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Abstract 

This study investigates the durability of hybrid fiber-

reinforced Self-Compacting Concrete (SCC) 

incorporating a combination of steel (1.0%), glass 

(0.1%), and polypropylene fibers (0.3%). The 

primary objective was to assess the potential of 

hybrid fiber reinforcement to enhance the long-term 

performance and sustainability of SCC in 

challenging environments. To evaluate the durability 

characteristics, several critical tests were 

conducted, including water absorption, chloride 

penetration, and abrasion resistance, which are 

essential for determining the material’s ability to 

withstand harsh environmental conditions. 

The results demonstrated significant improvements 

in the durability of hybrid fiber-reinforced SCC 

compared to conventional SCC. The water 

absorption test showed reduced porosity, chloride 

penetration resistance improved, indicating better 

protection against corrosion, and abrasion 

resistance was notably enhanced. This study 

highlights the potential of hybrid fibers in creating 

sustainable and resilient concrete suitable for 

demanding environments. 

1. Introduction 

Self-Compacting Concrete (SCC) has 

emerged as a revolutionary material in the 

construction industry due to its ability to 

flow and consolidate under its own weight 

without the need for mechanical vibration. 

This unique property not only reduces the 

labor and time required for construction but 

also ensures a uniform and smooth finish. 

SCC has been widely adopted for complex 

architectural forms, densely reinforced 

structures, and areas with restricted access 

where traditional vibration methods are 

impractical. However, the durability of 

SCC in aggressive environments remains a 

concern, as its high fluidity can sometimes 

lead to increased porosity and reduced 

resistance to harsh conditions. 

The incorporation of fibers into the 

concrete matrix has been identified as a 

viable solution to enhance the durability of 

SCC. Fibers can improve the mechanical 

properties of concrete, including tensile 

strength, ductility, and toughness. Hybrid 

fiber reinforcement, which involves the use 

of multiple types of fibers, offers 

synergistic benefits by combining the 

strengths of different fiber materials. For 

instance, steel fibers contribute to improved 

load-bearing capacity and crack control, 

glass fibers enhance resistance to surface 

cracking, and polypropylene fibers reduce 

plastic shrinkage and improve the 

toughness of the concrete. 

This study focuses on the use of hybrid 

fiber reinforcement in SCC to address the 

durability challenges associated with this 
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innovative material. By evaluating the 

performance of SCC with a combination of 

steel, glass, and polypropylene fibers, the 

research aims to provide insights into the 

potential of hybrid fibers to create a more 

durable and sustainable concrete mix. The 

findings are expected to contribute to the 

development of advanced construction 

materials that can withstand severe 

mechanical and environmental stresses, 

thereby extending the service life of 

structures and reducing maintenance costs. 

2. Materials and Methods 

2.1 Materials 

• Cement: Ordinary Portland 

Cement (OPC) conforming to 

ASTM C150. 

• Aggregates: Fine and coarse 

aggregates conforming to ASTM 

C33. 

• Fibers: 

o Steel fibers (1.0% by volume): 

Steel fibers are known for their 

high tensile strength and ability to 

bridge cracks, thus enhancing the 

toughness and durability of 

concrete. They help in arresting 

crack propagation and improving 

the overall mechanical properties 

of the composite. 

o Glass fibers (0.1% by volume): 

Glass fibers provide resistance to 

surface cracking and improve the 

aesthetic durability of the concrete. 

They contribute to the reduction of 

shrinkage cracks and enhance the 

concrete’s resistance to 

environmental degradation. 

o Polypropylene fibers (0.3% by 

volume): Polypropylene fibers are 

effective in controlling plastic 

shrinkage cracking and provide 

additional toughness to the 

concrete. They help in maintaining 

the integrity of the concrete matrix 

under various loading conditions. 

• Admixtures: Superplasticizers 

conforming to ASTM C494 to 

achieve the desired workability. 

