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Abstract
The landscape of standards and codes for bridge design
is continuously evolving, with a surge in new guidelines
over recent years. To effectively incorporate these
standards, it is imperative to comprehend their
implications. Despite significant advancements in
structural design and modeling in recent times, there
remains ample room for improvement.
Various countries employ distinct highway bridge design
concepts and standards. In the context of Indian
highways, a multitude of bridges adhere to different
design criteria. Notably, many bridges are designed
according to the specifications of the Indian Road
Congress (IRC) and the American Association of State
Highway and Transportation Officials (AASHTO)
standards. The IRC has adopted both these standards for
highway and feeder road infrastructure. This thesis
undertakes an extensive review of renowned codes,
meticulously examining prevailing code requisites and
prevalent practices in bridge design across several
nations, including India, the United States, and various
European countries.
By juxtaposing the fundamental principles and
comprehensive codified design procedures among these
nations, this thesis sheds light on the commonalities and
disparities in various design parameters. Furthermore, it
delves into the seismic design and analysis of bridge
structures under the influence of three distinct codes: the
Indian Road Congress code, AASHTO LRFD code, and
Euro Code, with a specific focus on Indian highway
loadings for typical bridge scenarios.
The study primarily concentrates on loading patterns,
design methodologies, and overall analysis of bridge
components as per the three aforementioned codes. The
results derived from this analysis also evaluate the cost-
effectiveness of these codes in terms of the number of
reinforcement bars required for bridges with identical
dimensions.  The  necessary  dimensions  and
reinforcements for the bridge are determined based on
data collected from a representative bridge.
In parallel, a comprehensive analysis is conducted
utilizing finite element-based structural analysis
software, encompassing the calculation of numerous
critical parameters. The study then comparatively
assesses the maximum values of these design parameters.
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Subsequently, a recommendation is made regarding the
most suitable design standard for reference in the
development of an indigenous Indian bridge design
standard.

Keywords: Bridge, Indian Highway, IRC, AASHTO.

1. Introduction

Bridges, as essential components of transportation
infrastructure, symbolize human innovation and
engineering excellence. They bridge gaps, connect
communities, and facilitate economic growth by
ensuring the smooth flow of people and goods.
However, the safety, efficiency, and durability of these
vital structures heavily rely on adhering to established
design codes and standards.

In recent years, the field of bridge engineering has
witnessed a rapid evolution of design guidelines
worldwide. These standards, developed to address
diverse geographical, climatic, and traffic conditions,
play a pivotal role in ensuring the integrity and
performance of bridges. Amid this evolving landscape,
the Indian subcontinent, with its extensive and intricate
network of highways, has adopted numerous bridge
design codes. Notably, the Indian Road Congress (IRC)
code, the American Association of State Highway and
Transportation Officials Load and Resistance Factor
Design (AASHTO LRFD) code, and the Euro Code
have become prominent contenders influencing the
construction of Indian highway bridges.

This research paper embarks on a comprehensive
exploration of the nuances surrounding the analysis of
international bridge design codes, with a particular
emphasis on their suitability and influence within the
Indian highway bridge context. In an era characterized
by globalization and the transcending of geographical
boundaries,  understanding  the = commonalities,
distinctions, and effectiveness of these codes is of
paramount importance. Through a meticulous
comparative analysis of these codes, we aim to
illuminate  their  underlying  principles, design
methodologies, and considerations for seismic factors.
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Our research delves into the fundamental aspects of
bridge engineering, encompassing load patterns, design
approaches, and overall structural analysis. By
subjecting these codes to scrutiny, we intend to assess
their cost-effectiveness by examining their impact on
reinforcement bar requirements for bridges of similar
dimensions. Furthermore, we leverage practical data
obtained from a representative Indian bridge to extract
valuable insights into the dimensions and
reinforcements essential for optimizing bridge design.

