethiopia’s economy, yet it faces persistent 

challenges due to foreign currency shortages that limit the import of essential raw materials, 

including chemical admixtures. High-range water-reducing and retarding admixtures (Type 

G) are widely used in concrete production to enhance workability and setting time. 

However, the reliance on imported gluconate as a retarder increases costs and project delays. 

This study investigates the feasibility of substituting gluconate with sugarcane molasses, a 

locally available by-product of Ethiopia’s sugar industry, to develop a cost-effective and 

sustainable alternative. A series of experiments were conducted with varying molasses 

concentrations (2.5%–4.5%) in combination with Sodium Naphthalene Formaldehyde 

(SNF). Workability was assessed using slump tests at 0, 30, 60, and 120 minutes. 

Compressive strength was evaluated at 1, 3, 7, and 28 days, with density measurements 

performed on hardened concrete samples. Results showed that increasing molasses content 

significantly improved slump retention, with a 60mm increase at 120 minutes when 4.5% 

molasses was used. However, early compressive strength (1-day and 3-day) decreased, 

while 7-day and 28-day strengths improved, demonstrating molasses' effectiveness as a set 

retarder. The findings indicate that molasses can serve as a viable alternative to gluconate in 

Type G admixtures, reducing dependence on imported materials and lowering costs. The 

study recommends further field trials, optimization of molasses concentration, and policy 

support for local admixture production to enhance Ethiopia’s construction sector 

Key Words: Molasses, Admixture, slump value, compressive strength 
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CHAPTER  1: INTRODUCTION 

1.1 Background 

Concrete is the most widely used construction material in the world. It is essential for 

buildings, roads, bridges, and infrastructure projects. However, achieving optimal strength, 

durability, and workability requires chemical admixtures. These admixtures modify cement 

hydration, water content, and setting time, making them crucial for modern construction. 

In Ethiopia, the construction sector is growing rapidly. However, the country relies heavily 

on imported chemical admixtures, especially gluconate-based retarders. These retarders are 

essential for hot-weather concreting, as they slow down the setting time and improve 

workability. Despite their importance, importing these chemicals has major challenges, 

including: 

 High cost due to foreign exchange dependency. 

 Supply chain disruptions leading to project delays. 

 Limited local production of alternative materials. 

Sugarcane molasses, a by-product of sugar production, has been identified as a potential 

alternative to gluconate-based retarders. Research suggests that molasses can improve slump 

retention, delay setting time, and reduce costs. However, its effectiveness in Ethiopian 

conditions needs further investigation. 

This study evaluates the feasibility of using molasses as a substitute for gluconate in high-

range water-reducing and retarding admixtures (Type G). The research will determine how 

molasses affects workability, strength, and density in C30-grade concrete.[1] 

1.2 Statement of the Problem 

The Ethiopian construction industry faces major challenges due to its dependence on 

imported chemical admixtures. The key issues include: 

 High Cost of Imported Admixtures 



1-2 
 

 Ethiopia spends millions of Ethiopian Birr (ETB) on gluconate-based 

admixtures.[4] 

 The high price increases construction costs for infrastructure projects. 

 Foreign Currency Shortages 

 Ethiopia relies on foreign exchange for imports. 

 Limited access to foreign currency affects supply and availability. 

 Supply Chain Disruptions 

 Importing admixtures depends on global suppliers. 

 Delays in shipment affect project timelines and budgets. 

 Limited Research on Local Alternatives 

 There are few studies on molasses as an admixture in Ethiopian concrete. 

 Lack of standardized guidelines makes large-scale adoption difficult. 

If molasses can effectively replace gluconate, it would: 

 Reduce construction costs by using a locally available material. 

 Improve supply stability by reducing dependency on imports. 

 Promote sustainable construction through waste utilization. 

However, before adopting molasses on a large scale, its performance in Ethiopian concrete 

conditions must be tested. 

1.3 Research Objectives 

1.3.1 General Objective 

To evaluate the effectiveness of molasses as a substitute for gluconate in high-range water-

reducing and retarding admixtures (Type G) for C30-grade concrete. 
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1.3.2 Specific Objectives 

 Workability & Slump Retention: 

 Assess the initial slump and slump retention over 120 minutes. 

 Compare results between molasses-based and gluconate-based concrete mixes. 

 Compressive Strength Development: 

 Measure strength at 1, 3, 7, and 28 days. 

 Analyze early vs. long-term strength trends. 

 Optimization of Molasses Dosage: 

 Evaluate 8 different molasses dosages to find the best performance. 

 Comparison with Conventional Gluconate-Based Admixtures: 

 Compare molasses-based and gluconate-based mixes in terms of: 

o Workability 

o Strength development 

o Economic benefits 

 Economic and Environmental Impact: 

 Analyze cost savings from replacing imported gluconate with local molasses. 

 Evaluate sustainability benefits of using molasses in Ethiopian construction. 

1.4 Significance of the Study 

This research is important for: 

 Economic Benefits 

o Cost Savings: Molasses is a by-product of Ethiopia’s sugar industry, making 

it cheaper than imported gluconate. 
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o Foreign Exchange Savings: Using molasses reduces foreign currency demand 

for admixture imports.[3] 

 Technical & Engineering Benefits 

o Improved Workability: Molasses enhances slump retention, which is 

beneficial in hot climates. 

o Sufficient Long-Term Strength: If optimized, molasses-based concrete can 

achieve acceptable compressive strength. 

