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Abstract 

 

This research investigates the novel 

utilization of waste starch water as an 

admixture in concrete, targeting enhanced 

workability and mechanical attributes. The 

study explores compositions with 10%, 15%, 

and 20% starch water by weight, relative to 

conventional potable water, to fabricate 

concrete specimens. Noteworthy outcomes 

include a 100% increase in initial setting time 

with 20% starch water and a remarkable 

improvement in workability, as evidenced by 

a 50% decrease with 10% starch water and a 

70% reduction with 20% starch water. 

Compressive strength analysis reveals an 

optimal composition with 15% starch water, 

showcasing a notable 3.5% increase (44.44 

N/mm²) compared to conventional concrete. 

Microstructural examinations highlight 

starch-water induced alterations. These 

findings underscore the feasibility of 

sustainable concrete production, offering an 

innovative avenue for eco-friendly 

construction practices and improved material 

utilization. 
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I. INTRODUCTION 

 

Concrete, a cornerstone of modern infrastructure, stands as a testament to the synergy 

between structural engineering, strength of materials, and solid mechanics[1]. Mechanical 

engineers, deeply vested in optimizing mechanical properties like compressive strength, 

durability, and fracture resistance, underpin the very essence of this symbiotic relationship[2]. 

However, as the global construction industry burgeons, so does the strain on limited 

freshwater resources, particularly acute in regions grappling with water scarcity. This 

pressing challenge has spurred a quest for innovative solutions that not only bolster concrete's 

mechanical prowess but also align with the ethos of eco-conscious construction practices[3]. 

While sustainable strategies have flourished within civil engineering, the intersection with 

mechanical engineering's purview remains a fertile ground for exploration[4]. In the intricate 

tapestry of construction, where structural integrity meets material resilience, this study 

navigates the convergence of mechanical engineering principles and sustainable construction 

practices. Focused on the infusion of waste starch water—an oft-neglected byproduct of rice 

boiling—into the matrix of concrete, this research uncovers an uncharted terrain where 

mechanical ingenuity merges with environmental stewardship. Mechanical engineers, well-

versed in analyzing material behavior under the duress of loads and strains, occupy a pivotal 

role in advancing material science, and their partnership with eco-friendly materials, such as 

waste starch water, beckons an era of transformative concrete technology. 

 

Waste starch water, typically consigned to environmental neglect, emerges as a latent 

gem, embodying biogenic potential with the capacity to sculpt concrete's mechanical 

attributes[5]. This study is meticulously designed to gauge the impact of waste starch water 

on the mechanical characteristics of concrete. By casting the spotlight on the crossroads of 

eco-friendly construction and mechanical resilience, this research embodies a holistic 

perspective, embracing the enduring goal of engineering structures that harmonize seamlessly 

with nature.In the orbit of these ambitions, our research objectives stand resolute to 

comprehensively elucidate waste starch water's multifaceted influence on concrete. Rooted in 

this purpose, our research questions bear witness onhow does the infusion of waste starch 

water modulate the initial setting time and Workability of concrete? What is the dynamic 

interplay between waste starch water and concrete's compressive strength, spanning diverse 

curing periods? How does the integration of waste starch water augment the split tension 

resistance of concrete structures? By responding to these queries, we delve into the 

mechanical integrity of waste starch water and concrete, painting a panorama where 

mechanical integrity fuses harmoniously with sustainable construction paradigms.  

 

Moving beyond the realms of conventional concrete mixing, this study manifests its 

mechanical perspective by delving into the nuances of material behavior at the microscale. 

Within this exploration, the mechanical engineer's lens seeks to unravel the intricate 

interaction between waste starch water and the cementitious matrix. The initial setting time, a 

critical mechanical parameter, is meticulously probed, revealing how the introduction of 

waste starch water retards the cement hydration process. As the narrative of mechanical 

engineering entwines further, the study's focus extends to Workability—a term resonating 

deeply with mechanical engineers as it encapsulates a material's behavior under external 

forces. The unique lubricating properties of waste starch water are unveiled, meticulously 

explored through Workability tests. These findings escorts in a novel chapter in the 

mechanical engineer's playbook, offering insights into improved pouring, compaction, and 
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finishing, ultimately amplifying the efficiency and quality of construction. Compressive 

strength, the bedrock of structural integrity, casts its formidable shadow on this investigation. 

In this symbiotic dance of mechanical and environmental synergy, the research investigates 

how waste starch water influences compressive strength over varied curing periods. While an 

initial reduction in early-age compressive strength is observed due to the retarding effect of 

starch, the long-term trajectory sees these mechanical parameters converging, unveiling the 

latent promise of waste starch water's harmonious integration into the concrete matrix. 

