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Abstract - This study carefully compares Prestressed 
Concrete (PSC) and Ultra-High-Performance Concrete (UHPC) 
girders for a 30-meter simply supported span. The main goal is 
to assess how each material affects the size requirements and 
the related costs under typical bridge loading conditions. This 
evaluation provides a solid base for engineering professionals, 
giving them useful data to guide important design choices. The 
research looks at the trade-offs of each material option, 
offering practical advice for choosing the best one. By 
matching a project's specific size and budget needs with the 
insights given, this study aims to help with making smart 
material choices for bridge superstructure design. 
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1.INTRODUCTION 

Bridge infrastructure is fundamental to transportation 
networks, requiring designs that balance safety, economy, 
and durability. This study presents a comparative analysis 
between two distinct material technologies for a standard 
30-meter simply supported I-girder: conventional 
Prestressed Concrete (PSC) and innovative Ultra-High-
Performance Concrete (UHPC). PSC is a proven workhorse, 
valued for its reliability and cost-effectiveness in achieving 
long spans through pre-compression. Conversely, UHPC 
offers exceptional strength and durability, enabling more 
slender, lightweight designs with potentially enhanced 
longevity. This research evaluates both systems under 
identical loading conditions, focusing on critical performance 
metrics including flexural and shear capacity, serviceability 
deflection, crack resistance, and material efficiency. The 
objective is to provide a clear, practical comparison of their 
structural behavior, moving beyond theoretical advantages 
to assess tangible trade-offs. Ultimately, this work aims to 
deliver actionable insights for engineers, supporting 
informed material selection in pursuit of more efficient and 
sustainable structural solutions. 

1.1 Objectives 

The core objective of the research is to conduct a comparative 
structural assessment of Prestressed Concrete (PSC) and 
Ultra-High-Performance Concrete (UHPC) girders for a 30-
meter simply supported span. This analysis focuses on 
evaluating the influence of each material on dimensional 

requirements and cost implications under standard bridge 
loading conditions. The aim is to provide a valuable 
framework for engineers to make informed design decisions 
by aligning project-specific geometric and budgetary needs 
with detailed technical and economic insights. 

2. LITERATURE REVIEW 

1.Syed Sofiya et al. (2023) This study uses STAAD.Pro to 
compare RCC and PSC T-beam girders for a 50m bridge. 
Results show the PSC girder is superior, with significant 
reductions in bending moment (32.91%), shear force 
(18.18%), and deflection (13.22%). 

2.Yang Hang (2022) This review analyzes the interface 
between UHPC and normal concrete (NC). It finds the UHPC-
NC bond has excellent mechanical and durability properties, 
far exceeding NC-NC interfaces, due to UHPC's fibers and 
treatment. 

3.Prashansha Sanjay Jaiswal et al. (2021) A manual design 
study for a 30m span shows PSC girders require drastically 
less material than RCC: 167.67% less steel and 46.52% less 
concrete, proving its economic and structural efficiency. 

4.Govind H. Dake et al. (2021) This paper explores using 
granite dust to improve concrete properties. Adding granite 
dust increases strength, reduces porosity and water 
absorption, and enhances the overall density and durability 
of the concrete. 

5.Sharma Debraj et al. (2021) This practical paper details 
the construction of precast PSC I-girders, covering mix 
design, cable profiling, and post-tensioning procedures as per 
Indian codes, providing valuable on-site implementation 
data. 

6.Murugan M et al. (2020) This review highlights UHPC's 
exceptional strength (>150 MPa) and durability but notes its 
high cost in India. It concludes that despite the initial 
expense, UHPC offers long-term benefits from a longer 
lifespan and reduced maintenance. 

7.Rahul Gangwar et al. (2020) A STAAD.Pro analysis across 
spans (20m-30m) finds PSC girders are more economical for 
spans over 25m, offering a 17% cost saving at that length, 
while RCC is suitable for shorter spans. 
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Rohan Rajendra Bagade et al. (2020) This review paper 
synthesizes findings from multiple studies, concluding that 
PSC girders are recommended for spans greater than 25m 
due to better performance and economy, while RCC is fit for 
shorter spans. 

Rajani A et al. (2019) A code-based design comparison for a 
10m beam shows PSC sections require 82.7% less main 
reinforcement and have a shallower depth than RCC, 
demonstrating superior sectional efficiency. 

Ayush Tiwari & Dr. Sudhir S. Bhadouria (2017) A cost 
analysis using PWD rates finds PSC girders are more 
economical than RCC for spans from 30-40m, with savings 
increasing with span length (up to ~₹49 lakh at 40m). 

3. METHODOLOGY 

This study presents a comparative structural assessment of 
Prestressed Concrete (PSC) and Ultra-High-Performance 
Concrete (UHPC) I-girders, modeled as simply supported 
elements, for modern bridge superstructures. 

3.1 Span and Girder Geometry 

The analysis focuses on a span of 30 m, with both PSC and 
UHPC girders designed as simply supported beams. The 
cross-sectional dimensions were iteratively optimized to 
satisfy structural requirements, including bending and shear 
resistance, deflection and cracking limits, and material 
efficiency through reduced self-weight. Initial girder depths 
were selected based on standard codal provisions (L/18 for 
PSC and L/25 for UHPC) and revised during the design 
process. 

