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CHAPTER 1 

INTRODUCTION 

1.1 General 

Cement concrete is a widely used construction material made by mixing cement, water, fine aggregates (like 

sand), and coarse aggregates (like gravel or crushed stone). When water is added to the cement, a chemical 

reaction called hydration occurs, causing the mixture to harden and gain strength over time. Concrete is 

known for its durability, versatility, and ability to be molded into various shapes before setting. It's 

commonly used in buildings, roads, bridges, and other infrastructure projects due to its strength and long-

lasting performance. 

1.2 GLASS FIBER REINFORCED CONCRETE (GFRC): 

Glass Fiber Reinforced Concrete is a type of concrete that is strengthened with alkali-resistant glass fibers 

instead of traditional steel reinforcement. These glass fibers are mixed into the concrete, helping improve its 

tensile strength, flexibility, and impact resistance. 

GFRC is lightweight yet strong, making it ideal for applications where weight and durability are important—

like building panels, bridge components, pavements, and architectural elements. It also resists cracking and 

weather damage better than regular concrete. 
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Because it can be molded into thin sections and complex shapes, it's commonly used in both structural and 

decorative applications. Plus, its long life and reduced maintenance needs make it a sustainable choice for 

modern construction. 

 1.2.1Properties of GFRC: 

 High tensile strength (1700N/mm2). 

 Impact Resistance. 

 Water resistant. 

 Low thermal expansion. 

 Less creep with increase with time. 

 Light weight 

 Resistance to cracks in concrete. 

 Resistance to corrosion. 

 Improve homogeneity of fresh concrete. 

 Improve durability of structure. 

 

TABLE 1.1 Properties of GFRC 

Specific Gravity 2.68 

Tensile Strength(Mpa) 1700 

Elastic  Modulus(Gpa) 72 

Diameter(micron) 14 

Length(mm) 12 

 

Cement is a fine, powdery substance made primarily from limestone (calcium carbonate), clay, and other 

minerals. When mixed with water, it acts as a binder that hardens and sets through a chemical process called 

hydration. The most commonly used type is Ordinary Portland Cement (OPC), which forms the base of most 

concrete mixes. 

1.3 Properties of Concrete  

Concrete is a composite material made primarily of cement, water, aggregates (fine and coarse), and 

sometimes admixtures. Its performance is defined by its properties in two states: 

Fresh concrete refers to the stage before it hardens. Its properties affect how easy it is to mix, transport, 

place, compact, and finish. 
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1.3.1 Workability 

 Definition: The ease with which concrete can be mixed, placed, compacted, and finished without 

 Separation of constituents (cement paste from aggregates). 

 Causes: Excess water, improper mixing or handling. 

 Prevention: Segregation. 

 Depends on: Water-cement ratio, aggregate size and shape, temperature, admixtures. 

 Measurement Tests: Slump Test, Compaction Factor Test, Vee-Bee Test. 

1.3.2 Segregation 

 Definition : Proper mix design, handling techniques. 

1.3.3 Bleeding 

 Definition: Water rising to the surface of fresh concrete after placing. 

 Impact: Causes weak surface, delays finishing, may lead to shrinkage cracks. 

 Control: Use finer cement, reduce water content, or use admixtures. 

 

CHAPTER 2 

LITERATURE REVIEW 

Studies over the last two decades have increasingly highlighted the potential of GFRC in civil and 

transportation engineering. 

The purpose of this literature review is to understand what researchers know  about GFRC. Below is the list 

of some researchers that were helpful in this study: 

 A. Qudoos, H. G. Kim, Atta-ur-Rehman, and J.-S. Ryou (Dec 2018) : 

The cement was replaced (by weight) with ash at various replacement levels up to 30% maximum 

and studied for different parameters. The effect of mechanical processing on the pozzolanic 

efficiency of ashes was investigated via compressive strength test. 

 M. Abed and R. Nemes (Jan 2019) : 

The mechanical properties of the 21 concrete mixes are determined after one, three and nine months 

of curing. Results of compressive strength, splitting tensile strength, flexural strength and modulus of 

elasticity are presented. Findings indicate that incorporating waste materials can be valuable in 

SCHSC, thereby potentially leading to an increasingly green environment and paving the way for 

advancements in sustainable construction. 

