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Abstract - The study of box culverts is a vital area of civil engineering, particularly in the design and analysis of hydraulic
structures. Over the years, various researchers have explored the factors influencing the performance, durability, and cost-
effectiveness of box culverts. This review synthesizes the key findings from the literature in chronological order, highlighting the
evolution of understanding and approaches in the field. The review also identifies several research gaps and suggests potential
directions for future studies, emphasizing the need for updated standards, advanced materials, and consideration of dynamic
loading conditions.
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1.INTRODUCTION

Box culverts play a critical role in civil engineering, particularly in water management, road infrastructure, and railway
operations. As a structural element, the box culvert must withstand various loading conditions, including dead loads, live loads,
soil pressure and hydraulic forces. This review paper aims to provide a comprehensive overview of the research conducted on
box culverts, focusing on the evolution of design and analysis methodologies, key findings, and the identification of research
gaps that can guide future studies.

2 EVOLUTION OF BOX CULVERT RESEARCH

Research on box culverts has evolved significantly over the past few decades, with various studies contributing to a deeper
understanding of their design and analysis.

2.2 Early Studies and Foundational Research

Komal S. Kattimani and R. Shreedhar (2013) were among the early researchers to investigate key design parameters for box
culverts. They focused on the depth of the cushion placed on top of the slab, the angle of live load dispersion, and the earth
pressure coefficient. Their work laid the foundation for understanding the critical role of cushion depth and lateral pressure in
preventing structural deformation.

Ketan Kishor Sahu and Shraddha Sharma (2015) expanded on this by analysing RCC box culverts with varying numbers of cells.
They emphasized the importance of considering both cost and optimal thickness in the design process, underscoring the need
for careful planning to achieve cost-effectiveness without compromising structural integrity.

2.2 Advances in Structural Analysis and Design

Subsequent research focused on the structural components of box culverts, particularly under various loading conditions. Mr.
Afzal Hanif Sharif (2016) provided a detailed study of the structural components of box bridges, highlighting the resistance to
shear force and bending moment, which are critical for the safe operation of box bridges.

Kritee Chhetri et al. (2016) explored the dynamic effects on culvert analysis, finding that span-to-height ratios significantly
influence internal forces and bending moments. This research emphasized the importance of considering dynamic factors in
box culvert design to ensure structural integrity.

2.3 Modern Software Tools and Comparative Analysis

The use of advanced software tools such as STAAD Pro became prominent in the late 2010s. Researchers like Zaman Abbas
Kazmi et al. (2017) and Saurav and Ishaan Pandey (2017) highlighted the efficiency and cost-effectiveness of finite element
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analysis (FEA) in the design of box culverts. Their work demonstrated the relevance of using both computational and manual
methods to ensure comprehensive analysis and design.

Ajay R. Polra et al. (2017) emphasized the importance of factors like cushion depth, earth pressure coefficient, and live load
dispersion angle in box culvert design. Their research suggested practical adjustments to simplify the construction process
over soft foundations.

2.4 Recent Studies and Emerging Trends

Recent studies have continued to explore new dimensions in box culvert design and analysis. For example, Imran Bhutto et al.
(2023) identified a research gap in the analysis of box culverts with different skew angles, advocating for the inclusion of both
2-cell and 3-cell box culvert layouts to enhance accuracy.

Mezie E.O. and Okolie, ].0. (2023) contributed to the hydraulic design aspect by determining the dimensions of circular box
culverts. Their study underscored the importance of software tools in modern civil engineering design.

3. SUMMARY OF LITERATURE REVIEW

The analysis revealed that shear forces and bending moments on the top slab, side walls, and bottom slab of box culverts are
significantly higher in scenarios without soil interaction. The most critical design conditions arise when the culvertis empty.
The use of software tools like STAAD Pro has proven to be more efficient and accurate compared to traditional methods like the
moment distribution method (MDM). The research also highlighted the advantages of multi-cell box culverts in terms of area
savings and reduced bending moments.

4. RESEARCH GAPS AND FUTURE DIRECTIONS
Despite the extensive research conducted on box culverts, several gaps remain:

e Dual Earth Pressure Coefficient Analysis: The impact of the dual coefficient of earth pressure for a friction angle (®)
of 30° needs further exploration.

e Load Dispersion with and without Cushion: A comprehensive analysis comparing scenarios with and without a
cushion is needed to enhance understanding of load dispersion.

o Impactof Braking Force: The effects of braking versus non-braking forces, particularly in non-cushioned scenarios,
have not been fully explored.

e Assessment of Box Sizes: The influence of different box sizes on the impact of braking forces and reinforcement
requirements needs further investigation.

o Skew Angles: More research is required on how varying skew angles affect structural integrity, especially under
diverse loading conditions.

e Dynamic Load Effects: The influence of dynamic loading situations, such as seismic events or heavy traffic, on the
long-term performance of box culverts requires further study.

e Advanced Material Use: Research on innovative materials or hybrid designs could enhance durability and
performance under extreme conditions.

o Updated Technical Regulations: There is a need for updated design standards thatincorporate the latest findings in
load analysis, material science, and construction techniques.

e Environmental Impact and Sustainability: Research on eco-friendly design approaches, the lifecycle impact of
materials, and sustainable construction practices is needed.

5. CONCLUSIONS

The literature on box culverts provides a comprehensive overview of the various factors influencing their design, analysis, and
construction. As the field continues to evolve, future studies should focus on filling the identified research gaps, exploring new
materials, innovative design approaches, and advanced analysis techniques to further enhance the performance and longevity
of box culverts.
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