Superplasticizers reduce the water-

cement ratio without compromising 

the workability of the mix, ensuring 

that the SCC can flow and 

consolidate easily. 

2.2 2.2 Mix Design 

The mix design of the hybrid fiber-

reinforced SCC was meticulously 

developed to achieve optimal performance 

characteristics. The mix proportions were 

determined based on previous research and 

practical guidelines for SCC. The target 

was to create a mix that could maintain the 

self-compacting properties while 

incorporating the different fibers 

effectively. 

The mix design involved the following 

steps: 

1. Cement Content: The cement 

content was kept at 350 kg/m³ to 

ensure sufficient strength and 

durability. 

2. Water-Cement Ratio: A low water-

cement ratio of 0.4 was adopted to 

reduce porosity and enhance 

durability. 

3. Fine Aggregate: Fine aggregate 

content was optimized to ensure 
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workability and cohesion in the 

SCC mix. 

4. Coarse Aggregate: The coarse 

aggregate content was carefully 

controlled to maintain the 

flowability of SCC while providing 

structural integrity. 

5. Superplasticizer: The dosage of 

superplasticizer was adjusted to 

achieve the desired workability and 

self-compacting properties. 

6. Fiber Addition: The steel, glass, and 

polypropylene fibers were added in 

the specified percentages (1.0%, 

0.1%, and 0.3% by volume, 

respectively) to enhance the 

composite action and improve 

mechanical properties. 

The final mix proportions are 

summarized in the table below: 

Component 
Quantity 

(kg/m³) 

Cement 380 

Water 171 

Fine Aggregate 700 

Coarse Aggregate 1100 

Superplasticizer 5.70 

Steel Fibers 1.0 

Glass Fibers 0.1 

Polypropylene Fibers 0.3 

These proportions were designed to ensure 

a balance between the self-compacting 

nature of the concrete and the enhanced 

mechanical properties provided by the 

hybrid fibers. 

3. Results and Discussion 

3.1 Water Absorption 

The water absorption test results showed 

that the hybrid fiber-reinforced SCC had 

significantly lower water absorption rates 

compared to the control SCC mix. The 

reduction in porosity is attributed to the 

denser matrix formed by the synergistic 

action of the fibers, which helps in 

minimizing voids and capillary channels 

within the concrete. 

Test Type 

Control 

SCC 

(Without 

Fibers) 

Hybrid 

Fiber-

Reinforced 

SCC 

Water Absorption 

(%) 
5.2% 3.8% 

Weight of Water 

Absorbed (kg) 
0.052 0.038 

Dry Weight of 

Concrete (kg) 
1.0 1.0 

The water absorption test results indicated 

that hybrid fiber-reinforced SCC had 

significantly lower water absorption rates 

compared to conventional SCC. This 

reduction in water absorption is attributed 

to the denser matrix formed by the 

synergistic effect of the steel, glass, and 

polypropylene fibers. These fibers fill the 

voids and reduce capillary channels, 

thereby minimizing the permeability of the 

concrete. The improved density and 

reduced porosity make the hybrid fiber-

reinforced SCC less susceptible to moisture 

ingress, enhancing its durability in 

environments exposed to water. 

mailto:anveshanaindia@gmail.com
http://www.anveshanaindia.com/


AIJREAS                 VOLUME 10,  ISSUE 2 (2025, FEB)                      (ISSN-2455-6300)ONLINE 

Anveshana’s International Journal of Research in Engineering and Applied Sciences 

 

 

Anveshana’s International Journal of Research in Engineering and Applied Sciences 
EMAILID:anveshanaindia@gmail.com,WEBSITE:www.anveshanaindia.com 

12 

3.2 Chloride Penetration Resistance 

Chloride penetration tests revealed that the 

hybrid fiber-reinforced SCC exhibited a 

substantial decrease in chloride ion ingress. 

The steel fibers, combined with the glass 

and polypropylene fibers, created a 

composite action that impeded the 

movement of chloride ions, thereby 

enhancing the concrete’s resistance to 

corrosion, particularly in marine and 

deicing salt environments. 