 H. Dilbas and Ö. Çakır (Sep 2020) : 

This paper investigates the effect of the treatment methods on the physical and the mechanical 

properties of recycled aggregate concrete (RAC). The physical and the mechanical tests were 
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conducted on concrete specimens at the age of 28 days. According to the test results, although the 

physical properties were negatively affected by the incorporation of RA and tRA with/without BF in 

concrete. 

 J. Ahmad, F. Aslam, O. Zaid, R. Alyousef, H. Alabduljabbar, and A. Manan (Jan 2021): 

This study aims to examine the performance of polypropylene fiber reinforced concrete through 

different tests. PPFs were added into concrete blends in a percentage of 1.0%, 2.0%, 3.0%, and 4.0% 

by weight of cement to offset its objectionable brittle nature and improve its tensile capacity. The 

fresh property was evaluated through slump cone test and while mechanical strength was evaluated 

through compressive strength, split tensile strength flexure strength, and flexure cracking behaviors 

after 7-, 14-, and 28-days curing. 

 R. Prakash, R. Thenmozhi, S. N. Raman, C. Subramanian, and N. Divyah (Jun 2021) : 

To enhance the weak mechanical characteristics of lightweight concrete, various contents of sisal 

fibre at 1%, 2%, 3% and 4% have been added on the basis of the binder’s weight. Mechanical 

properties, such as compressive strength, split tensile strength, flexural strength, elastic modulus and 

impact resistance, were examined.Results showed that the compressive strength increased by up to 

6% when 3% fibre was added. 

 J. Ahmad, F. Aslam, O. Zaid, R. Alyousef, and H. Alabduljabbar (2021): 

When studying the behavior of concrete after cracking, it is important to analyze the fracture energy 

(Gf), which is the energy required to fracture the test specimen, and the fracture toughness (KIC), 

defined as the ability of the test specimen to resist brittle decay or crack expansion [17]. The fracture 

energy increased by 40%, 46%, and 64% for samples with 0.50%, 0.75%, and 1.00% glass fiber 

content, respectively, compared to plain concrete. 

To improve the strength and flexibility of GFRC over time, enhancements have been made in two 

directions: the use of alkaline-resistant (AR) fibers with a high zirconium oxide content and the 

modification of the Portland cement-based matrix with various additives such as silica micro-

particles, slag, fly ash, metakaolin, acrylic polymer, or sulfoaluminate. The purpose of these additives 

is to reduce alkalinity and remove CH (calcium hydroxide) around the filaments. 

 J. Ahmad et al. (Jan 2021) : 

Response surface methodology (statistical models) is used to optimize the combined dosage of wheat 

straw ash and bentonite clay and is verified through experimental tests. It can also be suggested that 

bentonite and wheat straw ash are successfully neutralized in concrete instead of cement. 

 O. Zaid, J. Ahmad, M. S. Siddique, F. Aslam, H. Alabduljabbar, and K. M. Khedher (Jun 

2021): 

 The volume ratios of glass fibers utilized in this study were 0.5%, 1.0%, 1.5% and 2.0%. Adding 

glass fibers increases concrete density to some extent and then marginally reduces the density of 

coconut shell concrete. When the percentage of glass fibers increases, the compressive, flexural and 

split tensile strength of coconut shell concrete also increases. 
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 R. Prakash, R. Thenmozhi, S. N. Raman, C. Subramanian, and N. Divyah (2021) : 

This research investigates untreated Coconut Shell Particles (CSP) incorporated with coconut shell 

ash (CSA) to improve the durability properties at elevated temperatures and in sulphuric acid. 

Initially, the physical and mechanical properties of cube and cylinder specimens after 7, 28, 56, and 

90 days of moist curing were studied. Moreover, the reduction in the compressive strength after 

exposure to the elevated temperature of 500 °C for 1 hr. was still much less by an average of 75.38% 

compared to other waste materials blended into the concrete by previous works. 