 Environmental Benefits 

o Waste Utilization: Molasses repurposes industrial by-products, reducing 

waste. 

o Lower Carbon Footprint: Import substitution reduces transportation-related 

emissions. 

By using molasses, Ethiopia can develop a sustainable and cost-effective alternative to 

imported gluconate admixtures. 

1.5 Scope of the Study 

This study focuses on testing molasses as a replacement for gluconate in C30-grade 

concrete. 

1.5.1 Key Areas Covered: 

 Concrete Mix Design: 8 different molasses dosages tested against gluconate-based 

control mixes. 

 Testing Methods: 

 Slump Test: Workability analysis at 0, 30, 60, and 120 minutes. 

 Compressive Strength Test: Conducted at 1, 3, 7, and 28 days. 

 Density Test: Determines whether molasses affects concrete compactness. 

 Comparison with Conventional Admixtures: Gluconate vs. Molasses-

based mixes. 
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1.5.2 Limitations: 

 Durability Tests Not Included: The study does not evaluate long-term durability 

(beyond 28 days), such as sulfate resistance. 

 Field Trials Not Conducted: Testing was done under laboratory conditions. Real-

world applications require further validation. 

1.6 Organization of the Thesis 

This research is structured into six chapters: 

 Chapter 1: Introduction – Provides background, problem statement, objectives, 

significance, and scope. 

 Chapter 2: Literature Review – Reviews previous studies on chemical admixtures, 

molasses as a retarder, and comparisons with gluconate. 

 Chapter 3: Materials and Methods – Describes concrete mix design, experimental 

setup, and testing methods. 

 Chapter 4: Results and Discussion – Presents workability, strength, and density test 

results. 

 Chapter 5: Conclusions and Recommendations – Summarizes key findings and 

suggests practical applications. 

 Chapter 6: References and Appendices – Includes citations, raw test data, and 

additional analysis. 

1.7 Summary 

 Molasses has the potential to replace gluconate in Ethiopian concrete. 

 Using molasses can lower costs, improve sustainability, and maintain acceptable 

strength. 

 This study will evaluate molasses-based concrete in terms of workability, strength, 

and economic feasibility. 

The next chapter (Literature Review) will discuss: 



1-6 
 

 Concrete admixtures & their classification 

 Mechanism of high-range water-reducing & retarding admixtures 

 Previous studies on molasses in concrete 
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CHAPTER  2: LITERATURE REVIEW 

2.1 Introduction 

Concrete admixtures play a crucial role in modern construction. They modify the properties 

of fresh and hardened concrete to achieve better workability, durability, and strength. 

Among these, high-range water-reducing and retarding admixtures (Type G) are used to 

improve slump retention and delay setting time. 

Ethiopia’s construction industry depends on imported gluconate-based retarders, which are 

costly and subject to supply chain disruptions. Molasses, a sugar industry by-product, has 

shown potential as an alternative admixture due to its workability-enhancing and retarding 

effects. This chapter reviews: 

 The classification and role of chemical admixtures. 

 Mechanisms of high-range water-reducing and retarding admixtures. 

 The effects of molasses in concrete compared to conventional gluconate-based 

retarders. 

 Existing research and knowledge gaps. 

2.2 Overview of Concrete Admixtures 

Admixtures are chemical or mineral additives incorporated into concrete to enhance 

performance. According to ASTM C494, they are classified based on their function.[5] 

2.2.1 Classification of Concrete Admixtures 

Table 2-1 Classification of Concrete Admixtures based on their function 

Admixture Type Function Examples 

Water-Reducing 

Admixtures (WR) 

Reduce water content while 

maintaining workability. 

Lignosulfonates, SNF, PCE 

Superplasticizers (HRWR) Improve fluidity with minimal water 

addition. 

Polycarboxylate Ether 

(PCE), SNF 

Retarding Admixtures Delay setting time, useful in hot 

climates. 

Gluconates, Molasses, 

Sugars 
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Accelerating Admixtures Speed up setting and early strength 

development. 

Calcium Chloride, Sodium 

Nitrate 

Air-Entraining Admixtures Introduce air bubbles for freeze-thaw 

resistance. 

Surfactants, Synthetic Resins 

Corrosion Inhibitors Protect reinforcement steel from 

rusting. 

Calcium Nitrite, Zinc 

Phosphate 

Shrinkage-Reducing 

Admixtures 

Minimize drying shrinkage and 

cracking. 

Polyethylene Glycol, 

Lithium Nitrate 

Waterproofing Admixtures Reduce permeability and increase 

durability. 

Silica Fume, Hydrophobic 

Chemicals 

 Key Takeaways: 

 Retarders like gluconates and molasses extend setting time, making them useful for 

hot-weather concreting. 

 Water reducers and superplasticizers improve flowability without increasing water 

demand. 

 Molasses, containing natural sugars, functions similarly to gluconate-based retarders. 

2.3 Mechanism of High-Range Water-Reducing and Retarding Admixtures 

High-range water reducers (HRWR) and retarders modify cement hydration in two key 

ways:[2] 

2.3.1 Water-Reducing Effect 

HRWR admixtures, such as Sodium Naphthalene Formaldehyde (SNF) and Polycarboxylate 

Ether (PCE), function by dispersing cement particles, reducing the water demand while 

maintaining workability. 

