International Journal Of Multidisciplinary Research In Science, Engineering and Technology (IJMRSET)

““.‘.—*-:z,& | ISSN: 2582-7219 | www.ijmrset.com| Impact Factor: 4.988 | Monthly, Peer Reviewed & Referred Journal |
DiA
¥, =
«2"’@! Volume 2, Issue 11, November 2019
Dmrsel

| DOI:10.15680/1IJIMRSET.2019.0211012 |

Fatigue Performance of Glass Reinforced
Fibre Concrete in Bridge Deck Applications

Prof. Manish Tiwari*", Prof. Vaibhav Hoonka®, Prof. Arun Kumar Khare?, Preeti Tiwari’,
Pankaj Gupta®
Department of Civil Engineering, Global Nature Care Sangathan’s Group of Institutions, Jabalpur, MP, India®

ABSTRACT: Bridge decks are critical components of infrastructure, requiring materials with excellent fatigue
performance to ensure long-term durability and safety. Glass Reinforced Fibre Concrete (GFRC) offers potential
benefits due to its enhanced mechanical properties. This research paper investigates the fatigue performance of GFRC
in bridge deck applications, evaluating its behavior under cyclic loading conditions and comparing it with conventional
concrete. The study involves experimental testing and analysis to assess the fatigue life, crack development, and overall
performance of GFRC. The findings provide insights into the suitability of GFRC for bridge decks, offering
recommendations for its application in civil engineering.

I. INTRODUCTION

Background

The durability and safety of bridge decks are paramount in civil engineering. Bridge decks are subjected to repeated
loading from vehicular traffic, which can lead to fatigue failure over time. Traditional concrete, while commonly used,
may exhibit limitations in fatigue performance. Glass Reinforced Fibre Concrete (GFRC), incorporating glass fibers as
reinforcement, has shown improved mechanical properties, which could enhance fatigue performance. This paper
explores whether GFRC can provide superior fatigue resistance for bridge deck applications.

Objectives
The objectives of this research are to:
1. Evaluate Fatigue Performance: Assess the fatigue performance of GFRC under cyclic loading conditions.
2. Compare with Conventional Concrete: Compare the fatigue performance of GFRC with traditional concrete
used in bridge decks.
3. Analyse Crack Development: Investigate crack formation and propagation in GFRC compared to
conventional concrete.
4. Provide Recommendations: Offer recommendations for the application of GFRC in bridge deck construction
based on experimental findings.

Il. LITERATURE REVIEW

Fatigue Performance in Concrete
Fatigue performance refers to the ability of a material to withstand repeated or cyclic loading without failure. In
concrete structures, fatigue performance is crucial for ensuring longevity and safety.

Factors Influencing Fatigue Performance
1. Material Properties: The mechanical properties of concrete, such as tensile strength and modulus of
elasticity, impact its fatigue performance.
2. Loading Conditions: The magnitude and frequency of cyclic loading affect the fatigue life of concrete.
3. Crack Formation: Cracks can initiate and propagate under cyclic loading, leading to fatigue failure.

Glass Reinforced Fibre Concrete (GFRC)
GFRC is a composite material that incorporates glass fibers to enhance the mechanical properties of concrete.
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Mechanical Properties
1. Tensile Strength: Glass fibers improve the tensile strength of concrete, which can contribute to better fatigue
performance.
2. Flexural Strength: GFRC exhibits higher flexural strength compared to conventional concrete, aiding in
fatigue resistance.
3. Crack Resistance: The inclusion of glass fibers can reduce crack formation and propagation, enhancing
fatigue performance.

Fatigue Performance of GFRC
1. Research Findings: Previous studies have shown that GFRC can offer improved fatigue performance due to
its enhanced mechanical properties.
2. Comparative Studies: Comparisons with conventional concrete indicate that GFRC may have superior
fatigue resistance under certain conditions.

Previous Research
1. Khan et al. (2011) investigated the fatigue behavior of GFRC and found that it exhibited improved fatigue
resistance compared to conventional concrete.
2. Sathia Raj et al. (2013) analyzed the impact of glass fibers on fatigue performance and reported enhanced
fatigue life in GFRC.
3. Mousavi et al. (2015) compared the fatigue performance of GFRC and conventional concrete in bridge deck
simulations and observed superior performance of GFRC.

Il. METHODOLOGY

Materials
Concrete Mixes
1. Control Mix: A standard concrete mix without glass fibers.
2. GFRC Mixes: Concrete mixes incorporating glass fibers at varying volume fractions (0.5%, 1%, and 1.5%).

Glass Fibers
Glass fibers were sourced from commercial suppliers and processed to meet industry standards for use in concrete.

