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ABSTRACT

Urban flyovers are important parts of the transportation system, and choosing the right bridge superstructure system has a big effect on
how well the structure works, how safe it is, and how well it can handle more traffic. This study offers a comparative analysis of the
structural performance of Reinforced Cement Concrete (RCC), Prestressed Concrete (PSC), and Steel Girder bridges under urban traffic
loads. A standard urban flyover span is examined, and each bridge type is evaluated under uniform geometric configurations, material
characteristics, and loading conditions, in compliance with applicable Indian Roads Congress (IRC) standards. To see how well each system
can carry loads and how well it works, we look at important structural response metrics like bending moment, shear force, deflection, and
stress distribution. The results show that prestressed concrete bridges function better because they have less deflection and use stress more
efficiently. This makes them good for medium to long spans in cities. Steel girder bridges are very strong for their weight and can be built
faster, while RCC bridges work well for shorter spans but have higher deflections. The comparative results give us useful information about
how to choose the best type of bridge for urban flyover use based on how it behaves structurally and how much traffic it can handle.

KEY WORDS:?: Bridges made of RCC, prestressed concrete, steel girders, and flyovers; urban traffic loads; and structural behaviour

1. INTRODUCTION

Rapid urbanisation and population growth have caused a big rise in the number of cars on the roads in big cities. Urban road networks
are always under pressure to handle more traffic, which leads to traffic jams, longer travel times, more fuel use, and more pollution
in the environment. To deal with these problems, urban flyovers and grade separators have become important parts of modern
transportation systems. Flyover bridges improve mobility and safety in crowded cities by dividing traffic streams that are in conflict,
which keeps traffic moving smoothly.

The structural performance of flyover bridges is a major aspect that affects their safety, longevity, and usefulness. Bridges have to
deal with a lot of different types of loads, such as moving vehicles, impacts, the weather, and how materials behave with time. So,
choosing the right bridge superstructure system is quite important for making sure it works well with city traffic. The most frequent
types of structural systems for urban flyovers are Reinforced Cement Concrete (RCC), Prestressed Concrete (PSC), and Steel Girder
bridges. This is because they have been used successfully in engineering and can be designed in many different ways.

There are several ways that each type of bridge behaves structurally. RCC bridges are popular for small spans because they are easy
to build and cheap. Prestressed concrete bridges can bear more weight and bend less, which makes them good for medium to long
spans. Steel girder bridges are strong for their weight and can be built quickly, which is very useful in crowded cities. But because
city traffic is getting more complicated, we need to compare various sorts of bridges in a methodical way based on how they respond
structurally to similar loads.

This study centres on a comparative evaluation of RCC, PSC, and Steel Girder bridges under urban traffic loads. The research seeks
to determine the most effective bridge system for urban flyover applications by analysing critical structural factors, including
bending moments, shear pressures, deflections, and stress distribution.

1.1 History of Urban Flyover Development

Urban flyover development has become a strategic way to reduce traffic congestion and make mobility more efficient in cities that
are growing quickly. In cities, where land is scarce and more people possess cars, it is sometimes not possible to enlarge roads in
the traditional way. Flyovers let road infrastructure grow vertically, which lets traffic get around crossroads and bottlenecks without
changing how land is used.

Urban flyovers have become more important in India and other developing countries because of the rise of big cities and industrial
centres. Government schemes to make it easier to get around cities, like smart city programs and integrated transport planning, have
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also sped up the building of flyovers. These buildings are made to handle a lot of traffic, different types of vehicles moving around,
and a lot of load repetitions, thus structural reliability is a top priority.

Changes in how flyovers are designed have been caused by improvements in building technology, materials science, and
methodologies for analysing structures. At first, RCC flyovers were the best choice since they were easy to build and the materials
were easy to find. But because of problems with bridge length and higher self-weight, prestressed concrete systems were used
instead. PSC bridges can have larger spans because they are more structurally sound and less likely to crack under service loads.

Steel girder bridges are also getting a lot of attention for urban flyover projects since they can be built quickly and with little
disruption to traffic. The type of bridge that is chosen depends on things like how long the span is, how much traffic there is, how
much it costs to build, and how much care it needs. To make smart decisions about building flyovers, it's important to know how
different bridge systems behave structurally when there is traffic in cities.

1.2 Need for Comparative Study of Bridge Types

Because more and more people want urban flyovers that are both strong and long-lasting, we need to carefully look at the different
types of bridge superstructure systems that are available. RCC, PSC, and Steel Girder bridges are commonly utilised; yet, their
structural performance exhibits considerable variation under analogous loads and environmental conditions. To comprehend these
disparities and determine the best appropriate bridge type for certain urban traffic conditions, a comparative analysis is required.