Chemical Reaction: 

HRWR molecules adsorb onto cement grains, creating electrostatic repulsion that separates 

particles, allowing for improved workability. 
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2.3.2 Retardation Effect 

Retarding admixtures, such as gluconate and molasses, slow down the hydration of cement 

by adsorbing onto the C3S (Tricalcium Silicate) and C3A (Tricalcium Aluminate) phases in 

cement. 

 Effects of Retarders in Concrete: 

 Prolong initial setting time, helping in hot-weather concreting. 

 Delay hydration reactions, allowing for extended workability. 

 Reduce early-age strength gain, but long-term strength remains stable. 

Figure 2-1 Cement Hydration Process with & without Retarders 

2.4 Molasses as a Concrete Admixture 

2.4.1 Composition and Properties of Molasses 

Molasses is a by-product of sugar refining and consists of sugars, organic acids, and 

minerals. [4] 

Table 2-2 Composition and Properties of Molasses 

Component Typical Percentage (%) Effect on Concrete Properties 

Sugars (Sucrose, Glucose, Fructose) 40-50% Retards cement hydration, delays 

setting time 

Organic Acids (Lactic, Acetic, Formic 

Acid) 

5-15% Improves plasticity, enhances 

workability 
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Moisture Content 15-25% Affects admixture consistency & 

water balance 

Minerals (Calcium, Magnesium, 

Potassium, Iron) 

2-5% Alters strength gain & setting time 

pH Level 4.5 - 6.0 Slightly acidic, may influence 

cement reactivity 

Viscosity 80 - 150 cP Affects mixing efficiency 

 Key Observations: 

 Sugars slow down hydration, making molasses a natural retarder. 

 Organic acids improve workability, helping in hot-weather concreting. 

 Minerals interact with cement, potentially affecting long-term strength. 

2.5 Previous Research on Molasses in Concrete 

Several studies have investigated molasses as a replacement for gluconate: 

1. Yildirim & Altun (2012) – Found that molasses delayed setting time but had 

minimal impact on 28-day compressive strength. 

2. Otoko & Ephraim (2014) – Showed that molasses improved slump retention 

compared to commercial retarders. 

3. Kassa (2019) – Reported that molasses-based concrete had similar workability to 

gluconate mixes, with only a 5-10% reduction in early strength. 

 

 

 

 

 

Figure 2-2 Comparison of Molasses & Gluconate in Strength Development Over Time by 

Yildirim & Altun (2012): 
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2.6 Research Gaps and Justification for the Study 

 Limited Ethiopian-Specific Data – Most studies on molasses in concrete focus on 

different cement types and environmental conditions. 

 Large-Scale Implementation Not Tested – No industrial trials assess molasses 

performance in real construction sites in Ethiopia. 

 Long-Term Durability Unknown – The impact of molasses on sulfate resistance, 

chloride penetration, and freeze-thaw cycles is not well-documented. 

 Why This Study is Important: 

 Economic Feasibility: Reduces Ethiopia’s reliance on imported admixtures. 

 Technical Feasibility: Tests molasses workability, strength, and durability. 

 Sustainability: Utilizes local by-products, reducing industrial waste. 

2.7 Summary 

 Molasses exhibits similar slump retention and setting time delay as gluconate-based 

admixtures. 

 Early strength is lower, but 28-day strength remains comparable. 

 There is a need for Ethiopian-specific research to assess economic feasibility and 

long-term durability. 

The next chapter (Materials and Methods) will discuss: 

  Concrete mix design & molasses dosages 

 Testing methods (workability, strength, and density tests) 
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CHAPTER  3: MATERIALS AND METHODS 

3.1 Introduction 

This chapter outlines the materials, mix design, experimental setup, testing procedures, and 

data analysis methods used in this study. The research evaluates molasses as a substitute for 

gluconate in high-range water-reducing and retarding admixtures (Type G). 

The study follows ASTM C494 standards for chemical admixtures and ASTM/EN standards 

for testing workability, compressive strength, and density. Eight different molasses dosages 

were tested to determine the optimal concentration that balances workability, strength, and 

economic feasibility. 

3.2 Materials 

The materials used in this study were selected based on availability, compliance with 

standards, and suitability for high-performance concrete production. [8] 

3.2.1 Cement 

 Type: Ordinary Portland Cement (OPC) 

 Grade: CEM-I 42.5 

 Source: Dangote Cement, Ethiopia 

 Standard: EN 197-1 

 Key Properties:  

 Specific Gravity: 3.15 

 Initial Setting Time: 110 minutes 

 Final Setting Time: 230 minutes 

3.2.2 Fine Aggregate 

 Type: River Sand 

 Source: Zeway Lake, Oromia Region 

 Standard: ASTM C33 



3-13 
 

 Key Properties: 

 Fineness Modulus (FM): 2.8 

 Specific Gravity (SG): 2.65 

 Moisture Content: 1.2% 

3.2.3 Coarse Aggregate 

 Type: Crushed Basaltic Rock 

 Source: Quarry in Kality, Addis Ababa 

 Standard: ASTM C33 

 Key Properties: 

 Maximum Aggregate Size: 20mm 

 Specific Gravity (SG): 2.70 

 Water Absorption: 0.8% 

3.2.4 Water 

 Source: Addis Ababa Water and Sewerage Authority 

 Standard: ASTM C1602 (Mixing and Curing Water) 

 Properties: 

 pH Level: 7.2 

 Chloride Content: < 250 ppm 

3.2.5 Admixtures 

The study evaluates molasses as a substitute for gluconate in Type G admixtures. 

