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Abstract - The study of bridge girder systems has seen significant advancements from 2015 to 2023. This review paper provides 
a detailed analysis of the research contributions during this period, focusing on the optimization and understanding of various 
bridge girder systems. By examining the key findings from recent studies, the paper highlights the progress made in girder design, 
including innovations in materials, design methodologies, and structural performance. It also identifies research gaps and areas 
requiring further exploration to enhance the efficiency and durability of bridge girder systems. This review serves as a foundation 
for future research and practical applications in bridge engineering. 
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1. INTRODUCTION  

Research in bridge girder systems integrates diverse domains to enhance the understanding of these critical structural 
components. This review summarizes the major research contributions from 2015 to 2023, emphasizing the evolution of 
design methodologies and materials used in bridge construction. The review focuses on the findings from key studies and their 
implications for current and future bridge engineering practices. 

2. REVIEW OF RESEARCH 

The literature on bridge girder systems from 2015 to 2023 reflects a rich body of research that has contributed significantly to 
the understanding and optimization of these critical structural elements. The studies by Payoshni Mali and Shilpa Kewate 
(2015) were among the earliest in this period to focus on the use of box girders in long-span constructions. Their work 
emphasized the importance of torsional stiffness in ensuring the stability and durability of these structures, particularly in 
resisting shear forces that could otherwise compromise the integrity of long-span bridges. 

In the same year, Arek Higgs (2015) conducted a detailed examination of the structural properties of precast, prestressed 
concrete bridge girders. Higgs’s research was pivotal in revealing the flexural strength and shear capacity of these girders, 
providing insights that were directly compared to AASHTO standards. This comparison was crucial in validating the 
performance of these girders under real-world conditions, thereby influencing their adoption in bridge construction. 

The year 2017 saw significant contributions from Dr. Savita Maru and Amit Upadhyay, who explored the evolution of bridge 
design with a focus on box girders. Their work highlighted the efficiency of box girders in minimizing dead loads, a critical 
factor in achieving longer spans without compromising the structural integrity of the bridge. Concurrently, Gurajapu Naga Raju 
and J. Sudha Mani (2017) delved into the complexities of cable-stayed bridges. Their research centered on the analysis of cable 
forces, and they provided a comparative study between traditional STAAD analysis and the strain energy principle. Their 
findings, which showed minimal differences between the two methods, offered engineers flexibility in choosing their analytical 
approach. 

In 2019, Viqar Nazir and Sameer Malhotra expanded the understanding of bridge girder systems by conducting a 
comprehensive analysis of different bridge types, with a particular emphasis on skewed bridges. They brought attention to the 
complexities involved in skewed configurations, where the angle of the bridge relative to its supports introduces unique 
challenges in load distribution and structural behavior. 

The impact of span length on girder design was further elaborated in 2020 by Vrushali Garde and Sujay Deshpande. Their study 
underscored the necessity for significant structural adjustments in girders with longer spans due to the increased forces they 
must withstand. Their work highlighted the critical relationship between span length and the structural demands placed on 
girders, influencing the design considerations for long-span bridges. 

From 2021 onwards, the focus of research shifted towards specific girder configurations and materials. Wasim Sheikh, Mayur 
Singi, and Nikita Thora (2021) conducted a comparative study on different cell configurations in box girders. Their research 
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concluded that two-cell girders were more efficient than three-cell variants, providing valuable guidance for the design of box 
girders in various structural applications. In the same year, Prof. Amey Khedikar and Srushti D. Somkuwar emphasized the 
advantages of prestressed concrete in curved bridge geometries. Their work was particularly important for addressing the 
challenges posed by space constraints and heavy traffic, demonstrating how prestressed concrete can be effectively utilized in 
complex bridge geometries. 

In 2022, further comparative analysis was provided by Dr. Savita Maru and Narendra Singh, who focused on the differences 
between PSC I-girder and box girder bridges. They concluded that box girders are more efficient for longer spans due to their 
torsional rigidity and aesthetic appeal. This work was complemented by the research of Prof. Prashant Barbude and colleagues, 
who examined the structural behavior of I-girders and highlighted the importance of diaphragm placement in minimizing 
deflections. Their findings provided important insights into optimizing the structural performance of I-girder bridges. 