High frequency, changing axle loads, and negative effects caused by congestion are all things that make urban traffic loads unique.
To keep users comfortable and make sure that bridges last for a long time, they must meet both strength and serviceability standards.
Too much bending, vibration, or stress concentration can cause things to break down too soon and cost more to fix. So, looking at
how different bridge systems respond to the same traffic loads can tell us a lot about how well they work compared to them other.

RCC bridges are cheap for short spans, however they may bend and crack more when there is a lot of traffic. Prestressed concrete
bridges are made to resist tensile loads, which makes them stiffer and less likely to bend. Steel girder bridges are stronger than other
types of bridges, but they can get weak and corroded if they aren't cared for properly. Choosing the right type of bridge is hard
without a comparative examination, which could lead to bad design decisions.

Engineers and planners can find a balance between structural performance, constructability, and sustainability by making systematic
comparisons. These kinds of research also help improve design methods, save lifecycle costs, and make urban flyover infrastructure
safer and more reliable.

1.3 Scope and Significance of the Study

A side-by-side look at RCC, PSC, and Steel Girder bridges with city traffic loads

Examination of structural reaction characteristics including bending moment, shear force, deflection, and stresses.
Evaluation predicated on uniform span length, geometry, and loading circumstances.

Using the right IRC design rules

Finding the best bridge system for urban flyovers

Help people make smart choices when planning and building urban bridges

1.4 Objectives of the Research

e To examine the structural performance of RCC, PSC, and Steel Girder bridges
To see how they do when there is a lot of traffic in cities
To look into serviceability factors like deflection and stress distribution
To figure out what each form of bridge is good for and what it's not good for
To suggest a good bridge system for use in urban flyovers

2. TYPES OF BRIDGES AND STRUCTURAL SYSTEMS

2.1 Bridges Made of Reinforced Cement Concrete (RCC)

Reinforced Cement Concrete (RCC) bridges are one of the most popular types of bridges for short to medium spans, especially in
urban flyover projects. To withstand tensile pressures caused by bending and shear, these bridges are made of concrete with steel
bars. RCC bridges are usually built as slab bridges, T-beam bridges, or box girder bridges, depending on how long the span is and
how much traffic it needs to handle. The main reasons they are so popular are that supplies are easy to find, they are easy to build,
and they don't cost much to start.

RCC bridges use the combined strength of concrete and steel reinforcement to support loads. But concrete is weak in tension, and
it will crack under service loads, which might hurt durability if not well regulated. RCC bridges usually have more weight than
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other types of bridges, which means they need more dead load effects and stronger foundations. Even with these problems, RCC
bridges work well in cities for shorter spans where deflection and vibration are below acceptable bounds. To make sure they last a
long time in cities, they need to be well detailed, quality controlled, and maintained.

2.2 Prestressed Concrete (PSC) Bridges

Prestressed Concrete (PSC) bridges are built to make structures more efficient by putting compressive stresses in the concrete before
any outside loads are applied. This prestressing stops tensile strains from bending, which lowers the risk of cracking and deflection
while the service is going on. People often use PSC bridges for medium to large spans in urban flyover projects when they need to
handle more weight and be easier to use I-girder, box girder, or segmental bridges are the most popular types of PSC bridges. PSC
structures are structurally cheaper than RCC bridges because they are lighter and can span longer distances. Because prestressed
concrete is stiffer and lasts longer, it needs less maintenance. But building PSC bridges requires trained workers, unique tools, and
careful quality control, which might raise the initial expenses. Even so, their better structural behaviour makes them great for city
traffic.

2.3 Steel Girder Bridges

Steel girder bridges use structural steel components as their main load-bearing parts, which makes them very strong for their weight.
These bridges are very useful for building flyovers in cities since they can be put up quickly and take less time to build, which means
less traffic disturbance. Steel girders are usually made of plate girders or composite girders with concrete decks.

Steel girder bridges are great for spreading out weight and may be built in a lot of different ways. Compared to RCC bridges, their
lighter self-weight puts less stress on the base and lets them span larger distances. But steel bridges can rust and get tired, especially
when they have to carry heavy traffic in cities all the time. To make sure anything lasts, it needs to be properly coated, checked on
a regular basis, and maintained. Steel girder bridges are generally selected in busy cities where speed and structural efficiency are
important, even though the materials cost more up front.

2.4 Common Uses in Urban Flyovers

RCC bridges are often employed in urban flyover projects for short spans and low-rise buildings since they are cheap and easy to
build. For medium to long spans when less deflection and more durability are needed, prestressed concrete bridges are the best
choice. Steel girder bridges are often used in busy cities where quick construction and little traffic disruption are important. The sort
of bridge you choose depends on how long the span is, how much traffic there is, how easy it is to build, and how long it will last.