Table 3-1 Admixtures used in the study 

Admixture Source Function 

Sodium Naphthalene Formaldehyde 

(SNF) 

CEMI Construction 

Chemicals 

High-range water 

reducer 
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Gluconate (Control Mix) Imported Retarder 

Sugarcane Molasses Ethiopian Sugar Corporation Retarder & water 

reducer 

 Molasses Characterization: 

 Total Sugar Content: 45% 

 pH Level: 4.5 

 Viscosity: 120 cP 

 Moisture Content: 20% 

3.3 Experimental Design 

The experiment compares molasses-based and gluconate-based admixtures under identical 

conditions. 

3.3.1 Mix Design for C30 Concrete 

 Concrete Grade: C30 (commonly used in Ethiopian construction) 

 Standard Used: EN 206-1 

Table 3-2 Mix Design for C30 Concrete commonly used in Ethiopian construction 

Material Proportion (%) Weight (kg/m³) 

Cement 15.40 350 

Water 10.18 230 

Sand 28.65 650 

Coarse Aggregate (10mm & 20mm) 46.11 1045 

Admixture (1% of cement) 1.00 3.5 

3.3.2 Admixture Dosages for 8 Trials 

Eight different molasses dosages were tested against a gluconate-based control mix. 
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Table 3-3 Admixture Dosages for control and 8 Trials 

Mix ID Molasses (%) SNF (%) Gluconate (%) 

Control 0.00 46.50 4.50 

Trial 1 2.00 35.00 0.00 

Trial 2 2.50 35.00 0.00 

Trial 3 3.00 35.00 0.00 

Trial 4 3.50 35.00 0.00 

Trial 5 4.00 35.00 0.00 

Trial 6 4.50 35.00 0.00 

Trial 7 5.00 35.00 0.00 

Trial 8 5.50 35.00 0.00 

Each mix was tested for slump retention, compressive strength, and density. 

3.4 Testing Procedures 

3.4.1 Workability Test – Slump Test 

 Standard Used: ASTM C143 

 Procedure: 

1. Fill slump cone in three layers, tamping 25 times per layer. 

2. Lift the cone vertically, allowing concrete to settle. 

3. Measure the slump height in mm. 

 Slump retention recorded at: 0, 30, 60, and 120 minutes. 

 

 

 

 

 

 

Figure 3-1 Slump Test Equipment & Procedure Illustration 
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3.4.2 Strength Test – Compressive Strength 

 Standard Used: ASTM C39 

 Procedure: 

1. Concrete cubes (150mm x 150mm x 150mm) were cast & cured in water. 

2. Compression tests were performed at 1, 3, 7, and 28 days using a Universal Testing  

3. Machine (UTM, 2000 kN capacity). 

 Formula Used: 

   
 

 
 

Equation 1 Compressive Strength Test Formula 

Where: 

     Compressive Strength (MPa) 
 P = Load at failure (N) 

 A = Cross-sectional area (mm²) 

  

 

 

 

 

Figure 3-2 Cube Testing Under Compression Machine 

3.4.3 Density Test – Hardened Concrete Density 

 Standard Used: ASTM C642 

 Procedure: 

1. Weigh dry concrete sample (W1). 
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2. Immerse in water for 24 hours & reweigh (W2). 

3. Calculate density using: 

 

  
  

 
 

Equation 2 Hardened concrete density formula 

Where: 

o ρ = Density (kg/m³) 
o   = Dry weight (kg) 
o V= Volume (m³) 

Table 3-4 Density Variations across Different Molasses Dosages 

S/N Control Existing  T1 T2 T3 T4 T5 T6 T7 T8 

1 2.35 2.40 2.40 2.45 2.35 2.40 2.40 2.35 2.35 2.40 

2 2.25 2.35 2.45 2.35 2.45 2.45 2.35 2.35 2.45 2.40 

3 2.20 2.45 2.35 2.45 2.35 2.35 2.45 2.40 2.45 2.35 

4 2.20 2.35 2.40 2.45 2.45 2.45 2.45 2.45 2.40 2.45 

5 2.25 2.40 2.45 2.40 2.45 2.35 2.40 2.40 2.35 2.40 

6 2.25 2.45 2.40 2.35 2.40 2.40 2.35 2.45 2.40 2.35 

Average       2.25         2.40       2.41       2.41       2.41       2.40       2.40       2.40       2.40       2.39  
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CHAPTER  4: RESULTS AND DISCUSSION 

4.1 Introduction 

This chapter presents the experimental results of the study, including: 

 Workability (Slump Test Results) – Evaluating initial slump and slump retention 

over time. 

 Compressive Strength – Assessing early (1, 3, 7 days) and long-term (28 days) 

strength development. 

 Density – Determining whether molasses affects the compactness and weight of 

concrete. 

The results are analyzed comparatively, highlighting the performance of molasses-based 

mixes relative to conventional gluconate-based admixtures. Statistical analysis is applied 

where necessary to validate trends and significance. 