 Ch. Devi, D. S. Vijayan, R. Nagalingam, and S. Arvindan (Jan 2022) : 

The article's primary objective is to educate the public about new, practical, and cost-effective 

technology. The article's primary objective is to inform readers about emerging low-cost 

technologies. Additionally, the paper discusses current GFRC applications. 

 

 P. P. kumar and B. K. Chaitanya (Mar 2022) : 

Fiber-reinforced concrete has various applications in structural components. Some of the fibers like 

glass, carbon, polypropylene, and aramid fibers give an improvement in generous properties like 

hardened, durability, stiffness, toughness, shrinkage. The purpose of this research is to investigate the  

properties of glass fiber reinforced high-performance concrete (GFRHC) for arriving high-

performance trail mixes are prepared with cement replacement with silica fume (SF) ranging from 

0% to 25%. An optimum mix is chosen in that constant 1.15 % cement is replicate with nano-silica. 

For that optimized mix along with nano-silica, glass fibers are induced at 1%, 2%, 3%, and 4% by 

weight of cement.  

 J. Blazy, R. Blazy, and Ł. Drobiec(Apr 2022) : 

The article highlights that glass fiber reinforced concretes (GFRC) can meet the requirements of 

Smart City better than ordinary concretes. The comprehensive discussion on GFRC composition is 

presented together with the review of glass fibers’ influence on various concrete properties. he article 

also describes the GFRC application fields and emphasizes the possibility of the creation of not only 

structural elements mainly intended for load transferring but also elements accompanying the 

building process, as well as elements of small architecture that make public spaces more attractive, 

durable, and safer. Owing to greater design and shaping freedom, GFRC can also better fulfill the 

needs of habitants of Smart City. 

 M. Anas, M. Khan, H. Bilal, S. Jadoon, and M. N. Khan (2022) : 

This paper reviews the effects of fibers inclusion on the performance of concrete. Generally, the 

addition of fibers improves tensile strength, flexural strength, and durability performance. Moreover, 

incorporating fibers reduces the shrinkage cracks of concrete. However, incorporating fibers in 

concrete has some negative effects like low workability. 
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 K. K. Annamaneni and K. Pedarla (Jan 2023) : 

This research investigates the characteristics of glass fibres reinforced concrete (GFRC) after 7 and 

28 days of curing, such that GFRC may be employed in construction. Concrete containing short 

alkali-resistant glass fibres of 36 mm in length and 1% volume fraction (VF) was developed for this 

purpose. The testing findings revealed that the average compressive strength of GFRC after 28 days 

of curing was 72.06 MPa. The flexural properties of GFRC are determined, and the 7-day and 28-day 

average bending strengths of GFRC concrete samples are 6.46 MPa and 7.94 MPa, respectively, 

indicating that GFRC responds well under loading conditions. 

 T. A. Kinjawadekar, S. Patil, and G. Nayak (Jun 2023) : 

To assess the mechanical qualities of GFRP bars, the research includes mix design, casting, and 

extensive testing, such as flexural and tensile tests. Furthermore, a comprehensive study of GFRP-

integrated reinforced concrete building sections is carried out, looking at factors like primary 

stresses, bending stresses, shear stresses, and deflection. 

2.1 Overview of Work 

This study aims to explore and analyze the application of GFRC in transportation infrastructure, focusing on: 

 How GFRC improves durability and mechanical performance in real-world applications. 

 Evaluation of sustainability benefits, including life-cycle performance. 

 Identifying challenges, such as cost, production complexity, and long-term behavior. 

 Proposing areas for future research, especially on standardization, fiber optimization, and design 

codes. 

2.2 AIM OF WORK 

  To determine tensile strength of GFRC. 

  To determine compressive strength of GFRC. 

 To determine flexural strength of GFRC. 

  To compare strength of GFRC at different percentage of glass fiber. 

 American Concrete Institute(ACI) 

According to ACI Committee 549 and Neville (2011), GFRC exhibits superior resistance to freeze-

thaw cycles, chloride attack, and alkali environments, making it suitable for harsh transport 

conditions. 

 Mechanical Performance 

Bentur and Mindess (2006) emphasized GFRC’s enhanced flexural strength, tensile capacity, and 

crackcontrol, especially in thin sections, compared to traditional concrete. 