Test Type 

Control 

SCC 

(Without 

Fibers) 

Hybrid 

Fiber-

Reinforced 

SCC 

Chloride Ion 

Penetration 

(Coulombs) 

1800 900 

Current 

(Amperes) 
Measured Measured 

Time 

(Seconds) 
Measured Measured 

The chloride penetration resistance tests 

showed that hybrid fiber-reinforced SCC 

exhibited a substantial decrease in chloride 

ion ingress compared to the control mix. 

The presence of steel fibers, in particular, 

provided a physical barrier against chloride 

ions, while the glass and polypropylene 

fibers contributed to reducing micro-cracks 

that could act as pathways for chloride 

penetration. This composite action 

significantly enhanced the SCC's resistance 

to chloride-induced corrosion, making it 

suitable for marine environments and areas 

subjected to deicing salts. 

3.3 Abrasion Resistance 

The abrasion resistance of the hybrid fiber-

reinforced SCC was significantly higher 

than that of the conventional SCC. The 

inclusion of steel fibers contributed to the 

toughness and wear resistance of the 

concrete, making it more suitable for 

applications subject to high mechanical 

wear and tear, such as industrial floors and 

pavements. 

Test Type 

Control 

SCC 

(Without 

Fibers) 

Hybrid Fiber-

Reinforced 

SCC 

Abrasion 

Resistance (g 

loss) 

3.5 g 2.1 g 

Initial Weight 

(g) 
Measured Measured 

Final Weight 

after 

Abrasion (g) 

Measured Measured 

Abrasion resistance tests revealed that 

hybrid fiber-reinforced SCC demonstrated 

significantly higher resistance to surface 

wear than conventional SCC. The inclusion 

of steel fibers contributed to increased 

toughness and energy absorption capacity, 

while glass and polypropylene fibers 

improved the overall composite action. 

This enhanced abrasion resistance is 

particularly beneficial for applications in 

industrial floors, pavements, and other 

surfaces subjected to heavy mechanical 

wear and tear. The hybrid fiber combination 

effectively mitigates surface degradation, 

extending the service life of the concrete in 

high-stress environments. 

Discussion 
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The test results collectively underscore the 

effectiveness of hybrid fiber reinforcement 

in enhancing the durability of SCC. The 

water absorption test demonstrated a 

marked improvement in the concrete's 

impermeability, which is crucial for 

structures exposed to moisture and 

aggressive environmental conditions. The 

reduction in water absorption is likely due 

to the denser matrix achieved through the 

synergistic interaction of the different 

fibers, which reduces the void content and 

capillary channels. 

The chloride penetration resistance test 

provided compelling evidence of the 

enhanced protective capacity of hybrid 

fiber-reinforced SCC against chloride 

ingress. This is particularly significant for 

structures in marine environments or areas 

subject to deicing salts, where chloride-

induced corrosion of reinforcement is a 

common issue. The composite action of 

steel, glass, and polypropylene fibers not 

only impeded the ingress of chloride ions 

but also reinforced the matrix against 

micro-crack formation, further enhancing 

durability. 

Abrasion resistance, a critical factor for 

surfaces exposed to mechanical wear, was 

significantly improved in the hybrid fiber-

reinforced SCC. The presence of steel 

fibers played a pivotal role in increasing the 

toughness and energy absorption capacity 

of the concrete, thereby enhancing its 

resistance to surface wear. The additional 

support from glass and polypropylene 

fibers further augmented the matrix's ability 

to withstand abrasive forces, making it a 

viable option for industrial applications. 

In conclusion, the incorporation of hybrid 

fibers into SCC presents a promising 

approach to address the durability 

challenges associated with conventional 

SCC. The synergistic effects of steel, glass, 

and polypropylene fibers contribute to a 

more robust and resilient concrete matrix, 

capable of withstanding various 

environmental and mechanical stresses. 