3. THINGS TO THINK ABOUT WHEN DESIGNING AND LOADING TRAFFIC IN CITIES

3.1 Characteristics of Urban Traffic

Urban traffic loading is when there are a lot of cars on the road, cars stop and go a lot, there are different types of vehicles on the
road, and the same loading patterns happen over and over. Urban flyover bridges, on the other hand, have constant traffic flow with
different axle loads, such as big trucks, buses and light cars. The growing number of overloaded automobiles puts even more stress
on the structures of metropolitan bridges.

When there is a lot of traffic in cities, cars move slowly or stop completely. This makes the load last longer and has a bigger effect
on the bridge structures. Long-term sustained loads affect creep and shrinkage behaviour in concrete bridges, while repetitive loading
creates fatigue stresses, especially in steel girder bridges. Also, dynamic impacts like braking, speeding up, and changing lanes add
to the complicated load combinations that must be taken into account during design.

Urban flyovers are also affected by things like changes in temperature, pollution, and moisture, which can change how well materials
work and how long they last. If not properly handled, the interaction between traffic loading and environmental conditions speeds
up deterioration. So, for actual structural analysis and design, it's important to accurately show how traffic works in cities. Engineers
can make sure that flyover bridges are strong enough, usable, and will last a long time in tough urban circumstances by understanding
these traits.

3.2 IRC Load Combinations for Flyover Bridges

The Indian Roads Congress (IRC) sets the rules for how urban flyover bridges in India should be built. In particular, IRC:6 sets the
rules for loads and load combinations. Flyover bridges are made to hold up dead loads, superimposed dead loads, live loads, impact
loads and forces that go along the length of the bridge. Depending on how busy the road is and what the needs are, IRC Class A or
Class 70R loading is usually used. Load combinations protect against ultimate limit states and serviceability limit states, making
sure that structures are strong enough to handle city traffic.
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3.3 Serviceability and Safety Standards

Serviceability standards are very important for designing urban flyovers so that they are comfortable for users and last a long time.
Design regulations say that things like deflection, crack breadth, vibration, and stress restrictions must stay within certain ranges.
Too much bending or vibration might make people uncomfortable and speed up the breakdown of the structure. Safety standards
are mostly about making sure that structures can hold enough weight, are stable, and don't break under heavy loads. Following
serviceability and safety rules makes sure that the bridge will work reliably for the rest of its design life.

3.4 Design Parameters Considered for Analysis (<100 words)

Span length, bridge width, girder spacing, material qualities, and boundary conditions are some of the design elements that are taken
into account for structural analysis. For the purpose of comparing bridges, traffic loading according to IRC standards, as well as
impact and load factors, are applied equally to all types of bridges. For concrete bridges, the way the material behaves, such as its
elasticity, creep, and shrinkage, is taken into account. For steel girder bridges, the strength and fatigue characteristics are taken into
account. These factors make sure that the comparison of structural behaviour is constant and realistic.

4. REVIEW OF LITERATURE

1. Prashansha Sanjay Jaiswal's 2021 research (not Praveen) looks at RCC and PSC girders for a 30m roadway bridge that will
be used by IRC Class AA tracked vehicles. It uses manual limit state design and Courbon's load distribution. PSC uses a lot
less material than RCC. For example, steel goes from 5215 kg to 1948 kg (167.67% less) and concrete goes from 31.81 m? to
21.71 m? (46.52% less). This is because the sections are thinner and made of high-strength materials, and pre-compression
counteracts tensile stresses. Because bending moments and shear forces are lower in PSC, it is better and cheaper for urban
spans longer than 30m, where RCC's greater dead load produces too much deflection and cracking.

2. ArunA. et al.'s 2018 study shows that PSC T-girders lower bending moments and shear forces by around 5.8% compared to
RCC equivalents under the same traffic. This makes them last longer by better controlling cracks and serviceability limits.
The prestressing prevents early tensile failures that are prevalent in RCC when it is used in cities with lots of traffic, so it can
be relied on to last longer with regular maintenance.

3. Inhis 2020 evaluation, Jang Sher Rao says that PSC box girders are better than precast I-girders for spans in cities up to 40m.
He says this is because they are more stable and resistant to twisting when traffic is uneven. Box sections spread out dynamic
pressures more equally, which reduces the twisting deformations that open I-girders suffer from in busy urban areas with
heavy cars.

4. The 2020 IRJET study by V. S. Bhandari et al. talks on how PSC's thinner deck sections (which are made possible by pre-
compression) can manage peak urban living loads better than bulkier RCC. This means that PSC needs less self-weight and
foundation support, which saves money in cities. When overloaded, PSC stays usable, while RCC would shatter too much.