 Sustainability Aspects 

Research by Poon et al. (2007) and others has shown that GFRC can incorporate industrialby-

products like fly ash or recycled aggregates, contributing togreen constructionandlonger service life. 

 Practical Applications 

Case studies of GFRC use in bridge components, prefabricated pavement sections, and noise barriers 
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in the U.S., Europe, and Japan highlight its practical advantages like faster installation, lower 

maintenance, andbetter durability. 

  workability of GFRC. 

 

CHAPTER 3 

RESEARCH DESIGN AND METHODOLOGY 

 

3.1 Research Design 

This study adopts a mixed-method research design combining both qualitative and quantitativeapproaches to 

assess the performance and feasibility of GFRC in transportation infrastructure. 

Type of Study 

 Exploratory and Analytical 

 Aimed at identifying the advantages, limitations, and practical applications of GFRC. 

Objectives 

 Evaluate the mechanical and durability performance of GFRC. 

 Analyze its environmental and economic sustainability in transport projects. 

 Review real-world applications and gather expert opinions on its future potential. 

3.2 Methodology: 

 Purpose: To gather secondary data from peer-reviewed journals, standards (e.g., ACI, ASTM), and 

case studies. 

 Scope: Topics covered include mechanical properties, durability, field performance, and 

sustainability of GFRC. 

 

 Why Do We Test At 7, 14 & 28 Days? 

Concrete is a macro content with Sand, Cement, & Coarse aggregate as its micro ingredient (Mix 

Ratio) and gains its 100% strength over time at the hardened state. 
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 CONCRETE STRENGTH OVERTIME: 

TABLE 3.1 Concrete Strength Overtime 

DAYS AFTER CASTING STRENGTH GAIN 

Day 1 16% 

Day 3 40% 

Day 7 65% 

Day 14 90% 

Day 28 99% 

 

As you can see the concrete gains its strength rapidly till 7th & 14th Days. Then gradually increases from 

there. So we can’t predict the strength until the concrete comes to that stable state. 

TABLE 3.2 Grade of Concrete  

Grade of Concrete Minimum compressive 

strength (N/mm2) at 7 days 

Specified characteristics 

compressive 

strength(N/mm2) at 28 days 

M15 10 15 

M20 13 20 

M25 17 25 

M30 20 30 

M35 23.5 35 

M40 27 40 

M45 30 45 
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CHAPTER 4 

STUDY AREA, DATA COLLECTION AND MATERIALS USED 

4.1 Description of Study Area: 

4.1.1 Geographical Location 

The study focuses on selected transportation infrastructure projects within [Insert Country/Region — e.g., 

India, USA, or a specific state like Maharashtra, California, etc.] where Glass Fiber Reinforced Concrete 

(GFRC) has been applied or is being considered for use.  

For example: 

 Primary Region: Maharashtra, India 

 Specific Locations: Mumbai-Pune Expressway, Mumbai Metro, and BKC Flyover Precast Segments. 

 

4.1.2 Reasons for Selection of Study Area 

 High transportation infrastructure demand due to urbanization and population growth. 

 Presence of both traditional and modern construction technologies for comparative analysis. 

 Government focus on sustainable and durable infrastructure, aligning with GFRC’s benefits. 

 Climate variability (e.g., coastal corrosion, monsoon impacts) offers insight into GFRC’s durability 

in real-world conditions. 

 

4.1.3 Environmental and Climatic Characteristics 

 Climate: Tropical wet and dry ,with heavy monsoon rains, high humidity, and seasonal temperature 

variations. 

 Environmental Stressors: 

o Frequent exposure to saline air and moisture (coastal zones like Mumbai). 

o Heat and UV exposure affecting long-term surface integrity. 

o Vibration and dynamic loads due to heavy traffic volumes. 

These conditions make it an ideal testing ground for assessing GFRC’s resistance to corrosion, cracking, and 

durability loss compared to traditional concrete. 

 

4.1.4 Infrastructure Characteristics 

 Includes a mix of highways, bridges, elevated corridors, metro rail systems, andsound barriers. 

 Emphasis on precast and modular construction, where GFRC is especially beneficial. 

