
 
 

© STM Journals 2025. All Rights Reserved 99  
 

ISSN: 2249-4723 (Online) 

ISSN: 2347-7253 (Print) 

Volume 15, Issue 3, 2025 

September–December  

DOI (Journal): 10.37591/JoCETM STM JOURNALS

Journal of  

Construction Engineering,  
Technology & Management 

 
https://journals.stmjournals.com/jocetm 

Review JoCETM 
 

Comparative Review of Innovations in Self-Compacting 
Concrete (SCC) Technologies 
 
Kumar Sanu1,*, Pritam Priya2 
 

Abstract 

Self-compacting concrete (SCC) is a revolutionary material in contemporary construction, with better 
workability and lower labor requirements without any sacrifice in strength or durability. The latest 
advances have been in terms of furthering its environmental and performance attributes by using 
different materials and methods. One of them is substituting ordinary Portland cement with high-volume 
fly ash and calcined calcium carbonate (BCC), cutting CO₂ emissions by as much as possible while 
retaining or even enhancing compressive strength and durability. A second approach employs 
aluminum oxide (Al₂O₃) nanoparticles and glass fibers to increase particle packing and crack 
resistance, leading to as much as 61% increase in compressive strength and more than 100% increase 
in tensile strength. Furthermore, utilization of domestic wastewater with different levels of chemical 
oxygen demand (COD) is a viable solution for minimizing freshwater intake in concrete production. 
Whereas low-COD wastewater has good workability and strength, increased COD levels necessitate 
close monitoring because they may have a detrimental effect on hydration and durability. Comparative 
study of these methods reveals the ability of SCC to achieve worldwide sustainability objectives, 
optimize industrial byproducts, and minimize reliance on rare resources. Fly ash-BCC blends are 
particularly suited for green infrastructure, nanoparticle and fiber-reinforced SCC is best for high-
performance uses, and SCC made from wastewater presents a viable solution in water-scarce areas. 
Together, these innovations show the potential for SCC to become a more sustainable, high-
performance building material. Further research on hybrid technologies, life cycle analyses, and field 
scalability will be critical to taking SCC's place in future green construction models. 
 
Keywords: Fly ash, calcined calcium carbonate, glass fibers, aluminum oxide nanoparticles, self-
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INTRODUCTION 

Self-compacting concrete (SCC) is a new-age building material, designed to overcome the travails of 

traditional making of concrete that involves a lot of 

human labor. Its distinctive high flowability and 

self-consolidation properties enable it to flow by its 

own weight without the requirement for vibration, 

resulting in improved surface finish, reduced noise 

pollution during construction work on site, and 

reduced human error-induced defects [1]. During 

the late 1980s, Japan began the application of SCC 

in order to meet acute shortages in skilled labor and 

the need for strong, long-lasting concrete structures. 

It has since then been used in nearly all parts of the 

globe in numerous applications ranging from high-

rise buildings, intricate architectural designs, piers 

in bridges, tunnel linings, and precast concrete 

elements. The ease with which SCC can be molded 

to fit complex formwork renders it particularly 
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useful in applications where compaction is unfeasible or challenging [2]. However, as increasing focus 

is being placed on the environmental footprint of cement production—accounting for approximately 

8% of global CO₂ emissions—the need to render SCC formulations more sustainable is growing. This 

is accompanied by increasing pressures on natural resources, most significantly freshwater scarcity, 

which underscores the need for environmentally sustainable innovation. 
 
Though it is technologically advantageous, SCC production often requires cement, water, and 

chemical admixtures in bulk quantities in order to be workable and performative. Cement, though 
required for mechanical strength, is a massive source of carbon dioxide. Similarly, the significant 
quantity of drinking water utilized in mixing and curing SCC is proving to be a growing concern in 
regions where there was previously a water scarcity. These issues of the environment call for green 
materials, special admixtures, and alternative resources to minimize SCC's environmental footprint 
without decreasing its structural performance or properties [3]. 

 
Three groundbreaking studies that look at different aspects of SCC innovation are combined in this 

study: 
1. Material optimization: Among the most promising trends is the complete or partial replacement 

of OPC by industrial by-products such as high-volume fly ash (FA) and calcined calcium 
carbonate-based cementitious materials such as belite-calcium sulfoaluminate cement (BCC). 
These alternatives not only reduce the carbon footprint, but waste materials that might otherwise 
contribute to environmental harm are being consumed. They can sustain or even enhance 
compressive strength, improve long-term durability, and offer better thermal performance, 
particularly when mix designs are optimized for synergistic effects [4]. 