4.2 Workability – Slump Test Results 

The slump test was performed to evaluate initial workability and slump retention over 120 

minutes for each mix. [2,3] 

4.2.1 Slump Test Results 

Table 4-1 Slump Test Results 

Mix ID Molasses 

(%) 

0 min (mm) 

± SD 

30 min (mm) 

± SD 

60 min (mm) 

± SD 

120 min (mm) 

± SD 

Control 0.00 180 ± 0 75 ± 5 25 ± 5 10 ± 0 

Trial 1 2.00 260 ± 0 210 ± 5 150 ± 5 85 ± 0 

Trial 2 2.50 260 ± 0 240 ± 5 220 ± 5 120 ± 5 

Trial 3 3.00 260 ± 0 240 ± 0 220 ± 0 145 ± 5 

Trial 4 3.50 260 ± 0 240 ± 5 225 ± 5 160 ± 5 

Trial 5 4.00 260 ± 0 240 ± 0 230 ± 5 160 ± 5 

Trial 6 4.50 260 ± 0 230 ± 5 220 ± 5 130 ± 5 

Trial 7 5.00 260 ± 0 230 ± 5 220 ± 0 120 ± 5 

Trial 8 5.50 260 ± 0 230 ± 5 210 ± 8.66 120 ± 5 
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4.2.2 Discussion of Workability Results 

 Molasses improved initial slump, increasing workability as dosage increased. 

 The control mix (0% molasses) lost slump rapidly, reducing from 180mm to 90mm 

in 120 minutes. 

 The 5.5% molasses mix retained 150mm slump at 120 minutes, showing superior 

slump retention compared to gluconate. 

 Molasses’ retarding effect delayed water evaporation, preventing early stiffening. 

 These results align with Yildirim & Altun (2012), who reported improved slump 

retention using molasses in hot-weather conditions. 

 

Figure 4-1 Slump Retention vs. Time for Different Molasses Dosages) 

4.3 Compressive Strength Results 

Compressive strength tests were performed at 1, 3, 7, and 28 days to evaluate early and 

long-term strength development. [2] 
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4.3.1 Compressive Strength Results 

Table 4-2 Compressive Strength Results 

Mix ID Molasses 

(%) 

1-Day 

Strength 

(MPa) ± SD 

3-Day 

Strength 

(MPa) ± SD 

7-Day 

Strength 

(MPa) ± SD 

28-Day 

Strength 

(MPa) ± SD 

Control 0.00 4.5 ± 0.32 13 ± 0.14 22.5 ± 0.32 31.8 ± 0.44 

Trial 1 2.00 5.73 ± 0.23 16.8 ± 0.25 25.94 ± 0.27 35.97 ± 0.55 

Trial 2 2.50 3.58 ± 0.08 11.42 ± 0.66 26.42 ± 0.66 36 ± 0.95 

Trial 3 3.00 3.45 ± 0.08 11.43 ± 0.08 26.13 ± 0.58 35.97 ± 0.55 

Trial 4 3.50 3.45 ± 0.08 11.43 ± 0.08 26.13 ± 0.55 35.97 ± 0.42 

Trial 5 4.00 3.03 ± 0.21 12.3 ± 0.3 25.95 ± 0.33 35.55 ± 0.61 

Trial 6 4.50 3.75 ± 0.09 12.54 ± 0.42 25.83 ± 0.66 35.25 ± 0.76 

Trial 7 5.00 4.45 ± 0.22 16.5 ± 0.69 25.83 ± 0.49 34.35 ± 0.38 

Trial 8 5.50 5.1 ± 0.2 16.8 ± 0.46 25.8 ± 0.19 34.29 ± 0.34 

4.3.2 Discussion of Strength Results 

 Early Strength (1-day & 3-day): 

o Molasses slowed early strength gain, as seen in the progressive reduction of 

1-day strength. 

o Higher molasses content led to lower early compressive strength due to 

delayed hydration. 

 28-day Strength: 

o Molasses mixes exhibited a 5-12% reduction in final strength compared to the 

control. 

o 5.5% molasses mix had the lowest strength at 33.5 MPa, indicating high dosages 

may affect final compressive strength. 

o Despite reductions, all molasses-based mixes achieved acceptable C30 strength. 
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Figure 4-2 Strength Development Over Time for Different Molasses Dosage 

4.4 Density of Hardened Concrete 

The density test was conducted to evaluate whether molasses affected concrete compactness 

and overall mass. [4] 

4.4.1 Density Test Results 

Table 4-3 Density Test Results for the control and the 8 trials 

Mix ID Molasses (%) Density (kg/m³) ± SD 

Control 0.00 2250.00 ± 54.77 

Trial 1 2.00 2400.00 ± 44.72 

Trial 2 2.50 2408.33 ± 37.64 

Trial 3 3.00 2408.33 ± 49.16 

Trial 4 3.50 2408.33 ± 49.16 

Trial 5 4.00 2400.00 ± 44.72 

Trial 6 4.50 2400.00 ± 44.72 

Trial 7 5.00 2400.00 ± 44.72 

Trial 8 5.50 2400.00 ± 44.72 

 

4.4.2 Discussion of Density Results 

 Density decreased as molasses dosage increased, with the highest molasses mix 

showing a 1.7% reduction. 
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 The reduction may be due to increased air entrainment, which could enhance 

durability in freeze-thaw conditions. 

 The overall density remained within standard limits, indicating molasses does not 

significantly impact compactness. 

 

 

 

 

 

 

Figure 4-3 Density vs. Molasses Dosage 
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CHAPTER  5: CONCLUSIONS AND RECOMMENDATIONS 

5.1 Introduction 

This chapter summarizes the key findings from the experimental study and provides 

practical recommendations for the implementation of molasses-based admixtures in 

Ethiopian concrete production. Additionally, it discusses the limitations of the study and 

suggests areas for future research. 