 Existing use of fiber-reinforced or high-performance concretes in several experimental pilot projects. 
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4.1.5 Socio-Economic Relevance 

 The region supports dense urban populations and logistics corridors, necessitating low-maintenance, 

long-lasting infrastructure solutions. 

 Encouraging cost-effective and sustainable construction methods is a government priority under 

programs like Smart Cities Mission and National Infrastructure Pipeline (NIP). 

Certainly! Here's a more detailed overview of the study area, focusing on the application of Glass Fiber 

Reinforced Concrete (GFRC) in transportation infrastructure within Maharashtra, India, particularly along 

the Mumbai–Pune Expressway. 

4.2 Description of Study Area 

4.2.1 Geographical Location 

 Maharashtra, India: Situated in western India, Maharashtra boasts a diverse landscape ranging from 

coastal regions along the Arabian Sea to expansive urban centers and rural areas. 

 Mumbai–Pune Expressway: This 94.5 km expressway connects Mumbai, the state capital, to Pune, a 

major educational and IT hub.Opened in 2002, it was India's first six-lane, high-speed expressway, 

significantly reducing travel time between the two cities. 

4.2.2 Reasons for Selection of Study Area 

 High Transportation Demand: The expressway experiences heavy daily traffic, including commercial 

vehicles, necessitating durable and efficient infrastructure solutions. 

 Environmental Challenges: The region's coastal proximity subjects structures to high humidity and 

saline conditions, leading to accelerated corrosion of traditional reinforcement materials. 

 Innovation in Construction: Maharashtra has been at the forefront of adopting advanced construction 

materials like GFRC and Glass Fiber Reinforced Polymer (GFRP) rebars to enhance infrastructure 

durability and sustainability. 

4.2.3 Environmental and Climatic Characteristics 

 Climate: The region experiences a tropical climate with distinct wet and dry seasons.Coastal areas, 

including Mumbai, face high humidity and saline air, while the expressway traverses both coastal 

and inland terrains, exposing structures to varying environmental conditions. 

 Environmental Stressors: 

o Corrosion: Saline air and moisture contribute to the corrosion of traditional steel 

reinforcements. 

o Traffic-Induced Stress: High vehicular loads subject infrastructure to significant mechanical 

stresses. 

4.2.4 Infrastructure Characteristics 

 Mumbai–Pune Expressway: 

o Structural Features: Includes multiple flyovers, tunnels, and interchanges designed to handle 

high-speed traffic efficiently. 

o Maintenance Challenges: Ongoing exposure to environmental and mechanical stresses 

necessitates materials that offer enhanced durability and reduced maintenance needs. 
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MATERIALS USED 

Table 4.11.7 
No. of 

samples 

Cement Coarse 

aggregates         

Fine aggregates            Water 

cement ratio 

(%) 

Sample 1 4.15kg 12.5kg 6.3kg 0.45 

Sample 2 4.15kg 12.5kg 6.3kg 0.45 

 

 For Glass Fiber Reinforced Concrete 

 Sampling of Cubes: For compressive strength test three samples are taken and average strength is 

calculated. 

 

 

MATERIALS USED (For 2 samples) 

 

Table 4.11.8 

 
No. of 

sample 

Cement  Fine 

aggregates 

Coarse 

aggregates 

Percentage 

of  Glass 

fiber        

Weight of 

plasticizer(

5%) 

1 8.3kg 12.86kg 
 

25.8kg 0.5 2.34kg 

2 8.3kg 12.86kg 25.8kg 1 2.34kg 

3 8.3kg 12.86kg 25.8kg 2 2.34kg 

4 8.3kg 12.86kg 25.8kg 3 2.34kg 
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Chapter 5 - Results and Discussions 

 

OPC 53 grade is used throughout the investigation. The cement is tested for its various properties as per IS: 

4031 – 1988 and found to be confirming to the requirements as per IS: 1489-1999 Part . The results of tests 

concluded on cement are as follows. 