 

SEM and EDX analyses unravel the microstructural nuances of waste starch water-

infused concrete, offering visual narratives of how the mechanical engineer's decisions ripple 

across the material's fabric at a microscopic level. Within this multifaceted realm of 

mechanical-engineering-integrated sustainable construction, this research bridges an essential 

gap between civil and mechanical engineering. The aim, beyond constructing ecologically 

friendly structures, is to empower mechanical engineers to wield their expertise in creating 

sustainable solutions that boast formidable mechanical integrity. In conclusion, as waste 

starch water breathes new life into concrete, it also rekindles the synergy between mechanical 

and environmental consciousness, positioning mechanical engineers as torchbearers of 

sustainable construction's mechanical fabric. 

 

II. MATERIALS AND METHODS 

 

1. Materials Used: For this experimental study, cement of grade-OPC 53 (IS 12269-1987) 

was procured from Ultratech Ltd, India. The consistency of cement was determined to be 

30% as per IS 4031 PART 4 1988 [6], with an initial setting time of 30 minutes as per IS 

4031 PART 5 1988 [7]. The specific gravity of cement was measured to be 3.15 as per IS 

4031 PART 11[8], and its fineness was found to be 2% as per IS 4031 PART 1. Fine 

aggregate with a specific gravity of 2.67 (as per IS 2386 PART 3-1963[9]) and a fineness 

modulus of 3.76 (confirmed from zone 1 as per IS 383-1970[10]) was used. Coarse 

aggregate had a specific gravity of 2.8 (as per IS 2386 PART 3-1963), and its fineness 

modulus was 3.08 with the arrangement of sieve sizes being 80 mm, 40 mm, 20 mm, 16 

mm, 12.5 mm, and 4.75 mm. The specific gravity of rice porridge water was measured to 

be 1.08. 

 

2. Particle size distribution for aggregates: The particle size distribution of aggregates is a 

crucial parameter that directly affects concrete's mechanical characteristics, durability, 

and performance. Accounting it, this study conducted a detailed analysis of the particle 

size distribution for both fine and coarse aggregates. Figure 1 presents the particle size 

distribution of fine and coarse aggregates used in the experimental investigation. 
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Figure 1: Particle size distribution 

 

The results indicate that the majority of the fine aggregate particles are smaller 

than or equal to 0.8 mm in size. Specifically, 35% of the fine aggregate passes through 

the 0.8 mm sieve size. As the sieve size increases, the percentage of fine aggregate 

passing through the sieves gradually increases.The significance of the fine aggregate 

consisting of a wide range of particle sizes, with a significant portion falling within the 

0.1 mm to 1 mm range, lies in its ability to enhance the packing density and workability 

of concrete mixes[11]. The presence of various particle sizes allows for better particle 

interlocking, filling voids, and optimizing the distribution of cementitious materials 

within the concrete matrix[12]. Fine aggregates with a diverse range of sizes also improve 

the overall strength and durability of the concrete, as the smaller particles contribute to 

the densification of the mixture, while the larger particles provide stability and reduce 

shrinkage[13]. Similarly, for coarse aggregates, considerable portion falling within the 8 

mm to 100 mm range, lies in its ability to contribute to the mechanical properties and 

overall performance of concrete mixes. The presence of varying particle sizes in the 

coarse aggregate helps in achieving better packing density, resulting in a more stable and 

robust concrete matrix[14]. Larger coarse particles provide improved load-bearing 

capacity, enhancing the compressive strength and resistance to stress and deformation in 

the concrete. On the other hand, the smaller particles assist in filling the voids between 

the larger particles, leading to increased durability and reduced permeability[15]. This 

diverse particle size distribution in the coarse aggregate facilitates a well-graded mix that 

optimizes the use of cementitious materials and results in cost-effective and high-

performance concrete suitable for various construction applications, including structural 

elements and pavement construction[16]. 

 

3.  Composition Of Optimized Composites: In line with the IS 10262-2009 standard[17], 

four composite mixes were fabricated, and are labelled as A, B, C, and D. These 

compositions involved a gradual decrease in potable water content and a corresponding 

increase in waste starch water content. The water-to-cement ratio was adjusted 

accordingly. Table 1 provides the composition details for the various mixes. 
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Table 1: Composition for various mixes 

 

3. SEM & EDX Analysis for Concrete: The microstructural analysis of the proposed 

concrete compositions was conducted using a scanning electron microscope (SEM). In 

this study, electron dispersive x-ray (EDX) analysis was performed for the optimized 

concrete composition, label C. Figure 2 illustrates the SEM images of the Label C 

composition, revealing the presence of starch adsorbed on the concrete surface. 

 

 
 

Figure 2: SEM image for Optimal Composite at various Magnification 

 

Figure 3 reveals the EDX analysis of composition C, which is very much about 

the presence of various minerals in the starch water, such as Calcium, Silica, Cobalt and 

Zinc. 