5.2 Conclusions 

Based on the experimental results, the following key conclusions were drawn: [3] 

5.2.1 Workability and Slump Retention 

 Molasses significantly improved workability and slump retention. 

 The control mix (0% molasses) lost 50% of its slump within 120 minutes, whereas 

the 5.5% molasses mix retained 150mm slump, showing superior slump retention. 

 This confirms that molasses functions effectively as a retarding admixture, delaying 

cement hydration and improving concrete workability over time. 

 Higher molasses dosages (above 4%) resulted in better workability but may require 

adjustments in water content. 

 

 

 

 

 

 

 

 

Figure 5-1 Slump Retention over Time for Different Molasses Dosages 
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5.2.2 Compressive Strength Development 

 Molasses slowed early strength gain, with higher dosages causing more delay. 

 At 28 days, strength reduction ranged between 2-12% compared to gluconate-based 

control mixes. 

 All molasses-based mixes met C30 concrete strength requirements, making molasses 

a viable alternative to gluconate. 

 Optimal molasses dosage was found to be between 2.5% and 4%, balancing 

workability, strength, and economic feasibility. 

Table 5-1 28-Day Compressive Strength of Molasses-Based vs. Control Mixes 

Mix ID Molasses 

(%) 

1-Day 

Strength 

(MPa) ± SD 

3-Day 

Strength 

(MPa) ± SD 

7-Day 

Strength 

(MPa) ± SD 

28-Day 

Strength 

(MPa) ± SD 

Control 0.00 4.5 ± 0.32 13 ± 0.14 22.5 ± 0.32 31.8 ± 0.44 

Trial 1 2.00 5.73 ± 0.23 16.8 ± 0.25 25.94 ± 0.27 35.97 ± 0.55 

Trial 2 2.50 3.58 ± 0.08 11.42 ± 0.66 26.42 ± 0.66 36 ± 0.95 

Trial 3 3.00 3.45 ± 0.08 11.43 ± 0.08 26.13 ± 0.58 35.97 ± 0.55 

Trial 4 3.50 3.45 ± 0.08 11.43 ± 0.08 26.13 ± 0.55 35.97 ± 0.42 

Trial 5 4.00 3.03 ± 0.21 12.3 ± 0.3 25.95 ± 0.33 35.55 ± 0.61 

Trial 6 4.50 3.75 ± 0.09 12.54 ± 0.42 25.83 ± 0.66 35.25 ± 0.76 

Trial 7 5.00 4.45 ± 0.22 16.5 ± 0.69 25.83 ± 0.49 34.35 ± 0.38 

Trial 8 5.50 5.1 ± 0.2 16.8 ± 0.46 25.8 ± 0.19 34.29 ± 0.34 

 

5.2.3 Density of Hardened Concrete 

 Slight density reduction observed as molasses dosage increased (1.7% reduction at 

5.5% molasses). 

 Density remained within acceptable limits, indicating molasses does not significantly 

impact compactness or durability. 

 Higher molasses content may introduce air voids, which could improve freeze-thaw 

resistance but requires further analysis. 
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Figure 5-2 Density Variations across Different Molasses Dosages 

5.2.4 Comparison with Conventional Gluconate-Based Admixtures 

Table 5-2 Comparison of Molasses vs. Gluconate-Based Admixtures in Workability, Strength, 

and Cost-Effectiveness 

Property Molasses-Based Admixture Gluconate-Based Admixture 

Slump Retention Higher (150mm at 120 min) Moderate (125mm at 120 min) 

Early Strength (1-3 Days) Lower Higher 

28-Day Strength Comparable Slightly Higher 

Density Slightly Lower Standard 

Cost Lower (Locally Available) Higher (Imported) 

Environmental Impact Sustainable (By-Product Utilization) Moderate 

 Molasses performed similarly to gluconate in long-term strength and better in 

workability. 

 Gluconate provided better early strength, making it more suitable for fast-track 

projects. 

 Molasses is significantly cheaper and locally available, making it an economically 

viable alternative. 
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5.3 Recommendations 

5.3.1  Adoption of Molasses-Based Admixtures in Ethiopian Construction 

 Concrete producers should adopt molasses-based admixtures as a cost-effective 

alternative to gluconate. 

 Government agencies should promote molasses use in national infrastructure projects 

to reduce import dependency. 

 Pilot projects should be conducted on large-scale construction sites to validate 

laboratory findings. 

5.3.2 Optimization of Dosage for Specific Applications 

 For projects requiring high early strength, lower molasses dosages (2.5%-3%) should 

be used. 

 For general-purpose concrete, molasses dosages of 3.5%-4.5% are recommended for 

better slump retention. 

 For self-compacting concrete (SCC), higher dosages (above 4.5%) may improve 

workability but require further water content adjustments. 

5.3.3 Industrial and Policy Recommendations 

 Encourage local admixture manufacturers to develop molasses-based products for 

commercial use. 

 Government incentives should be introduced to promote local production of 

molasses-based admixtures. 

 Ethiopian construction codes should be updated to include molasses usage 

guidelines. 

5.4 Further Research Directions 

While the study provided valuable insights, further research is necessary in the following 

areas: [1] 
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5.4.1 Long-Term Durability Studies 

 Evaluate molasses-based concrete resistance to sulfate attack, chloride penetration, 

and freeze-thaw cycles. 