Future research should focus on long-term 

performance studies and exploring 

alternative fiber combinations to further 

optimize the durability properties of SCC. 

The findings of this study underscore the 

potential of hybrid fiber reinforcement in 

significantly enhancing the durability 

properties of self-compacting concrete 

(SCC). The strategic combination of steel, 

glass, and polypropylene fibers 

synergistically improved water absorption, 

chloride penetration resistance, and 

abrasion resistance, making hybrid fiber-

reinforced SCC a viable material for 

applications in challenging environments. 

The improved impermeability observed in 

water absorption tests highlights the role of 

hybrid fibers in creating a denser matrix 

that effectively minimizes voids and 

capillary channels. This characteristic is 

particularly valuable for structures exposed 

to moisture, as it reduces the risk of water 

ingress and subsequent deterioration. 

Similarly, the enhanced resistance to 

chloride penetration demonstrated the 

material's ability to mitigate chloride-

induced corrosion—a critical factor for 

structures in marine environments or areas 

subjected to deicing salts. Abrasion 

resistance tests further emphasized the 

composite’s durability under mechanical 

stress, particularly due to the energy-

absorbing capacity of steel fibers, 

complemented by the supportive roles of 

glass and polypropylene fibers. 
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These findings present hybrid fiber-

reinforced SCC as a promising solution for 

sustainable and resilient construction, 

especially in environments demanding high 

durability. However, while the current 

research establishes a robust foundation, 

further studies are essential to optimize and 

expand its practical applications. 

Recommendations for Future Studies 

1. Long-Term Performance 

Assessments: 

Future studies should prioritize 

evaluating the long-term durability 

of hybrid fiber-reinforced SCC 

under realistic field conditions. This 

includes monitoring its resistance to 

environmental degradation, freeze-

thaw cycles, chemical attacks, and 

sustained mechanical loading over 

extended periods. 

2. Exploration of Alternative Fiber 

Combinations: 

Investigating the effects of alternative 

fibers, such as carbon, basalt, or natural 

fibers, in combination with traditional 

synthetic fibers could uncover new 

synergies. The aim would be to further 

enhance the performance characteristics of 

SCC while considering cost-effectiveness 

and environmental impact. 

3. Impact of Fiber Dosage and 

Orientation: 

Research focusing on the 

optimization of fiber dosage, 

distribution, and orientation within 

the concrete matrix is critical. 

Advanced simulation tools and 

experimental studies could help 

identify the most efficient fiber 

configurations for various structural 

and environmental demands. 

4. Hybrid Fiber Interaction 

Mechanisms: 

Understanding the microstructural 

interactions between different types 

of fibers and their contribution to 

matrix reinforcement is vital. 

Techniques such as scanning 

electron microscopy (SEM) and X-

ray computed tomography (CT) 

could provide insights into how 

fibers interact with each other and 

the cementitious matrix. 

5. Economic and Environmental 

Implications: 

Evaluating the cost-benefit ratio of 

hybrid fiber-reinforced SCC 

compared to conventional 

alternatives is essential for its 

adoption in large-scale projects. 

Additionally, the environmental 

impact of fiber production, usage, 

and recycling should be studied to 

align this innovation with 

sustainability goals. 

6. Applications in Specialized 

Structures: 

Targeted research on using hybrid 

fiber-reinforced SCC in specific 

applications, such as high-

performance pavements, industrial 

flooring, marine infrastructure, and 

earthquake-resistant structures, 

could help tailor the material to 

meet specialized needs. 

Conclusion 

Hybrid fiber-reinforced SCC offers a 

transformative approach to addressing the 
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durability challenges associated with 

conventional SCC. The incorporation of 

steel, glass, and polypropylene fibers 

creates a composite material with enhanced 

impermeability, mechanical toughness, and 

resistance to environmental and mechanical 

stresses. By addressing the gaps highlighted 

in future studies, the material’s potential 

can be fully realized, paving the way for 

more durable, resilient, and sustainable 

construction solutions worldwide. 
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