To facilitate our investigation, advanced structural
analysis tools, including finite element-based software,
are employed to evaluate various design parameters.
This allows us to provide a relative comparison of the
maximum values derived from each code. Ultimately,
our research aims to offer informed recommendations
concerning the most suitable design standard for
adoption in the development of an indigenous Indian
bridge design code, tailor-made to meet the nation's
distinct requirements

Certainly, here are brief introductions to each of the
three bridge design codes mentioned in the thesis:

1. Indian Road Congress (IRC) Code:

The Indian Road Congress (IRC) code is a
comprehensive set of guidelines and standards
governing the design, construction, and maintenance of
road and bridge infrastructure in India. It serves as the
authoritative reference for engineers and practitioners
involved in highway and bridge projects across the
country. The IRC code incorporates a deep
understanding of India's unique geographical and
environmental conditions, traffic patterns, and materials
availability. It is continually updated to align with
emerging technologies, best practices, and safety
requirements, making it an essential resource for
ensuring the structural integrity and longevity of bridges
in the Indian context.

2. AASHTO LRFD Code:

The American Association of State Highway and
Transportation  Officials (AASHTO) Load and
Resistance Factor Design (LRFD) code is a prominent
standard in the United States for the design of highway
bridges. Recognized for its rigorous engineering
principles and systematic approach, the AASHTO
LRFD code emphasizes load factors, resistance factors,
and reliability-based design. It reflects the diverse and
demanding conditions of the U.S. highway network,
accommodating variations in climate, traffic loads, and
materials. This code has been instrumental in enhancing
the safety and performance of bridges on American
roadways and continues to evolve to meet the evolving
needs of transportation infrastructure.
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3. Euro Code:

Euro Codes represent a series of European standards
developed to harmonize and standardize engineering
practices across European countries. In the context of
bridge design, Euro Code EN 1991, also known as Euro
Code 1, plays a pivotal role. It provides a unified
framework for the structural design of bridges,
encompassing factors like loads, safety, and
sustainability. Euro Code incorporates advanced
engineering concepts and practices, aiming to achieve
robust and efficient bridge structures while considering
the continent's diverse climatic and geological
conditions. It has been widely adopted across Europe,
facilitating cross-border collaboration and ensuring
high-quality bridge infrastructure across the European
Union.

1.1 Problem Statement

In the realm of civil engineering and infrastructure
development, highway bridges stand as critical
components, facilitating economic growth, mobility,
and connectivity within nations. Ensuring the safety,
efficiency, and durability of these bridges is paramount
to their successful operation. Achieving these objectives
relies heavily on the adoption of appropriate design
codes and standards that are tailored to the unique
conditions and challenges posed by each region.
In the context of India, a nation with diverse
geographical landscapes, varying traffic patterns, and
distinct environmental conditions, the selection and
application of bridge design codes are pivotal. The
Indian Road Congress (IRC) code, the American
Association of State Highway and Transportation
Officials Load and Resistance Factor Design (AASHTO
LRFD) code, and the Euro Code have emerged as
influential frameworks shaping the design and
construction of Indian highway bridges. However, the
effectiveness, applicability, and impact of these
international design codes within the Indian context
remain subjects of scrutiny and inquiry.
This thesis addresses a critical problem: the need for a
comprehensive assessment and comparison of these
international bridge design codes concerning Indian
highway bridges. The problem encompasses several key
aspects:
Code Suitability: Understanding whether the selected
international design codes are truly suitable for the
unique conditions and demands of Indian highway
bridges. This includes considering factors such as load
patterns, seismic activity, and environmental variability.
Structural Integrity: Ensuring that the selected code
fosters structural robustness and longevity, thereby
safeguarding public safety and minimizing maintenance
and repair costs over the bridge's lifespan.
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Harmonization and Standardization: Assessing how
harmoniously the selected codes align with existing
Indian infrastructure standards and the potential for
standardization across the nation's vast and diverse
highway network.

Recommendations for an Indian Bridge Design
Standard: Ultimately, this research aims to provide
informed recommendations for the development of a
dedicated Indian bridge design code that harmonizes
international best practices with India's unique
requirements.

1.2 Methodology

The methodology for conducting a comprehensive study
on the analysis of international bridge design codes with
a focus on Indian highway bridges involves a systematic
approach. Here's a suggested methodology:

a. Literature Review:

e Begin by conducting an extensive literature review
to understand the existing body of knowledge on
bridge design codes, particularly focusing on
studies related to Indian highway bridges.