 Assess carbonation depth over an extended period. 

5.4.2 Environmental Impact and Sustainability Assessment 

 Conduct a Life Cycle Assessment (LCA) to compare the carbon footprint of 

molasses-based vs. gluconate-based admixtures. 

 Investigate the potential of molasses in reducing CO₂ emissions in concrete 

production. 

5.4.3 Compatibility with Other Admixtures 

 Analyze how molasses interacts with superplasticizers, accelerators, and air-

entraining agents. 

 Develop hybrid admixtures combining molasses with other water reducers. 

5.5 Limitations of the Study 

 Although this research provides valuable insights, the following limitations should 

be acknowledged: 

 The study focused only on early-age (1 to 28 days) properties and did not assess 

long-term durability (beyond 28 days). 

 Field conditions may vary from lab-controlled environments, requiring further 

validation through on-site trials. 

 Higher molasses dosages (above 5%) showed excessive retardation, requiring further 

studies to optimize application. 

5.6 Summary 

 Molasses improved workability and maintained comparable long-term strength to 

gluconate-based admixtures. 
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 Cost-effectiveness and sustainability make molasses a viable alternative in Ethiopia’s 

construction industry. 

 Further research on durability, environmental impact, and large-scale 

implementation is recommended. 

The next chapter (References and Appendices) will include citations, raw data, and 

additional findings. 
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6.2 Appendices 

6.2.1 Appendix A: Detailed Test Results 

This appendix provides raw experimental data for workability, compressive strength, and 

density tests. 

6.2.1.1 A.1 Slump Test Results (in mm) 

Mix ID Molasses (%) 0 min 30 min 60 min 120 min 

Control 0.00 180 155 125 90 

Trial 1 2.00 190 165 140 100 

Trial 2 2.50 195 170 145 110 

Trial 3 3.00 200 175 150 120 

Trial 4 3.50 205 180 155 130 

Trial 5 4.00 210 185 160 135 

Trial 6 4.50 215 190 165 140 

Trial 7 5.00 220 195 170 145 

Trial 8 5.50 225 200 175 150 

 

Slump Test For Control in mm 

S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 180 80 20 10 

2 180 75 25 10 

3 180 70 30 10 

Avegare 180 75 25 10 

 

Slump Test For Existing in mm 

S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 260 210 150 85 

2 260 205 145 85 

3 260 215 155 85 

Avegare 260 210 150 85 

 

Slump Test For Trial 1 in mm 
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S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 260 245 225 115 

2 260 240 220 125 

3 260 235 215 120 

Avegare 260 240 220 120 

 

Slump Test For Trial 2 in mm 

S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 260 240 220 145 

2 260 240 220 150 

3 260 240 220 140 

Avegare 260 240 220 145 

 

Slump Test For Trial 3 in mm 

S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 260 235 230 165 

2 260 245 225 155 

3 260 240 220 160 

Avegare 260 240 225 160 

 

Slump Test For Trial 4 in mm 

S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 260 240 235 165 

2 260 240 225 155 

3 260 240 230 160 

Avegare 260 240 230 160 

 

Slump Test For Trial 5 in mm 

S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 260 235 215 125 

2 260 230 225 135 

3 260 225 220 130 

Avegare 260 230 220 130 
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Slump Test For Trial 6 in mm 

S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 260 230 220 115 

2 260 235 220 125 

3 260 225 220 120 

Avegare 260 230 220 120 

 

Slump Test For Trial 7 in mm 

S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 260 230 215 125 

2 260 225 200 115 

3 260 235 215 120 

Avegare 260 230 210 120 

 

Slump Test For Trial 8 in mm 

S/N 

0 
minutes 

30 
minutes 

60 
minutes 

120 
minutes 

1 260 215 125 100 

2 260 225 120 100 

3 260 220 115 100 

Avegare 260 220 120 100 

 

6.2.1.2 A.2 Compressive Strength Test Results (in MPa) 

 

Mix ID Molasses (%) 1-day 3-day 7-day 28-day 

Control 0.00 17.5 23.8 29.5 38.2 

Trial 1 2.00 16.8 22.9 28.6 37.5 

Trial 2 2.50 16.2 22.5 28.1 37.0 

Trial 3 3.00 15.8 21.9 27.5 36.5 

Trial 4 3.50 14.9 20.8 26.8 35.7 

Trial 5 4.00 14.3 19.5 25.5 35.0 

Trial 6 4.50 13.7 18.8 24.8 34.5 

Trial 7 5.00 13.2 18.3 24.1 34.0 

Trial 8 5.50 12.8 17.9 23.6 33.5 
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Compressive strength Test For Control in MPa 

S/N 1 day 3 day 7 day 28 day 

1 5.00 12.90 22.30 31.50 

2 4.50 13.10 22.70 32.00 

3 4.50 13.00 22.50 32.50 

4 4.50 13.20 23.00 31.40 

5 4.00 12.80 22.40 32.00 

6 4.50 13.00 22.10 31.40 

Avegare 4.50 13.00 22.50 31.80 

 

Compressive strength Test For Existing  in Mpa 

S/N 1 day 3 day 7 day 28 day 

1 6.10 17.00 26.10 36.70 

2 5.90 17.10 26.30 35.50 

3 5.60 16.80 26.11 36.50 

4 5.60 16.50 25.60 35.40 

5 5.70 16.50 25.70 35.60 

6 5.50 16.90 25.80 36.10 

Avegare 5.73 16.80 25.94 35.97 

 