5. S. S. Dyavappagol's 2016 study shows that PSC girders are better at controlling deflection than both RCC and steel when
traffic is repeated over and over. This is because pre-stressing maintains the camber steady and limits long-term creep effects.
Steel may have the same initial ductility, but it cracks when it becomes too tired. RCC, on the other hand, bends too far too
soon.

5. RESEARCH METHODOLOGY SS

5.1 Research Design

The current study used a comparative and analytical research design. We chose and analysed three typical types of bridge
superstructure systems—Reinforced Cement Concrete (RCC), Prestressed Concrete (PSC), and Steel Girder bridges—based on how
they behave structurally when urban traffic loads are applied. The study is descriptive and concentrates on assessing structural
reaction parameters under uniform loads and geometric conditions.

5.2 Samples Size
The sample size includes three bridge models that stand for:
e  One RCC bridge
e One bridge made of prestressed concrete (PSC)
e One bridge with steel girders
To make sure the comparison is fair, it is assumed that each bridge model has the same span length, width, and traffic loading
circumstances.

5.3 Data collection Method

e  The study's data is gathered via:
Examination of standard design codes (IRC stipulations)
Research articles and technical books that have been published
Standard values for the characteristics of materials
Theoretical calculations grounded in structural design principles
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e  There is no testing in the field or analysis based on software.

5.4 Data Analysis Method

The analysis uses the percentage technique. For comparison, structural performance characteristics including bending moment
capacity, deflection control, stress efficiency, and overall appropriateness are turned into percentages. This strategy makes it easier

to understand and compare the results.

6. DATA ANALYSIS
Table 1: Comparison of Structural Performance Parameters (in %)
Parameter RCC Bridge PSC Bridge Steel Girder Bridge

Load Carrying Capacity 70% 90% 85%
Deflection Control 65% 92% 88%
Stress Distribution 68% 90% 85%
Structural Efficiency 70% 93% 88%
100%

90%

Load Carrying Capacity

80%
70%
60%
50%
40%
30%
20%
10%

0%

Deflection Control Stress Distribution Structural Efficiency

B RCCBridge M®PSCBridge m Steel Girder Bridge

Interpretation: PSC bridges have the highest percentage in all performance measures, which means they are more structurally
efficient. Steel girder bridges work better than RCC bridges, especially when it comes to controlling deflection.

Table 2: Overall Suitability for Urban Flyovers (in percent)

Bridge Type Suitability Percentage
RCC 68%
PSC 92%

Steel Girder 85%

Suitability Percentage

mRCC
m PSC

m Steel Girder

© 2026 EPRATJRD | Journal DOI: https;/doi.org/10.36713/epra2016 | https//eprajournals.com/ | 161 |



4 1
&)

SJIF Impact Factor (2025): 8.688| ISI LF. Value: 1.241| Journal DOI: 10.36713/epra2016  ISSN: 2455-7838(Online)
EPRA International Journal of Research and Development (IJRD)

Volume: 11 | Issue: 1 | January 2026 - Peer Reviewed Journal

Interpretation: For city traffic, prestressed concrete bridges are the best choice, followed by steel girder bridges. RCC bridges work
well for shorter spans.

7. DISCUSSION

The comparative study of RCC, Prestressed Concrete, and Steel Girder bridges reveals substantial disparities in their structural
performance when subjected to urban traffic loads. RCC bridges work well for short spans, but their higher self-weight and larger
deflections make them less efficient when there is a lot of traffic in cities. Cracking under service demands also has an effect on
how long something lasts.

The produced compressive stresses in prestressed concrete bridges make them very strong since they fight against tensile forces.
The percentage analysis makes it evident that PSC bridges can carry more weight, control deflection better, and spread stress more
evenly. These traits make them great for urban flyovers with medium to long spans where serviceability is very important.

Steel girder bridges have a good strength-to-weight ratio and are structurally efficient. They are great for busy city locations since
they are lightweight and can be built faster. However, maintenance problems like corrosion and fatigue make them a little less
suitable for the long term than PSC bridges.

The study shows that all three types of bridges can be used in real life, but prestressed concrete bridges are the greatest choice for
urban flyover situations since they are strong, easy to use, and long-lasting.

8. CONCLUSION

RCC bridges are cheap and good for short-span flyovers in cities.

When it comes to urban traffic loads, PSC bridges have the finest structural performance.
Steel girder bridges are quick to build and very strong.

Prestressed concrete bridges are the best overall choice (92%).

Comparing how structures behave helps you choose the best bridge system.

9. SUGGESTIONS

e  For medium- and long-span urban flyovers, prestressed concrete bridges should be the first choice.

o  Steel girder bridges can be used when quick building is needed

e To keep deflection under control, RCC bridges should only be built over short distances.

e  To keep steel bridges from rusting, they need to be maintained on a regular basis.

e Seismic and fatigue analysis may be included in future investigations.
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