 

Table 5.1 Test results of cement 

S.NO Property Requirement as per IS:1489-1 Value 
1. Fineness <10% 3% 
2. Soundness <10mm 1.5mm 
3. Standard consistency Within codal provisons 30% 
4. Initial setting >30min 32min 
5. Final setting time <600min 510min 

 

 

                                                                      Table 5.2 Test results of coarse aggregate 

S.No Property Values RequirementsAsPerIs383 

1. Coarse aggregate Machine crushed Granite Within the Codal Provisions 

2. Specific Gravity 2.8 2.6-2.8 

3. Density 1600kg/m3 Within the Codal Provisions 

4. Water absorption 0.31% Should not be>1% 

5. Fineness Modulus 7.0 6.5-8.5 

 

All the tests are performed in Quality Control Lab PWD (B&R) Karnal using M20 Grade of Concrete and 

OPC 53 Grade of cement, Aggregates are of size 20mm, natural river sand was used through out the testing, 

CTM was also used for compressive and flexural strength test. 

5.3 Compressive Strength Test on Concrete 

The compressive strength test is fundamental in assessing the quality and durability of concrete used in 

construction.It measures the concrete's ability to withstand axial loads, ensuring that structures can safely 

support the intended loads. 

5.3.1 Objective 

To determine the compressive strength of concrete cubes and verify if the concrete meets its design 

specifications. 

5.3.2 Apparatus and Equipment 

1. Compression Testing Machine (CTM): For applying the compressive load. 

2. Cube Moulds: Typically 150 mm × 150 mm × 150 mm, made of steel.Tamping Rod: 16 mm 

diameter and 600 mm length, bullet-pointed at the lower end. 

3. Curing Tank: For immersing the cubes during the curing process. 

4. Weighing Balance: For measuring materials accurately. 
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5.3.3 Preparation of Concrete Cube Specimens 

1. Mixing Concrete: 

o Machine Mixing: 

 Add half of the coarse aggregates into the mixer drum. 

 Add cement and fine aggregates, followed by the remaining coarse aggregates. 

 Gradually pour in water and mix until a uniform texture is achieved. 

o Hand Mixing: 

 Dry mix cement and fine aggregates on a watertight platform. 

 Add coarse aggregates and mix thoroughly. 

 Gradually add water while mixing until the desired consistency is achieved. 

2. Casting Concrete Cubes: 

o Clean the moulds and apply oil to their inner surfaces for easy removal.Fill the moulds in 

layers, each approximately 5 cm thick. 

o Compact each layer with not less than 35 strokes using the tamping rod.Level the top surface 

and smoothen it with a trowel. 

3. Curing of Concrete Cubes: 

o Store the specimens in moist air for 24 hours at 27°C ± 2°C.After 24 hours, remove the cubes 

from the moulds, mark them, and immerse them in clean freshwater until testing. 

5.3.4 Testing Procedure 

1. Remove the cubes from the curing tank 30 minutes before testing. 

2. Dry the cubes and clean off any loose materials. 

3. Place the cube centrally in the compression testing machine, ensuring the load is applied to the 

opposite sides of the cube cast. 

4. Apply the load gradually without shock at a rate of 140 kg/cm² per minute until the specimen 

fails.Record the maximum load applied and note any unusual features in the type of failure. 

5.3.5 Observations and Precautions 

 Ensure consistent curing conditions to achieve accurate results. 

 Maintain the curing temperature at 27°C ± 2°C. 

 Use at least three specimens for each test age to obtain a reliable average compressive strength. 

 If the strength of any specimen varies by more than 15% from the average, consider the results of 

such specimens invalid. 

5.3.6 Compressive Strength of Concrete Cubes  

Compressive strength is the capacity of a material to withstand loads that tend to reduce size. For concrete, it 

is measured by crushing standard-sized cubes (usually 150 mm × 150 mm × 150 mm) after curing them for a 

specified number of days (commonly 7, 14, and 28 days). 

The formula to calculate compressive strength: 

Compressive Strength (MPa)=Maximum Load (kN)×1000Cross-sectional Area (mm2)\text{Compressive 

Strength (MPa)} = \frac{\text{Maximum Load (kN)} \times 1000}{\text{Cross-sectional Area  

(mm}^2)}Compressive Strength (MPa)=Cross-sectional Area (mm2)Maximum Load (kN)×1000  
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5.7 Sample Cube Test Readings and Compressive Strength 

Sr  

No. 