The most recent contributions in 2023 by Preeti Agarwal and Deepak Kumar Singh addressed the effects of skewness in box-
girder bridges. Their research found that skew angles up to 30° had minimal impact on forces and deflections, allowing these 
bridges to be treated similarly to straight bridges. This work was crucial in simplifying the design and analysis of skewed box-
girder bridges, underlining the complexities of load transfer mechanisms in such configurations. 

Despite the significant advancements made in understanding and optimizing bridge girder systems, several research gaps 
remain. These include the need for further exploration of innovative materials and configurations, particularly in addressing 
the challenges of longer spans, skewed geometries, and dynamic load effects. Future studies could benefit from a more detailed 
examination of the interaction between different structural components under various loading conditions, as well as the 
development of more efficient design methodologies that integrate modern computational tools. 

3. SUMMARY OF LITERATURE REVIEW 

Before real-world implementation, each structural component of a concrete construction must undergo thorough analysis. 
Studies show that box girders enhance stability, aesthetics, serviceability, and reduce construction costs. However, analysing 
box girders is complex due to their susceptibility to bending, torsion, and distortion in various directions. They are typically 
used in heavy-duty constructions like long spans and train transit systems. While the flexural design is based on moment 
responses to dead loads, shear design has also been validated through capacity tests, confirming the girder sections' adequacy. 
The girders have a rectangular shape at support points and transition to an I-shape along the span. This study's first part 
examined the bridge superstructure's analysis methods, using Staad Pro software to analyse the slab system and girders as a 
grillage system, calculating maximum bending moments and shear forces in accordance with Indian Roads Congress (IRC) 
vehicle load specifications. 

4. RESEARCH FINDINGS AND RESEARCH GAPS 

A multitude of study publications have emphasized various studies conducted on girders that come in a variety of shapes, 
including box, rectangular, trapezoidal, and I girders using CSI Bridge software. Upon perusing multiple articles, a few research 
gaps have been identified and will be more effectively utilized in this study.  

Innovative Materials: There is a gap in the exploration of new materials that could enhance the performance and durability of 
bridge girders, especially in environments with challenging conditions. 

Long-Span Bridges: While much has been done on shorter spans, there is a need for more detailed investigations into the 
behaviour of girders in longer spans, particularly under varying load conditions. 

Skewed Geometries: Although skewed bridges have been studied, the complexities of load transfer mechanisms in highly 
skewed geometries are not fully understood, requiring further research. 

Dynamic Load Effects: The impact of dynamic loads, such as traffic and wind, on different girder configurations is 
underexplored, particularly in non-standard bridge designs like curved or skewed bridges. 

Structural Interaction: There is a need for more comprehensive studies on the interaction between different structural 
components, such as diaphragms and girders, especially in complex geometries or under asymmetric loads. 

Design Methodologies: The development of more efficient design methodologies that incorporate modern computational tools 
and advanced analysis techniques to optimize bridge girder performance is lacking and needs attention. 
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5. COMPARISON TABLE OF KEY FINDINGS AND CONTRIBUTIONS  

Here's a comparison table summarizing the key findings and contributions  

Year Researchers Focus Area Key Findings Implications Research Gaps 

2015 
Payoshni Mali & 
Shilpa Kewate 

Box Girders in 
Long-Span 
Constructions 

Emphasized torsional 
stiffness for stability and 
durability in long-span 
bridges. 

Validated the 
importance of torsional 
stiffness in box girders. 

Need for further 
exploration of material 
innovations in box 
girders. 

2015 Arek Higgs 

Precast, 
Prestressed 
Concrete Bridge 
Girders 

Provided insights into 
flexural strength and 
shear capacity, 
compared to AASHTO 
standards. 

Influenced adoption of 
these girders in bridge 
construction. 

Exploration of new 
materials that enhance 
girder performance. 