Sample Preparation
1. Mixing: Concrete mixes were prepared using standard procedures. Glass fibers were added to GFRC mixes at
specified volume fractions.
2. Casting: Concrete samples were cast into standard beam and cylinder molds and cured under controlled
conditions.
3. Testing: Fatigue performance, crack development, and overall performance were evaluated using established
testing methods.

Experimental Procedure
Fatigue Testing
1. Apparatus: Fatigue testing was conducted using a cyclic loading machine.
2. Procedure: Concrete samples were subjected to cyclic loading with varying frequencies and amplitudes to
simulate real-world conditions.
3. Data Collection: Fatigue life, load-deflection behavior, and crack formation were recorded and analyzed.

Crack Development Analysis
1. Apparatus: Crack development was monitored using visual inspection and digital imaging.
2. Procedure: Concrete samples were examined for crack initiation and propagation during cyclic loading.
3. Data Collection: Crack patterns, widths, and locations were recorded and analyzed.

Data Analysis
1. Fatigue Life: The number of loading cycles to failure was recorded and analyzed to determine fatigue
performance.
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2. Crack Formation: Crack development was analyzed to assess the impact of glass fibers on crack resistance.
3. Performance Comparison: The performance of GFRC was compared with conventional concrete to evaluate
its suitability for bridge decks.

IV. RESULTS AND DISCUSSION

Fatigue Performance
Control Mix
1. Fatigue Life: The control mix exhibited typical fatigue life for conventional concrete, with noticeable
degradation and failure after repeated loading cycles.
2. Load-Deflection Behavior: Conventional concrete showed standard load-deflection characteristics, with
increased deflection and reduced load-bearing capacity as loading cycles progressed.

GFRC Mixes
1. Effect of Fiber Content: GFRC mixes with glass fibers demonstrated improved fatigue performance
compared to the control mix. Higher fiber content (1.5%) resulted in the most significant enhancement in
fatigue life.
2. Load-Deflection Behavior: GFRC showed improved load-deflection characteristics, with reduced deflection
and better load-bearing capacity under cyclic loading.

Crack Development
Control Mix
1. Crack Initiation: Cracks initiated earlier in conventional concrete under cyclic loading. Crack widths and
propagation were more pronounced compared to GFRC.
2. Crack Patterns: Conventional concrete exhibited typical crack patterns, with larger and more frequent cracks.

GFRC Mixes
1. Crack Resistance: GFRC demonstrated reduced crack initiation and propagation. Higher fiber content
contributed to fewer and narrower cracks.
2. Crack Patterns: GFRC exhibited improved crack patterns, with reduced crack widths and less frequent
cracking.

Comparison with Conventional Concrete
1. Fatigue Resistance: GFRC showed superior fatigue resistance compared to conventional concrete, with
longer fatigue life and better load-bearing capacity.
2. Crack Performance: GFRC exhibited enhanced crack resistance, contributing to overall improved
performance under cyclic loading.

Implications for Bridge Deck Applications
1. Durability: The improved fatigue performance of GFRC makes it a suitable material for bridge decks, where
resistance to cyclic loading is critical.
2. Maintenance: Enhanced crack resistance and fatigue performance can lead to reduced maintenance and repair
costs for bridge decks.
3. Design Considerations: GFRC can be integrated into bridge deck designs to improve performance and
longevity, potentially leading to more durable and cost-effective infrastructure.

Environmental and Economic Considerations
Environmental Impact
1. Sustainability: GFRC aligns with sustainable building practices by offering improved performance and
potentially reducing the need for frequent repairs and replacements.
2. Resource Efficiency: The use of glass fibers, especially if recycled, can contribute to resource efficiency and
waste reduction.
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Economic Impact

1. Cost Implications: While GFRC may have higher initial costs compared to conventional concrete, its
improved performance can lead to long-term cost savings through reduced maintenance and extended service
life.

2. Maintenance: Reduced crack formation and improved fatigue resistance can result in lower maintenance and
repair costs, providing economic benefits over the lifespan of bridge decks.

V. CONCLUSION

The study demonstrates that Glass Reinforced Fibre Concrete (GFRC) offers significant improvements in fatigue
performance compared to conventional concrete. GFRC exhibits enhanced fatigue resistance, load-bearing capacity,
and crack resistance under cyclic loading conditions. These properties make GFRC a promising material for bridge
deck applications, where durability and performance are crucial.

The benefits of GFRC include longer fatigue life, reduced crack formation, and potential cost savings through
improved performance and reduced maintenance. Future research could focus on optimizing fiber processing, exploring
additional applications, and evaluating long-term performance in real-world bridge deck scenarios.
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