© 2025 JETIR March 2025, Volume 12, Issue 3 www.jetir.org (ISSN-2349-5162)

JETIR.ORG
serir y JOURNAL OF EMERGING TECHNOLOGIES AND

&“L ) N

INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

Girder- Types and its application in Road
Construction

'Er. Sushant Gagal, 2Er. Pallvi Verma, *Er. Sourav Gupta, “Er. Vishavjeet Singh, °Er. Sandeep Raj

12343 Lecturer, University Institute of Engineering and Technology, Kathua, University of Jammu.

ABSTRACT: Girders are essential structural elements in road construction, playing a crucial role in supporting and
distributing loads, particularly in bridges, overpasses, and other elevated roadway structures. This paper explores
the different types of girders, including concrete, steel, and composite girders, focusing on their design, material
properties, and applications in road infrastructure projects. The study highlights the versatility of girders in various
road construction scenarios, emphasizing their importance in enhancing safety, durability, and efficiency.
Furthermore, the paper examines innovative advancements in girder technology, such as the use of pre-stressed
concrete and lightweight materials, which contribute to reducing construction time and costs while improving the
overall performance of road networks. Additionally, the challenges faced during girder installation and maintenance,
such as load distribution, environmental factors, and material degradation, are also discussed. Finally, the paper
presents case studies showcasing successful applications of girders in major road construction projects,
demonstrating their significance in modern transportation infrastructure. The findings underline the continuing

importance of girder technology in shaping the future of road construction.
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INTRODUCTION

A girder is a large, horizontal structural member in construction, designed to support loads and transfer them to
vertical supports like columns or piers. Girders are commonly used in bridges, buildings, and other structures to bear
the weight of beams, floors, or decks. The design of the girder depends on many factors such as life cycle cost,
fabrication and shipping limitations, traffic and construction conditions, maintenance access, advantages and
disadvantages and various site constraints. The process starts with careful planning, choosing the appropriate type
and design, and concludes with the actual construction, followed by inspection and ongoing preservation. The

various types of Girders we will study are Box Girders, Pre-Stressed Girders, [-Girders and T-Girders.
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TYPES OF GIRDERS

A. Box girder:

A box girder is a type of bridge girder that has a hollow, rectangular (or sometimes trapezoidal) cross-
sectional shape. This design helps distribute loads more efficiently, providing both structural strength and
rigidity. Box girders are commonly used in large bridges, overpasses, and viaducts, especially in locations
where the bridge must handle significant loads while maintaining a slim profile.

Box girders are typically made of reinforced concrete, steel, or composite materials. Their strength and
lightweight design allow for the efficient transfer of applied forces, making them a preferred option for
modern infrastructure projects. The Analysis and design of box girders are complex because of the three-
dimensional torsion, distortion, and bending behaviors in longitudinal and transverse directions.

Zhang G, Kodur V, Xie J, He S, and Hou W have found that box girder bridges present several
disadvantages, such as low mechanical resistance to fire. After all, they have low heat specifications, high
thermal conductivity, which leads to low resistance to high temperatures for steel, and complicated seismic
simulations because the bridges or flyover’s design is very complex. Because of these disadvantages, most

of the time, the reliability calculation leads to uncertainty.
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Figure 1: Box Girder

B. T-Girder:

A T-girder is called a T-girder because its cross-section resembles a T Shape. The top part of the T is wide
and provides strength, while the vertical part is narrow and carries most loads. The top part of the "T" is
called the flange, which acts as the compression zone, and the vertical part of the "T" is the web, which serves
as the shear and bending resistance component. This configuration allows T-girders to efficiently carry both

bending and shear forces while maintaining a relatively simple and cost-effective structure.
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T-girders are often used in bridge construction, particularly in highway or railway bridges, where they
provide strength and stability with reduced material usage compared to solid girders.

T-girders can be made of reinforced concrete, pre-stressed concrete, or steel, depending on the specific
requirements of the structure and the span length.

Over time, T-Girders, like all concrete structures, can be prone to various forms of damage. Factors such as
weathering, corrosion, and fatigue can affect the long-term durability of T-Girders, especially in harsh
environmental conditions. While T-Girders are designed for structural efficiency, understanding and

addressing the potential for damage is crucial for maintaining their integrity and performance.

Figure 2: T-Girder

C. I-Girder:

An [-girder is a type of structural beam that has a cross-sectional shape resembling the letter "I." This shape
consists of a horizontal flange at the top and bottom, with a vertical web connecting them.