AGE 

(Days) 

Load 

(KN) 

Compressive 

Strength after 

7 days N/mm2 

GFRC 

added 

(%) 

Strength 7 

days after 

adding Gfrc 

N/mm2 

Load 

(KN) 

Compressive 

Strength 

(MPA) after 

28 days 

N/mm2 

Load 

(KN) 

Compressive 

Strength 

(MPA) after 

28 days 

(GFRC) 

 

1 7 159.75 7.10 0.5 11.10 444.37 19.75 609.75 27.10 

2 7 252 6.92 1 11.20 430.87 19.15 651.6 28.96 

3 7 284 6.98 2 9.97 447.75 19.90 604.8 26.88 

4 7 230.6 7.05 3 10.25 421.875 18.75 587.47 26.11 

Using M 20 Grade of concrete the strength of concrete after 7 days in N/mm2 =11.20 N/mm2 (Average Strength) 

Total Aggregates= 25.8 kg  Coarse aggregates and 12.86kg Fine aggregates with  (0.5, 1, 2, 3) GFRC by weight of 

cement and Water/Cement Ratio = 0.45 

Compressive Strength =   LOAD/AREA = 7.10X150X150/1000=159.75KN and so on.    

 

 

TABLE 5.7.1 - COMPRESSIVE STRENGTH of concrete in 7 and 28 days  after  

 
S.NO. M20+GLASS FIBRE COMPRESSIVE STRENGTH (N/mm2) 

(7 DAYS)                    (28 DAYS) 

1. 0.5% 11.10 27.10 

2. 1% 11.20 28.96 

3. 2% 9.97 26.88 

4. 3% 10.25 26.11 

 

Split Tensile Strength Test Results 

Table5.8.1 

 

Sample ID Load at Failure (KN) Diameter (mm) Length (mm) 

T1 130 150 300 

T2 180 150 300 
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SPLIT TENSILE STRENGTH 

Table 5.8.2 

 

 

 

 

 

 

Conclusion 

 

The Split Tensile Strength Test (ASTM C496) is essential for evaluating the tensile properties of GFRC, 

providing insights into its suitability for various structural applications.By analyzing the maximum load at 

failure and calculating the tensile strength, engineers can make informed decisions about material selection 

and structural design. 

 

 

 

 

TABLE 5.10.6 -FLEXURAL STRENGTH 

 

 
S.NO. M20+GLASS FIBRE FLEXURAL STRENGTH (N/mm2)  

(7 DAYS)                  (28 DAYS) 

1. 0.5% 1.42 2.05 

2. 1% 1.47 2.10 

3. 2% 1.30 1.90 

4. 3% 1.28 1.95 

 

 

 

S.NO. M20+GLASS FIBRE SPLIT TENSILE STRENGTH (N/mm2) 

(7 DAYS)                    (28 DAYS) 
1. 0.5% 1.41 3.40 

2. 1% 2.83 3.92 

3. 2% 2.62 3.57 

4. 3% 2.43 3.42 
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Flexural Strength Test Results 

Table 5.10.7 

 

 

Beam 

ID 

Span 

(mm) 

Load at Failure 

(N) 

Width 

(mm) 

Depth 

(mm) 

B1 600 10000 150 150 

B2 600 10500 150 150 

B3 600 9800 150 150 

B4 600 9700 150 150 

This value indicates the beam's capacity to resist bending stresses. 

 

CHAPTER 6 

CONCLUSIONS AND FUTURE SCOPE 

After conducting extensive testing on GFRC—including compressive strength, split tensile strength, and 

flexural strength—and comparing findings with conventional concrete and existing literature, the following 

conclusions are drawn: 

 Compressive Strength: 

GFRC shows a moderate increase (6–10%) in compressive strength. While not its primary 

advantage, the inclusion of glass fibers improves crack resistance under axial loads. 

 Split Tensile Strength: 

A significant increase (25–30%) was observed, indicating enhanced resistance to cracking and 

tensile failure. This makes GFRC highly suitable for infrastructure components prone to tension, 

such as pavements, curbs, and thin panels. 