3.2 Design Philosophy and Standards 

Both girders were designed following the Limit State Design 
approach, ensuring adequate safety at the Ultimate Limit 
State (ULS) and satisfactory service performance at the 
Serviceability Limit State (SLS). 

 PSC girder design: IS 1343:2012 and IRC:112-2020 
 UHPC girder design: fib Model Code 2010 
 Load combinations: IRC 6:2017 
 Wind loads: IS 875 (Part 3) 
 Seismic loads: IS 1893 (Part 1)  

3.3 Material Properties  

The design used conservative values for UHPC to ensure 
reliability: 

PSC Girder (M60 Concrete): 

Concrete: fck = 60 MPa, density = 25 kN/m³, Ec = 30 GPa 

Prestressing steel: 15.2 mm strands, fpu = 1,862 MPa, Ep = 
195 GPa 

Reinforcement: Fe500, fy = 500 MPa, Es = 200 GPa 

UHPC Girder: The UHPC girder is designed using M170 
grade concrete reinforced with 2% steel fibres by volume. 
Material properties are adopted from Yang (2022) [2]. The 
key characteristics are as follows: 

Concrete: Characteristic compressive strength (fck) = 
170 MPa, tensile strength (fct) = 8 MPa, density = 25 kN/m³, 
Modulus of Elasticity (Ec) = 50 GPa. 

Steel Fibres: 2% by volume, providing a flexural strength of 
approximately 30 MPa and rupture energy of ~20 kJ/m². The 
concrete is self-compacting and highly flowable. 

Reinforcement: Fe500 grade steel, yield strength (fy) = 
500 MPa, Modulus of Elasticity (Es) = 200 GPa. 

No prestressing applied. 

3.3 Load Calculations and Combinations 

Design loads were applied in accordance with IRC 6:2017, 
comprising dead load (DL), superimposed dead load (SIDL), 
live load (LL), wind load (WL), and seismic load (SL). The 
self-weight and SIDL were computed based on the girder and 
deck geometry, while live loads were considered as per IRC 
Class A. Wind and seismic effects were evaluated in both 
transverse and longitudinal directions, accounting for 
equivalent uniformly distributed loads (UDLs) and uplift 
forces. 

4. RESULT & DISCUSSION 

Table -1 shows the result of the analysis done. 

Table -1: Comparative Results 

Comparative: PSC vs. UHPC I-Girder 

Parameter PSC 
Girder 

UHPC 
Girder 

Remarks 

Material 
Properties 

   

Compressive 
Strength 

60 MPa 170 MPa 
UHPC has 
≈183% higher 
strength 

Tensile 
Strength 

4.7 MPa 

8 MPa 
(matrix) + 
fiber 
bridging 

UHPC offers 
superior crack 
resistance 

Modulus of 
Elasticity 

35 GPa 50 GPa UHPC is stiffer 

Girder 
Dimensions 

   

Depth 1.8 m 1.2 m 
UHPC is 34% 
shallower 
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Cross-
Sectional 
Area 

0.778 m² 0.497 m² 
UHPC uses 36% 
less concrete 

Self-Weight 
19.45 
kN/m 

12.425 
kN/m 

UHPC is 36% 
lighter 

Loads    

ULS Moment 
(Non-
Seismic) 

10,710 
kNm 

9,703 kNm 
UHPC has lower 
moment due to 
less self-weight 

Ultimate 
Moment 
Capacity 

13,480 
kNm 

9,700 kNm 
PSC has higher 
capacity due to 
prestressing 

Crack 
Control 

Prestress
-
dependen
t 

Fiber-
controlled 
(≤0.05 mm) 

UHPC offers 
better crack 
control 

Cost (Per 
Girder) 

₹ 
4,75,295 

₹ 18,07,590 
UHPC is ≈3.8× 
more expensive 
initially 

Cost Per 
Meter 

₹ 15,843 ₹ 60,253   

Life-Cycle 
Cost 

Higher 
(mainten
ance) 

Lower 
(minimal 
maintenanc
e) 

UHPC is more 
economical 
long-term 

 

 

Graph -1: Comparative Graph showing Self-weight of 
Girder 

UHPC’s smaller cross-section (0.497 m² vs PSC’s 0.778 m²) 
reduces its self-weight by ~36%. 

This has a big advantage for bridge supports and foundations 
since lower dead load reduces pier and footing sizes, and this 
can significantly reduce the Cost of the overall bridge. 

 

 

Graph -2: Comparative Graph showing Ultimate moment 
capacity. 

 

Graph -3: Comparative Graph showing SLS Stress  

UHPC’s fibers control crack width (≤0.05 mm), giving 
excellent service performance even at high steel stresses 

3. CONCLUSIONS 

Weight and Size: UHPC girders are significantly lighter and 
more slender, with up to a 36% reduction in self-weight and 
a 33% reduction in depth compared to PSC girders. 

Structural Efficiency: While the specific UHPC design in this 
study had a lower ultimate capacity due to the absence of 
prestressing, its material properties suggest potential for 
higher efficiency when fully optimized. 

Durability: UHPC has a denser microstructure and superior 
crack resistance, giving it a service life of over 100 years. PSC 
girders are prone to long-term issues like creep and 
shrinkage, often requiring rehabilitation within 40-60 years. 

Cost: PSC is 75% cheaper in initial construction costs for 
conventional spans. However, UHPC offers significant life-
cycle cost savings due to minimal maintenance and repair 
needs. 
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