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Abstract

This study explores the behavior of curved beams constructed with ultra-high-performance fiber-

reinforced concrete (UHPFRC). The research aims to analyze and experimentally validate the structural 

performance, durability, and load-bearing capacity of these beams. 
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Introduction 

Ultra-High-Performance Fiber-Reinforced Concrete (UHPFRC) represents a significant 

advancement in the field of construction materials, offering a combination of superior 

strength, durability, and versatility compared to traditional concrete. UHPFRC was 

developed in the late 20th century, evolving from earlier forms of fiber-reinforced concrete. 

Its development was driven by the need for a construction material with enhanced 

mechanical and durability properties. UHPFRC typically consists of a dense mix of fine-

grained cement, silica fume, quartz flour, fine silica sand, high-range water reducers, and a 

low water-to-cement ratio. It is reinforced with high-strength, discontinuous fibers, often 

steel or organic fibers. One of the most notable properties of UHPFRC is its exceptionally 

high compressive and tensile strength, much greater than that of standard concrete. This is 

largely due to its dense matrix and fiber reinforcement. UHPFRC shows excellent durability, 

including high resistance to abrasion, corrosion, and impact. This is attributed to its low 

permeability and dense structure, which significantly reduces the ingress of harmful 

substances. The main advantages of UHPFRC are its superior mechanical properties, 

durability, and the potential for innovative design due to its moldability and strength (Huang 

H, 2020) [1]. 

Objective of the Study 

To evaluate and compare the mechanical strength and durability of Ultra-High-Performance 

Fiber-Reinforced Concrete (UHPFRC) against Standard Concrete and Steel-Reinforced 

Concrete in structural applications, with a specific focus on assessing its compressive, 

tensile, and flexural strengths, as well as its abrasion resistance, permeability, and impact 

resistance. This study aims to determine the feasibility and cost-effectiveness of using 

UHPFRC in modern construction and infrastructure projects, considering both its immediate 

performance advantages and long-term sustainability benefits (Aya SA, 2016) [2]. 

Literature Review 

Studies by Sapountzakis EJ (2015) [3] highlight UHPFRC's exceptional compressive and 

tensile strengths, attributed to its dense matrix and fiber integration.  

Sayyad AS and Ghugal YM (2019) [4] emphasize its enhanced ductility, which allows it to 

absorb energy and withstand larger deformations without failing. 

Arikoglu A and Ozturk AG (2020) [5] discuss UHPFRC's applications in both structural and 

architectural contexts, highlighting its ability to be used in thin, complex forms without 

compromising strength. This versatility opens up new design possibilities in architecture and 

construction. 
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Procedure and Methodology 

Data Collection and Tabulation for Table 1 

Compressive Strength (MPa) 

 Test Method: ASTM C39 - Standard Test Method for 

Compressive Strength of Cylindrical Concrete 

Specimens. 

 

Procedure 

 For each concrete type (UHPFRC, Standard Concrete, 

Steel-Reinforced Concrete), cylindrical samples are 

prepared. 

 Each sample is subjected to a compressive force until 

failure. 

 The maximum load at failure is recorded. 

 

Data Collection 

 Calculate the compressive strength using the formula: 

Compressive Strength=Maximum Load at FailureCross

-sectional AreaCompressive Strength=Cross-

sectional AreaMaximum Load at Failure. 

 Record the compressive strength values for each 

material. 

 

Tensile Strength (MPa) 

 Test Method: ASTM C496 - Standard Test Method for 

Splitting Tensile Strength of Cylindrical Concrete 

Specimens. 

 

Procedure 

 Similar cylindrical samples are used for tensile testing. 

 Load is applied until the sample splits, indicating 

failure. 

 

Data Collection 

 The tensile strength is calculated based on the load at 

failure and the dimensions of the sample. 

 Record the tensile strength for each type of concrete. 

 

Flexural Strength (MPa) 

 Test Method: ASTM C78 - Standard Test Method for 

Flexural Strength of Concrete. 

 

Procedure 

 Prepare beam samples from each concrete type. 

 Perform a three-point bending test on each beam. 

 The load at which the beam fails (breaks) is noted. 

 

Data Collection 

 Calculate the flexural strength using the recorded load 

and the beam's dimensions. 

 Record the flexural strength values for each concrete 

type. 

 

Data Tabulation 

The results from these tests would then be compiled into 

"Table 1: Comparative Mechanical Properties," presenting 

the compressive, tensile, and flexural strength of UHPFRC, 

standard concrete, and steel-reinforced concrete. This data 

would provide a direct comparison of the mechanical 

performance of each concrete type under standardized 

testing conditions. 