2. Nanotechnology applications: The incorporation of nanomaterials, for instance, aluminum oxide 
(Al₂O₃) nanoparticles and glass or polypropylene fibers, is a new front in SCC studies. They 
enhance particle packing density significantly, leading to low porosity and improved 
microstructure. The resulting SCC exhibits higher compressive and tensile strength, improved 
resistance to chemical attack, and increased durability. Furthermore, synergistic use of nano-
additives with admixture-based supplementary cementitious materials may yield innovative, 
multi-functional SCC formulations that are optimized to address specific structural or 
environmental performance criteria [5]. 

3. Sustainable water usage: Focusing on SCC water intensity, recent research suggests the 
application of treated domestic or industrial wastewater as a potential mixing medium. Apart 
from preserving freshwater resources, the approach presents a new aspect of circular economy in 
construction. Treated wastewater with under controlled conditions COD levels has been shown 
to be made to meet performance specifications when optimally combined with compatible 
cementing systems as well as admixtures. Reuse of recycled water can also yield cost advantages 
and compliance with green building certification schemes [6]. 
 

These three innovation paths emphasize the potential of SCC not just as a high-performance building 

material but also as a solution to global sustainability objectives. Through interdisciplinary, 

collaborative research across materials science, environmental engineering, and structural design, the 

future of SCC can be aligned with circular economy thinking, low-carbon building, and climate change 

resilience. By developing both its technological and environmental aspects, SCC is well placed to lead 

the way in sustainable infrastructure development globally [7]. 

 

MATERIALS AND METHODOLOGIES 

High-Volume Fly Ash and Calcined Calcium Carbonate Replacement 

Study overview 

Panumas Saingam et al. have researched high-volume fly ash and BCC as materials to replace 

ordinary Portland cement, thereby contributing to mitigate the environmental footprint of SCC. Cement 

production is a major contributor to CO₂ emissions, and making replacements with industrial wastes 

such as fly ash makes it sustainable. The study highlighted the compatibility of fly ash and BCC with 
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keeping the mechanical and rheological properties of SCC while reducing the amount of OPC by up to 

70% [8]. 

 
Key Methods: 

• Various mixtures were prepared by replacing OPC with fly ash (20-50%) and BCC (5-20%) in 
different proportions. 

• EFNARC-standard tests such as slump flow, V-funnel, and L-box were conducted to assess 
workability. 

• Evaluation of both compressive strength and durability was done at more intervals of curing 
period. 

• Microstructural analyses were carried out by means of scanning electron microscopy (SEM) to 
understand moisture interactions between the fly ash, BCC, and hydration products of cement, 
which were produced.  

 
Aluminum Oxide Nanoparticles and Glass Fibers 
Study overview 

Hamed Heidarzad Moghaddam et al. and others studied the synergy of using both Al₂O₃ nanoparticles 
and glass fibers in SCC to enhance mechanical and durability properties. Because of their small size 
and a large surface area, nanoparticles densify the packing of cementitious materials, while glass fibers 
provide tensile strength and crack resistance. This study explored optimal combinations of these 
additives to achieve superior performance in SCC [9]. 

 
Key Methods: 

• Al₂O₃ nanoparticles were added in varying percentages (0-3% by weight), and glass fibers were 
incorporated at different volume fractions (0-1.5%). 

• Tests on compressive strength, splitting tensile strength, ultrasonic pulse velocity, and bond 
strength were conducted. 

• Durability was assessed using water absorption, water penetration, and electrical resistance tests. 
• Analytical models were developed to correlate the observed improvements in mechanical and 

bond properties with the microstructure of SCC. 
 
Domestic Wastewater with Varying COD 

Study overview 
Elham Jahandideh and others studied a wastewater source with different levels of COD as a possible 

substitute for tap water in producing SCC. One of the aims of this approach is to alleviate future water 
scarcity problems while promoting sustainability in concrete production. The measure of organic 
content is implicated in the properties of wastewater and subsequently in the performance of SCC: 
COD. Workability, mechanical properties, and durability of SCC were analyzed with different COD 
concentrations [10]. 

 
Key Methods: 

• Wastewater with COD values ranging from 600 to 1800 mg/L was used to prepare SCC mixtures. 
• Workability tests, including slump flow and T50, were performed to evaluate fresh SCC 

properties. 
• Mechanical properties were measured through compressive and tensile strength tests at 7, 28, and 

90 days. 
• Durability was assessed based on water absorption and capillary action tests to understand the 

impact of wastewater impurities. 
 