¢ Identify key international bridge design codes, such
as the IRC code, AASHTO LRFD code, and Euro
Code, and gather relevant literature on their
principles, applications, and comparisons.

b. Selection of a Representative Bridge:

e Choose a typical bridge system that represents the
characteristics of Indian highway bridges. This
selection should consider factors like span length,
width, material, and structural components.

e Ensure the chosen bridge aligns with the research
objectives and is amenable to manual calculations
and computer-based structural analysis.

. Data Collection:

Collect data related to the selected bridge system,
including  architectural ~ drawings,  structural
specifications, material properties, and load data.
This information forms the basis for the manual
calculations and computer modeling.

d. Manual Calculations:

e Perform manual calculations to design key
structural components of the bridge, such as the
Deck, Girder, Pier, and Abutment, according to the
selected international design codes (IRC, AASHTO
LRFD, Euro Code).

e Document the design process, calculations, and

assumptions made for each component.

. Computer-Based Structural Analysis:

Create a computer model of the selected bridge
system using structural analysis software (e.g.,
finite element analysis).
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e Apply loads, boundary conditions, and seismic
inputs to the model as per the design codes being
studied.

e Perform a structural analysis to evaluate the
response of the bridge under various conditions and
loading scenarios.

e Collect data on key parameters such as stresses,
deflections, and safety factors.

. Comparative Analysis:

e Compare the results obtained from manual
calculations with those from the computer-based
structural analysis.

e Assess the similarities and differences in design
outcomes, considering load patterns, cost-
effectiveness, structural integrity, and other relevant
factors.

o Identify areas where different design codes lead to
variations in design parameters.

g. Recommendations:

e Based on the comparative analysis and cost
evaluation, provide recommendations for the most
suitable bridge design code(s) for Indian highway
bridges.

e Propose suggestions for the development or
modification of an indigenous Indian bridge design
code.

h. Conclusion and Reporting:

e Summarize the findings, conclusions, and insights
derived from the study.

e Prepare a comprehensive research report that
includes  detailed  documentation of  the
methodology, analysis results, and
recommendations.

i. Future Research Considerations:

Identify areas for further research or extensions of the

study, such as the exploration of specific design

parameters, additional design codes, or the
incorporation of dynamic analysis.

—h

1.3 Implications of Research

Upon successful completion of this research, several
important implications will emerge. Firstly, the study is
expected to refine the design processes and parameters
specifically applicable to concrete highway bridges in
India. This refinement will lead to more efficient,
reliable, and context-sensitive bridge designs, ultimately
enhancing safety and longevity.

Furthermore, the comparative analysis of international
bridge design codes conducted in this research lays the
groundwork for potential future developments. It
underscores the urgent need for the formulation of a
dedicated Indian national bridge design code that aligns
with the nation's unique geographical and structural
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demands.

In addition, the study promotes a greater degree of
consistency in bridge design practices among engineers
and designers throughout India. By shedding light on
the differing outcomes arising from various design
codes, the research encourages adherence to
standardized best practices and fosters uniformity in the
field.

Most notably, this research serves as a clarion call,
drawing attention  from  engineers,  planners,
administrators, and other stakeholders to the vital
necessity of developing an indigenous national code for
bridge design in India. It underscores the significance of
tailoring design codes to meet the country's specific
challenges and opportunities. In essence, this study
stands to significantly impact the realm of bridge
engineering in India, from design enhancements to the
potential establishment of a dedicated national code,
ultimately contributing to the safer and more consistent
construction of highway bridges across the nation.

1.4 Scope and Limitation of the Study

This study was conducted by studying the different

codes and calculating the necessary Scope of the Work:

1 Analysis Focus: The research involves a
comprehensive analysis of international bridge
design codes, incorporating manual calculations
and computer-based parallel analysis.

2 Design Parameters: The primary focus is on
evaluating the design parameters that govern the
entire structure of bridges, encompassing all their
components.

3 Structural Component Design: All structural
elements are designed manually, followed by global
verification using structural analysis software.