 

 
 

Figure 3: SEM with EDX analysis for the selected SEM surface of Label C 

 

Label 
Cement 

(kg/m3) 

Fine 

(kg/m3) 

Coarse 

(kg/m3) 

Water 

(kg/m3) 

Starch water 

(kg/m3) 

water-to-

cement ratio 

A 410 710 1115 205 - 0.5 

B 410 710 1115 185 21 0.45 

C 410 710 1115 175 31 0.42 

D 410 710 1115 165 41 0.4 
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These elements holds profound significance in understanding the potential 

interactions and contributions to the concrete matrix. Ca and Si are key components in 

cement, suggesting possible chemical reactions in binding properties and contribute to the 

overall strength of the concrete mixture[18]. Si alsohas potential pozzolanic reactions, 

leading to increased densification over time[19]. Co and Zn are enablers of complex 

mineralogical reactions. Additionally, Co and Zn might act as nucleation sites for 

hydration, influencing microstructural development[20]. 

  

III.  RESULTS AND DISCUSSION 

 

1. Initial Setting Time and Workability: The initial setting time of cement is a critical 

parameter that influences the handling and placement of concrete during construction. In 

this study, we investigated the effect of incorporating waste starch water at various weight 

percentages (10%, 15%, and 20%) on the initial setting time of concrete. The observed 

increase in the initial setting time with higher percentages of waste starch water can be 

attributed to the retarding effect of starch on cement hydration kinetics[21]. Starch 

molecules in the waste starch water adsorb onto the cement particles, forming a surface 

barrier that hinders the dissolution of cement compounds. This retarding action delays the 

formation of the cement gel, resulting in a prolonged initial setting time[22]. 

 

Workability is a crucial property that directly impacts the concrete's durability, 

quality, appearance, and labor efficiency during construction. Workability was tested for 

various concrete compositions containing 10%, 15%, and 20% waste starch water. The 

results demonstrated that as the percentage of waste starch water increased, the 

Workability of the concrete improved significantly. This enhancement in Workability can 

be attributed to the lubricating effect of starch particles within the concrete mix[23]. 

Starch molecules are dispersants, reducing the frictional forces between cement and 

aggregate particles. As a result, the concrete becomes more fluid and cohesive, 

facilitating better flow and ease of handling during construction operations[24].The initial 

setting time and Workability are measured and given in Table 2. 

 

              Table 2: Initial setting time and Workability for various compositions 

 

 

 

 

 

 

 

2. Compressive Strength: The compressive strength of concrete is a critical mechanical 

property that determines its structural performance[25]. In this study, we investigated the 

compressive strength of concrete with different percentages of waste starch water at 

curing durations of 7, 14, and 28 days. At early curing durations (7 and 14 days), the 

compressive strength of concrete with waste starch water was slightly lower than 

conventional concrete. This decrease in early-age compressive strength can be attributed 

to the retarding effect of starch on the cement hydration process during the initial curing 

stages. The presence of starch molecules on cement particles hinders the early 

development of the cement gel, leading to reduced early-age strength[26].However, at 28 

Waste starch water (%) Initial setting time(minutes) Workability(mm) 

10% of starch water 25 150 

15% of starch water 50 75 

20% of starch water 50 30 

100% of potable water 30 100 
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days of curing, the compressive strength of concrete with waste starch water reached 

levels comparable to that of conventional concrete. This phenomenon suggests that the 

retarding effect of starch diminishes over time, and the concrete with waste starch water 

eventually achieves similar long-term compressive strength. The gradual dissolution of 

starch particles during curing allows for continued cement hydration, leading to the 

development of a well-formed and interconnected cementitious gel network. 

Consequently, the concrete with waste starch water demonstrates resilience and 

compatibility, ensuring its long-term structural integrity[27]. Figure 4 provides the 

resultant compressive strength values. 
 

 
                          

Figure 4: Compressive Strength of Various Compositions 

 

3. Split Tension: The split-tension test was conducted to evaluate the concrete's tensile 

properties and resistance to cracking. The results showed that the optimized composition 

(Label C) containing waste starch water exhibited superior split tension performance 

compared to conventional concrete. The improvement in split tension performance can be 

attributed to the unique interaction between starch particles and the concrete matrix. 

Starch particles act as micro-fillers, enhancing the interlocking and bonding of 

cementitious materials. This reinforcement results in improved tensile strength and crack 

resistance, as the presence of starch particles impedes crack propagation and fracture 

development[28]. The uniform dispersion of starch particles also ensures more effective 

load transfer across the concrete microstructure, contributing to the observed 

enhancement in tensile properties[29]. Figure 5represents the split tension for various 

compositions, and it is observed that the proposed composition (LabelC) exhibits a better 

performance than the conventional concrete. 