COMPARATIVE ANALYSIS 

Workability 
• Fly ash and BCC: Enhanced workability for ingredient mixtures of high-volume fly ash and BCC 

was achieved that only met EFNARC standards. The effectiveness of BCC helps in Viscosity 
and stability of SCC, thus not allowing segregation even at high levels of replacement [8]. 
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• Al₂O₃ nanoparticles and fibers: The flowability was augmented by filling in micro-voids with 
Al₂O₃ nanoparticles; however, an excess of these nanoparticles increased clustering, thus 
decreasing workability. The presence of glass fibers mildly reduced flowability due to their 
reinforcing nature [9]. 

• Wastewater: Workability decreased with increasing COD levels due to the presence of organic 
and mineral impurities, which interfered with the hydration process. Low-COD wastewater 
mixtures exhibited acceptable flow properties [10]. 

 
Mechanical Properties 

• Fly ash and BCC: The optimal mix with 20% fly ash and 5% BCC demonstrated a significant 
increase in compressive strength (7.7% higher than the control at 91 days). This improvement 
was attributed to the pozzolanic activity of fly ash and the filler effect of BCC. 

• Al₂O₃ nanoparticles and fibers: The combination of 2% Al₂O₃ nanoparticles and 1.5% glass fibers 
resulted in a 61% increase in compressive strength and a 107.6% increase in tensile strength. 
These enhancements were due to improved particle packing and fiber reinforcement. 

• Wastewater: Compressive strength decreased with higher COD levels but recovered significantly 
at 90 days for some mixtures, indicating delayed hydration due to organic impurities [11]. 

 
Durability 

• Fly ash and BCC: Durability tests showed lower water absorption and higher resistance to 
chloride penetration, attributed to the densification of the cement matrix by fly ash and BCC. 

• Al₂O₃ nanoparticles and fibers: Durability improved with reduced water absorption (46%) and 
increased electrical resistance (265%), highlighting the combined effects of nanoparticle 
densification and fiber bridging. 

• Wastewater: Increased water absorption and capillary action were observed in high-COD 
mixtures, raising concerns about long-term durability. Proper treatment of wastewater before use 
is essential. 
 

IMPLICATIONS FOR SCC DEVELOPMENT 
Environmental Sustainability 

• Fly ash and BCC: Very high levels of fly ash replacement with OPC as well as very high levels 
of BCC replacement result in reduced CO2 emissions and provide an avenue for very sustainable 
large-scale construction practices. 

• Al₂O₃ nanoparticles and fibers: Manufacturing of nanoparticles and their application is efficient, 
albeit having potential environmental concerns due to energy-consuming processes. More studies 
are needed for enhancing their sustainability  

• Wastewater: The rationale behind this is that the reuse of treated sewage is a global norm for 
conserving fresh water and mitigating water shortness. However, the physiological properties of 
wastewaters should be closely examined so as to not jeopardize the functioning of SCCs [12]. 

 
Practical Applications 

• Fly ash and BCC: Suitable for infrastructure projects requiring durable and low-carbon materials, 
such as bridges and pavements. 

• Al₂O₃ nanoparticles and fibers: Ideal for high-performance structures demanding superior 
mechanical properties, including high-rise buildings and industrial facilities. 

• Wastewater: Promising for regions facing acute water shortages, provided that proper treatment 
technologies are implemented. 
 

CONCLUSIONS AND FUTURE DIRECTIONS 
These three investigations jointly proceed with the understanding of SCC technology as they try to 

arrive at solutions for its challenges concerning sustainability, performance, and resource optimization. 
Alkali-activated fly ash and calcined calcium carbonate provide an economically viable and 
environmentally sustainable alternative, while the combined use of Al₂O₃ nanoparticles and glass fibers 
achieves the highest mechanical performance. The use of wastewater is a significant step in conserving 
water resources, but there is still a need to explore the management of impurities further. 
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Future research should focus on: 

1. Hybrid solutions: A combination of several novel technologies, such as nanotechnology and 

industrial by-products, will lead to synergistic effects. 

2. Long-term durability: Assessing the aging behavior of the SCC under various environmental 

conditions. 

3. Economic feasibility: Formulation of cost-effective ways to implement them on a large scale. 

 

Addressing the issues of developing SCC into a sustainable and versatile material would 

revolutionize the construction industry. 
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