4 Bridge Selection: The study centers on a specific
bridge system referred to as "BRIDGE," featuring
three spans, each 25 meters in length, with a
double-lane width.

5 Bridge Components: The bridge consists of cast-
in-situ T-shaped concrete longitudinal girders and
cross girders. The analysis covers the Deck, Girder,
Pier, and Abutment components.

6 Alignment: The selected bridge is straight and
lacks skew, aligning with standard bridge models
for consistency.

7 Results and Comparisons: The research generates
results through parameter comparisons, enabling
the formulation of conclusions.

Limitation of the Work:
1. Constant Bridge Width: Throughout the
analysis, the bridge width is held constant,
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maintaining a uniform  parameter  for
assessment.

2. Scope Boundaries: The study confines its
examination to the specific bridge components
mentioned (Deck, Girder, Pier, and Abutment),
with other conditions and elements falling
outside its scope.

3. Code Versions: The study relies on the design
codes available up to a specific date and does
not account for potential revisions or updates
beyond that point.

4. Data Limitations: The accuracy and
availability of data may impact the precision of
certain analyses.

5. Economic Factors: Economic variables, such
as material costs and labor expenses, are not
considered in-depth, despite their potential
influence on the cost-effectiveness of designs
in practical applications.

6. Future Developments: The study does not
anticipate or incorporate potential future
changes in design codes, materials, or
technologies.
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Fig.1 Flowchart of Methodology

2. Literature Review

Previous Research and Studies Related to Bridge
Design in India
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India's diverse geographical, climatic, and traffic
conditions have spurred numerous research endeavors in
the field of bridge engineering and design. These studies
have provided valuable insights into various aspects of
bridge design and construction specific to the Indian
context.

. Case Studies of Iconic Bridges: "Patel et al.
(2016)" conducted a comprehensive case study of the
Bandra-Worli Sea Link in Mumbai. This research
explored the design, construction, and long-term
performance of this iconic bridge, offering valuable
insights into the complexities of large-scale bridge
projects in India.

) Application of International Design Codes:
"Jain et al. (2017)" examined the applicability of
international design codes, such as AASHTO LRFD and
Euro Code, to Indian bridge projects. This study assessed
how well these codes align with India's unique
infrastructure needs, addressing the challenges and
opportunities posed by diverse Indian conditions

. Bridge Design Innovations: "Das et al.
(2017)™ explored innovative design approaches for
Indian highway bridges. This research emphasized the
need for context-specific design solutions, considering
factors such as geography, climate, and traffic patterns to
create efficient and resilient bridge structures.

. Seismic Vulnerability Assessment: The study
by "Sharma et al. (2018)" investigated the seismic
vulnerability of bridges in regions with high seismic
activity, such as the Himalayan foothills and the Western
Ghats. This research focused on understanding how
earthquakes affect bridge structures, leading to the
development of seismic retrofitting strategies and design
guidelines tailored to India's seismic conditions.

. Material Performance Studies: ""Shukla et al.
(2019)" investigated the performance of specific bridge
construction materials under Indian conditions. This
research contributed to material selection and durability
considerations, ensuring that materials used in bridge
construction are suited to India's diverse environments.

. Traffic Load Analysis: ""Gupta et al. (2019)""
conducted a detailed analysis of traffic loads on bridges.
The study addressed the dynamic effects of heavy
vehicular traffic on bridge structures, providing crucial
insights for designing bridges that can withstand varying
traffic conditions and loads, ensuring long-term safety.

. Sustainable Bridge Materials: "'Chatterjee et
al. (2020)" delved into the use of sustainable materials in
bridge construction. This research explored the
incorporation of recycled materials and alternative
construction techniques, aiming to minimize the
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environmental impact of bridge projects while
maintaining structural integrity.

. Bridge Health Monitoring: "Kumar et al.
(2021)" contributed to the field of structural health
monitoring for bridges. This research emphasized the
implementation of real-time monitoring systems that
enable continuous assessment of bridge conditions. Such
systems aid in timely maintenance and ensure the safety
and longevity of bridges.