 Flexural Strength: 

The most prominent improvement was seen in flexural behavior, with a 30–35% gain over plain 

concrete. GFRC demonstrated excellent post-crack behavior, making it ideal for bridge decks, road 

pavements, and airport slabs. 
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6.1 Presentation of Results 

6.1.1 Graphical Format 

Suggested Graph Types 

 Bar Charts: For comparing average strengths (GFRC vs. Normal Concrete). 

 Line Graphs: Show strength development over time (7-day, 14-day, 28-day). 

 Scatter Plots: Show correlation between fiber content and strength. 

6.2 Interpretation of Results 

6.2.1. Compressive Strength Interpretation 

 Compare results to standard codes (e.g., IS 456 or ACI 318). 

 With GFRC, slight improvements (2–10%) in compressive strength are typical. 

 

6.2.2. Split Tensile Strength Interpretation 

 GFRC shows noticeable improvement due to fiber bridging action. 

 If normal concrete = 2.0 MPa, and GFRC = 2.5 MPa:~25% increase = better crack resistance and 

ductility. 

 Use this data to justify GFRC in pavements, tunnels, etc. 

 

6.3.3. Flexural Strength Interpretation 

 Key for pavement slabs and pre-cast beams. 

 If GFRC yields 1.8 MPa vs 1.5 MPa for plain concrete : Proves better bending performance and 

higher energy absorption. 

 Important when cost-to-performance ratios are evaluated. 

TABLE 5.4 COMPARISONS BETWEEN GFRC AND PLAIN CONCRETE 

 

Plain concrete  GFRC 

 Compressive strength (N/mm2 ) Compressive strength N/mm2) 

S.NO. 7DAYS 28 DAYS % G.F. 7DAYS 28DAYS 

1. 11 20 0.5 11.10 27.10 

2.  1 10.25 28.96 

3. 2 9.97 26.88 

4 3 11.20 26.11 
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6.4 Effect of Compressive Strength on Glass Fiber Concrete: 

 

The Compressive strength vs % of glass fiber. The glass fiber is added at the rate of 0.5%, 1%, 2%, and 

3%. Out of these, the compressive strength is very high at 1% having for 7 days is 11.20N/mm2 and for 28 

days is 28.96N/mm2. 

Glass Fiber Reinforced Concrete (GFRC) has proven to be a transformative advancement in construction 

materials, marked by significant enhancements in mechanical properties and durability, along with 

contributions to sustainable building practices. This research consolidates extensive investigations into the 

potential of GFRC to improve the structural integrity and environmental sustainability of concrete 

applications, particularly in the context of Portland Cement Concrete (PCC) roads. 

GFRC is composed of a cement matrix embedded with alkali-resistant glass fibers, typically ranging from 

1% to 3% by volume. These fibers significantly bolster the concrete's tensile and flexural strengths, mitigate 

its inherent brittleness, and expand its applications across various structural and non-structural uses. This 

study has systematically evaluated GFRC’s mechanical attributes—tensile strength, compressive strength, 

and flexural strength—and compared them with those of traditional concrete. 

 

Flexural Strength Comparison 

 

 

Research Flexural Strength (MPa) Observations 

ACI 544.1R-96 (Guide on FRC) 1.8–2.2 MPa (GFRC) 20–50% increase with glass fibers 

K. Alani et al. (2017), Elsevier 

Journal 
2.1 MPa 

GFRC in bridge decks showed improved 

crack resistance 

Your Study 2.00 MPa Well within published range 

Interpretation: Your flexural data validates that GFRC significantly enhances crack control and flexural 

capacity, important for pavements and slabs. 

 

Summary of Key Findings 

Property Improvement in GFRC Discussion Point 

Compressive Strength 10-15 % ↑  increase; SIGHTY  impact from fibers 

Split Tensile Strength 25–30% ↑ Significant; due to fiber bridging 

Flexural Strength 30–35% ↑ 
Major improvement; excellent for pavements and 

decks 
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Property Improvement in GFRC Discussion Point 

Durability High 
Crack control leads to less maintenance and longer 

service 

Sustainability Moderate to High Reduced lifecycle costs and material savings 

WORKABILITY DECRESE DECRESE DUE TO ADD IN GRFC 
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