The I-girder is widely used in bridge construction, buildings, and other infrastructure projects because its
shape is efficient in carrying bending loads while minimizing material usage. It is typically made from steel
or reinforced concrete, depending on the specific design and load requirements.

The I-girder design is particularly advantageous for long spans, as it offers high strength and stability while
using less material compared to solid beams. The flange’s wide surface area helps to resist bending moments,
while the web offers strength against shear stresses, making it an ideal choice for supporting heavy loads.
Steel I-Girders are susceptible to corrosion in environments with high moisture, salt exposure, or extreme
weather conditions. Corrosion of the steel reinforcement or flanges can reduce the structural strength of the

girder, leading to the need for maintenance or replacement.
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[-Girders are readily available in standardized shapes and sizes, which simplifies fabrication and design.
Steel [-Girders, in particular, can be prefabricated, reducing construction time and labour costs on-site.

The industrial appearance of [-Girders can sometimes be seen as a drawback in projects that require a more
aesthetic or visually appealing design. In architectural structures, alternatives like box girders or arch designs

might be preferred for their smoother lines and more integrated appearance.

Figure 3: I-Girder

D. Pre-Stressed Girders:

A pre-stressed girder is a type of structural beam in which internal stresses are deliberately introduced to
counteract the tensile stresses that occur when the girder is loaded.
The process of pre-stressing involves applying a compressive force to the girder before it is subjected to any
external loads. This is typically achieved by tensioning high-strength steel cables or tendons within the girder,
either before (pre-tensioning) or after (post-tensioning) the concrete has been cast. The pre-stressed design
enhances the girder's ability to resist bending and shear forces, allowing it to carry larger loads over longer
spans with reduced material usage compared to conventional reinforced concrete girders.

Pre-stressed girders are commonly used in bridges, parking structures, and other large infrastructure projects
where strength, durability, and long-span capabilities are crucial. pre-stressed girders can handle larger loads,
they require less material than non-prestressed.

The initial cost of pre-stressed girders is higher than conventional concrete girders due to the specialized
materials (such as pre-stressing tendons) and the additional equipment needed for pre-stressing. The process

requires precise control, which adds to the cost.
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e Pre-stressed concrete structures are more resistant to cracking and corrosion. This makes them ideal for use
in harsh environments, such as in bridges exposed to moisture, salts, and other corrosive agents. The

complexity in construction may lead to delays, and any errors in the pre-stressing process can compromise

the quality of the girder.

Multi-strand system
with smart strand and
steel strands

Multi-strand system
with steel strands only

Figure 4 : Pre-Stressed Girders

COMPARISON
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FEATURES T-GIRDER

Shape

Cross-section resembles
T Section.

I-GIRDER

Cross-section resembles an
"I" shape.

BOX GIRDER

Hollow box like cross
section.

PRE-STRESSED GIRDER

Can have T,I or box shape
with prestress.

Construction

Simple to construct

Prefabricate or caste-in-
place

Complex, require more
frame work

Require specialized
methods for prestressing

Material Useless material Efficient material usage for | Uses more material due Material is used efficiently
usage bending to hollow section due to prestressing
Durability Moderate, prone to Durable; commonly used in | Very durable and Highly durable, with
cracking zone. infrastructure resistant to torsion. reduced cracking and
deflection.
Weight Relatively lighter than | Lighter than T- girder but | Heavier due to closed Can be lighter than non-
box girders varies by design. section. prestressed girders for
similar spans.
Structural Moderate bending High bending resistance. Excellent bending and High load capacity due to
Efficiency resistance. torsional resistance. prestressing.
Applications | Suitable for shorter Common in bridges, Preferred for longer Used for heavy loads and

spans, commaon in
beams. Common in
beams.

girders for medium spans.

spans and curved
bridges.

long spans in madern
bridges.

Conclusion

The literature review highlights the various aspects of different types of girders used in construction, focusing on
Box Girders, T-Girders, [-Girders, and Pre-Stressed Girders. Each type has distinct advantages and challenges. Box
Girders are favored for their torsional stiffness and large load-bearing capacity, though they can be prone to
disadvantages like low fire resistance and complex seismic behavior. T-Girders are cost-effective due to their
efficient design, offering high resistance to bending with reduced material usage. However, they can face issues
related to weathering, corrosion, and long-term durability. [-Girders are strong, lightweight, and efficient for long
spans, but they are susceptible to corrosion and may face buckling if the web is poorly designed. Pre-stressed girders
provide substantial load capacity and reduced deflections, making them ideal for bridges and harsh environments.

However, they involve higher initial costs and complex construction processes.
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