Data Collection and Tabulation for Table 2 

Abrasion Resistance 

 Test Method: ASTM C944 - Standard Test Method for 

Abrasion Resistance of Concrete or Mortar Surfaces by 

the Rotating-Cutter Method. 

 

Procedure 

 Prepare concrete samples in a standardized size and 

shape for each type. 

 Subject each sample to an abrasion test using the 

rotating-cutter method. 

 Measure the depth or volume of material abraded from 

each sample. 

 

Data Collection 

 The abrasion resistance is quantified based on the 

amount of material lost to abrasion. 

 Higher values indicate better resistance to abrasion. 

 

Permeability 

 Test Method: ASTM C1202 - Standard Test Method 

for Electrical Indication of Concrete's Ability to Resist 

Chloride Ion Penetration. 

 

Procedure 

 Use similar-sized concrete samples for this test. 

 The samples are subjected to an electrical charge, and 

the flow of current is measured. 

 The test assesses the concrete's permeability by 

measuring its resistance to chloride ion penetration. 

 

Data Collection 

 Record the charge passed through each sample in 

coulombs. 

 Lower values indicate lower permeability and better 

resistance to chloride ion penetration. 

 

Impact Resistance 

 Test Method: ASTM D7136/D7136M - Standard Test 

Method for Measuring the Damage Resistance of a 

Fiber-Reinforced Polymer Matrix Composite to a Drop-

Weight Impact Event. 

 

Procedure 

 Prepare flat concrete slabs of each type. 

 Drop a weight from a specified height onto each slab 

and observe the impact. 

 Assess the damage in terms of cracks, delamination, or 

penetration. 

 

Data Collection 

 The impact resistance is evaluated based on the extent 

of damage from the impact. 

 A rating system can be used to quantify the impact 

resistance, with higher ratings indicating better 

resistance. 

 

Data Tabulation 

The results from these durability tests are compiled into 

"Table 2: Durability Comparison," showcasing how each 

concrete type fares in terms of abrasion resistance, 

permeability, and impact resistance. This comparative data 

provides insights into the long-term durability and 
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robustness of UHPFRC compared to standard and steel-

reinforced concrete under conditions that simulate real-

world environmental and usage stresses. 
 

Results and Discussion 

 

 
 

Fig 1: Ultra-High-Performance Fiber-Reinforced Concrete 

 
Table 1: Comparative Mechanical Properties 

 

Material Compressive Strength (MPa) Tensile Strength (MPa) Flexural Strength (MPa) 

UHPFRC 180 25 40 

Standard Concrete 40 3 5 

Steel Reinforced Concrete 60 5 10 

 
Table 2: Durability Comparison 

 

Material 
Abrasion Resistance 

(Higher is better) 

Permeability (Lower is 

better) 

Impact Resistance 

(Higher is better) 

UHPFRC 9 0.1 8 

Standard Concrete 3 0.5 2 

Steel Reinforced Concrete 6 0.3 5 

 

Comparative Mechanical Properties 

 The bar graph illustrates that UHPFRC significantly 

surpasses standard concrete and steel-reinforced 

concrete in compressive strength, tensile strength, and 

flexural strength. 

 This suggests UHPFRC's superior ability to withstand 

various types of loads, making it highly suitable for 

structurally demanding applications. 

 

Durability Comparison 

 In terms of durability, UHPFRC shows the highest 

abrasion resistance and impact resistance, and lowest 

permeability, as depicted in the graph. 

 This indicates a higher durability of UHPFRC against 

environmental wear and tear compared to the other 

materials. 

 

Conclusion 

The study conclusively demonstrates that Ultra-High-

Performance Fiber-Reinforced Concrete significantly 

outperforms both Standard Concrete and Steel-Reinforced 

Concrete in key areas of mechanical strength and durability. 

Its remarkable compressive, tensile, and flexural strengths 

make it an excellent choice for structurally demanding and 

complex applications. Furthermore, its superior performance 

in abrasion resistance, permeability, and impact resistance 

underscores its durability, making it a highly suitable 

material for long-term applications in challenging 

environments. 

The findings from this study suggest that UHPFRC, despite 

potentially higher initial costs, offers substantial long-term 

benefits, making it a cost-effective and sustainable choice 

for a wide range of structural engineering applications. Its 

adoption could lead to more durable, longer-lasting, and 

resilient structures, aligning with modern engineering goals 

of sustainability and performance. 
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