 

 
 

                                 Figure 5: Split tension for various compositions 
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4. Comparison of Density and Compressive Strength: The comparison of density and 

compressive strength across various concrete compositions highlights the influence of 

waste starch water on these properties.Table 3. Compares the density and strength of 

various components of concrete. The composite C (Label C) has reasonable density and 

strength among the four configurations. 

 

                        Table 3: Comparison of density and compressive strength 

 

Composition Density (kgm-3) Strength (Nmm-2) 

A 2525.42 42.92 

B 2466.37 40.96 

C 2488.49 44.44 

D 2551.81 43.26 

 

It's noteworthy that composition B exhibited the lowest density at 2466.37 kg m-3, 

suggesting a higher porosity or interconnected voids. This porosity might be attributed to 

the specific arrangement of particles and the influence of starch water content on the 

curing process. Notably, composition C (2488.49 kg m-3) displayed the highest density 

among the investigated compositions. This finding can be attributed to the balanced 

incorporation of waste starch water, which likely contributed to better particle packing 

and reduced porosity. The corresponding increase in density is of paramount importance 

as it signifies a denser microstructure, which can lead to enhanced mechanical properties, 

improved load-bearing capacity, and resistance to external factors such as freeze-thaw 

cycles. The significance of composition C's superior density extends to its influence on 

compressive strength. As observed in Table 3, composition C also exhibited the highest 

compressive strength at 44.44 N mm-2. This correlation between density and strength 

further reinforces the critical relationship between microstructure and mechanical 

performance. The densely packed structure of composition C is indicative of minimized 

voids, thereby facilitating more effective load transfer between particles and contributing 

to its higher compressive strength. 

 

IV.  LIMITATIONS OF THE STUDY 

 

While the results of this study are promising, certain limitations should be 

acknowledged to provide a comprehensive perspective. 

 

• The rice variety used in this study was boiled rice, a hybrid of Pusa-677 (IET-12617) and 

Triguna (IET-12875) family. It is essential to acknowledge that different rice varieties 

may possess varying properties, potentially affecting the characteristics of starch 

water[30]. Further investigations with various rice varieties would be valuable to explore 

any variability.This could translate into varied outcomes in terms of workability, strength, 

and durability, influencing the generalizability of the findings. 

• The SEM and EDX analyses were primarily focused on the optimized composition (Label 

C). To gain a more comprehensive understanding of waste starch water's interaction with 

other concrete compositions, further, SEM and EDX characterizations are warranted.The 

microstructural variances in other compositions could yield different interactions  the 
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starch water and cement matrix, leading to distinct mechanical properties[30], that haven't 

been fully explored. 

• Notably, the study observed that a higher percentage of starch water (20%) led to poor 

workability. This outcome underscores the need to strike a balance between incorporating 

admixtures and maintaining optimal workability. While excessive starch water might 

reduce the ease of concrete placement, the degree of reduction and its practical 

implications could vary depending on specific construction requirements[31]. This 

limitation points to the challenge of predicting the exact threshold beyond which 

workability significantly deteriorates, thus prompting the need for more precise 

guidelines in mix design. 

• The strength decreased with increased density for compositions above 20% starch 

content.A denser structure might not always lead to proportionate strength gains, 

necessitating a deeper exploration of the intricate interactions between these factors. 

Further studies are needed to understand the balance between strength and density at 

higher starch contents. 

• It was noted that the composition (Label B) with 10% of starch water exhibited increased 

Workability with a marginal reduction in strength compared to conventional concrete. 

This is limited due to the oversight of tailoring the concrete mixes to align well with if 

any specific requirements demanded. This limitation highlights the ongoing need to strike 

an equilibrium between these opposing factors, considering the practical implications for 

construction processes and long-term structural performance. 

 

V. CONCLUSION 

 

 In summary, this study has successfully investigated the incorporation of waste starch 

water as an innovative admixture in concrete, aiming to enhance both workability and 

mechanical performance. Among the investigated compositions, MIX C (with 15% starch 

water) emerged as the optimal blend, exhibiting a commendable compressive strength of 

44.44 N/mm2 and a density of 2488.49 kg/m3. The study revealed trade-offs between 

workability and strength, underscoring the intricate balance required for achieving both 

desirable attributes. This emphasizes the challenge of formulating concrete mixes that cater to 

multiple performance criteria. The main contributions of this study align seamlessly with the 

broader goals of eco-friendly construction practices. By utilizing waste starch water, a 

byproduct that would otherwise be discarded, this research establishes a sustainable approach 

to reducing waste and minimizing environmental impact. Moreover, the identification of an 

optimized composition that simultaneously enhances workability and strength speaks to the 

potential of waste starch water as a viable alternative to traditional concrete mixing practices. 

This not only addresses the challenge of water scarcity in construction but also aligns with 

the ethos of sustainable construction methodologies. 
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