2017 
Dr. Savita Maru & 
Amit Upadhyay 

Evolution of Box 
Girder Design 

Highlighted the 
efficiency of box girders 
in minimizing dead 
loads. 

Aided in achieving 
longer spans without 
compromising 
structural integrity. 

Need for more detailed 
studies on long-span 
bridge behavior. 

2017 
Gurajapu Naga 
Raju & J. Sudha 
Mani 

Cable-Stayed 
Bridges 

Analysed cable forces, 
comparing STAAD 
analysis with strain 
energy principle. 

Provided flexibility in 
choosing analytical 
approaches. 

Further research on load 
transfer mechanisms in 
skewed geometries. 

2019 
Viqar Nazir & 
Sameer Malhotra 

Skewed Bridges 

Analysed complexities in 
load distribution and 
structural behaviour in 
skewed bridges. 

Highlighted unique 
challenges in skewed 
configurations. 

Underexplored 
complexities in highly 
skewed geometries. 

2020 
Vrushali Garde & 
Sujay Deshpande 

Impact of Span 
Length on Girder 
Design 

Underscored the need 
for structural 
adjustments in girders 
with longer spans. 

Influenced design 
considerations for long-
span bridges. 

Need for more 
investigations on girder 
behavior in longer 
spans. 

2021 
Wasim Sheikh, 
Mayur Singi & 
Nikita Thora 

Box Girder 
Configurations 

Found two-cell girders to 
be more efficient than 
three-cell variants. 

Provided guidance for 
design of box girders in 
various applications. 

Need for innovative 
design methodologies 
using modern 
computational tools. 

2021 

Prof. Amey 
Khedikar & 
Srushti D. 
Somkuwar 

Prestressed 
Concrete in Curved 
Bridges 

Emphasized advantages 
of prestressed concrete 
in curved bridge 
geometries. 

Addressed challenges 
posed by space 
constraints and heavy 
traffic. 

More exploration on 
dynamic load effects in 
non-standard designs. 

2022 
Dr. Savita Maru & 
Narendra Singh 

PSC I-Girder vs. 
Box Girder Bridges 

Concluded box girders 
are more efficient for 
longer spans. 

Highlighted torsional 
rigidity and aesthetic 
appeal of box girders. 

Need for more studies 
on structural interaction 
in complex geometries. 

2022 
Prof. Prashant 
Barbude et al. 

Structural 
Behavior of I-
Girders 

Highlighted importance 
of diaphragm placement 
in minimizing 
deflections. 

Optimized structural 
performance of I-girder 
bridges. 

Further research on 
interaction between 
structural components. 

2023 
Preeti Agarwal & 
Deepak Kumar 
Singh 

Effects of 
Skewness in Box-
Girder Bridges 

Found minimal impact of 
skew angles up to 30° on 
forces and deflections. 

Simplified design and 
analysis of skewed box-
girder bridges. 

Need for further 
exploration of dynamic 
load effects and skewed 
geometries. 
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This table encapsulates the evolution of research in bridge girder systems from 2015 to 2023, highlighting significant 
advancements and identifying areas requiring further investigation. 

6. CONCLUSIONS 

Following conclusions can be made for the study made and areas listed below: 

1. Significant Progress in Bridge Girder Systems (2015-2023): The review reveals substantial advancements in the design 
and understanding of bridge girder systems, with improvements in material innovation, structural configurations, and design 
methodologies. These developments have enhanced the stability, efficiency, and aesthetic appeal of bridge structures. 

2. Complex Challenges Remain: Despite the progress, several challenges persist, particularly in the areas of long-span bridge 
design, skewed geometries, and dynamic load effects. The need for a deeper understanding of the interaction between 
structural components, such as diaphragms and girders, is also highlighted. 

3. Future Research Directions: The review underscores the importance of continuing research in innovative materials, 
advanced computational tools, and efficient design methodologies. Addressing the identified research gaps will be essential 
for further optimizing bridge girder systems and ensuring their durability and resilience in varied conditions. 
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