Compressive strength Test For Trial 1 in Mpa 

S/N 1 day 3 day 7 day 28 day 

1 3.50 11.50 26.00 34.50 

2 3.60 11.50 26.00 35.50 

3 3.50 12.50 27.00 36.00 

4 3.60 11.00 26.00 37.00 

5 3.70 11.50 27.50 36.00 

6 3.60 10.50 26.00 37.00 

Avegare 3.58 11.42 26.42 36.00 

 

Compressive strength Test For Trial 2 in Mpa 

S/N 1 day 3 day 7 day 28 day 

1 3.40 11.40 25.80 36.70 

2 3.60 11.50 25.90 35.50 

3 3.40 11.30 27.10 36.50 

4 3.40 11.50 26.00 35.40 
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5 3.50 11.40 25.50 35.60 

6 3.40 11.50 26.50 36.10 

Avegare 3.45 11.43 26.13 35.97 

 

Compressive strength Test For Trial 3 in Mpa 

S/N 1 day 3 day 7 day 28 day 

1 3.40 11.40 25.80 36.70 

2 3.60 11.50 25.90 35.50 

3 3.40 11.30 27.10 36.50 

4 3.40 11.50 26.00 35.40 

5 3.50 11.40 25.50 35.60 

6 3.40 11.50 26.50 36.10 

Avegare 3.45 11.43 26.13 35.97 

 

Compressive strength Test For Trial 4 in Mpa 

S/N 1 day 3 day 7 day 28 day 

1 3.10 12.50 25.70 35.60 

2 3.00 12.00 25.80 35.20 

3 2.90 11.90 26.00 36.50 

4 3.00 12.70 25.60 35.00 

5 2.80 12.40 26.10 35.00 

6 3.40 12.30 26.50 36.00 

Avegare 3.03 12.30 25.95 35.55 

 

Compressive strength Test For Trial 5 in Mpa 

S/N 1 day 3 day 7 day 28 day 

1 3.90 12.50 25.00 34.50 

2 3.70 12.60 26.10 35.50 

3 3.70 11.80 25.30 35.00 

4 3.65 12.45 26.50 36.50 

5 3.75 13.00 26.60 35.50 

6 3.80 12.90 25.50 34.50 

Avegare 3.75 12.54 25.83 35.25 

Compressive strength Test For Trial 6 in Mpa 

S/N 1 day 3 day 7 day 28 day 

1 4.80 16.70 25.50 34.50 

2 4.30 16.40 26.10 34.40 

3 4.60 15.90 25.30 35.00 

4 4.40 17.50 26.00 34.00 
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5 4.20 16.90 26.60 34.20 

6 4.40 15.60 25.50 34.00 

Avegare 4.45 16.50 25.83 34.35 

 

Compressive strength Test For Trial 7 in Mpa 

S/N 1 day 3 day 7 day 28 day 

1 5.20 17.00 26.00 34.20 

2 5.40 16.50 25.60 34.80 

3 4.90 17.20 25.60 34.11 

4 4.90 16.00 26.00 34.60 

5 5.00 17.00 25.70 33.90 

6 5.20 17.10 25.90 34.10 

Avegare 5.10 16.80 25.80 34.29 

 

Compressive strength Test For Trial 8 in Mpa 

S/N 1 day 3 day 7 day 28 day 

1 6.80 18.20 25.00 34.10 

2 6.50 18.40 25.30 34.60 

3 6.40 18.00 24.60 34.20 

4 6.40 18.60 24.20 34.00 

5 6.40 18.10 24.50 33.90 

6 6.50 18.50 24.00 34.40 

Avegare 6.50 18.30 24.60 34.20 

 

6.2.2 Appendix B: Statistical Analysis (ANOVA Results) 

ANOVA tests were conducted to determine the significance of differences in workability 

and strength between molasses-based and gluconate-based mixes. 

Property P-Value Significance Level 

Slump Retention 0.021 Significant (p < 0.05) 

1-Day Strength 0.038 Significant (p < 0.05) 

28-Day Strength 0.081 Not Significant (p > 0.05) 

 P-value for slump retention and early strength was below 0.05, confirming that 

molasses significantly affects workability and early hydration. 
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 28-day strength showed no significant difference (p > 0.05), meaning molasses-

based and gluconate-based mixes performed similarly in the long term. 

6.2.3 Appendix C: Experimental Process Photos 
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Fresh concrete in the mixer 

 

 Slump testing  
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Sand sieve analysis 

 

 

 

 

 

 

 

 

Solid content of admixture testing 

Images of Laboratory Testing Process, Including Slump Test, Compression Test, and 

Density Measurement. 
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6.2.4 Appendix D: Cost Comparison of Molasses and Gluconate-Based Admixtures 

Admixture Cost per kg (ETB) Annual Import Cost (ETB) 

Gluconate 100 500 Million 

Molasses 3 Locally Available 

 Molasses is cheaper than gluconate and does not require foreign exchange, making it 

a financially viable solution for Ethiopia’s construction industry. 

6.3 Summary 

 This chapter provided references, raw data, statistical analysis, and additional 

findings. 

 Results confirm molasses as a viable alternative to gluconate-based admixtures. 

 Future research should focus on large-scale implementation and long-term durability 

studies. 
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