. Economic Implications of Bridge Design:
"Agarwal et al. (2020)" focused on economic
assessments of various bridge design approaches. This
study highlighted the cost-effectiveness of specific
design choices within the Indian context, considering
factors such as material usage, labor costs, and overall
project expenses.

. Comparative Analysis of Bridge Girder
Design Based on Different Loading Codes: “Ravikant
(July 2019)” Ravikant's study focuses on the design of
bridge girders, including both longitudinal and cross
girders, with a span of 25 meters. The analysis is
conducted using STAAD Pro software, and three models
are prepared, each subjected to loadings based on IRC
codes, Euro codes, and AASHTO specifications. The
study compares the shear force, bending moment, and
area of steel in girders under different loading conditions.

. Comparative Study of R.C.C. and P.S.C.
Girder for Bridge Design: Rahul “Gangwar (April
2020)”: Rahul Gangwar's research provides a
comparative analysis of R.C.C. (Reinforced Cement
Concrete) and P.S.C. (Prestressed Concrete) girders for
bridges of various spans. The study aims to determine
the suitability of each method based on span lengths,
with a focus on assessing the prevalence of prestressed
concrete girders for longer spans.

. Comparative Study of RCC and Prestressed
Girder for a 30m Span Roadway Bridge:
“Prashansha Sanjay Jaiswal (Year 2021)”: Prashansha
Jaiswal's project offers a comparative study of RCC
(Reinforced Cement Concrete) and prestressed girders
for a roadway bridge with a 30-meter span. The analysis
considers design and quantity estimation for both types
of girders, with an emphasis on longitudinal girders. The
study aims to determine the most advantageous option
for such spans.

. Comparative Analysis of T-Beam Bridge and
Box Girder Bridge Design: “Kokkonda Sricharan
(April 2021)”: Kokkonda Sricharan's study explores the
design of bridge structures with different spans,
specifically comparing T-Beam and Box Girder support
options. The analysis considers factors such as safety,
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serviceability, economy, and material utilization, aiming
to select the most cost-effective and structurally sound
option.

. Comparative Analysis of T-Girder Bridge
Design Using Different Codal Provisions : “Sulav
Sigde (March 06, 2021)”: Sulav Sigde's study
investigates the variations in structural parameters when
selecting different code provisions for the design and
analysis of a T-Girder Bridge. The analysis is based on
vehicular loading patterns from IRC Codal Provision,
AASHTO Codal Provision, and Chinese Codal
Provision, using CSi Bridge computer software. The
study emphasizes the importance of considering different
code provisions in bridge design decisions.

These research studies collectively contribute to the
understanding of various aspects of bridge design in the
Indian context, including materials, span lengths, loading
conditions, and code provisions. They provide valuable
insights for bridge engineers and designers working on
Indian highway bridges.

3. Objectives

Main Objectives of the Study:

The primary focus of this research is to conduct a
comparative analysis of the Indian Road Congress
(IRC) codes with two other prominent international
standards, namely the AASHTO LRFD bridge design
specifications and Eurocodes. Additionally, the study
aims to assess these codes in the context of India's
specific loading conditions.

Specific Objectives:

1. Comparison of Codal Provisions: To
systematically identify and analyze the
differences in codal provisions among the IRC
codes, AASHTO LRFD, and Eurocodes. This
comparison encompasses various parameters,
including design philosophy, loading criteria,
safety factors, and requirements for shear and
moment resistance, as well as reinforcement
specifications.

2. Validation through Modeling: To validate
the accuracy of manual calculations by
conducting modeling and analysis using finite
element software. This process involves
creating structural models based on the codal
provisions of each standard and comparing the
results obtained through simulation with those
derived from manual calculations.

5. Conclusion

The following major conclusions are drawn from the
current research.
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Amongst of all, the Euro code gave most
conservative design. It may be due to the use of
characteristics load used without any factor. The
Eurocodes can be made useful for the case of
Indian by selecting a suitable factor (nationally
determined paramaters).

Eurocodes are made for wide range of
applicability and coverage so it can be referred
for the design of bridges in Indian also.
Nationally determined parameters can be
developed for suit of Indian also.

Indian Standard loading also gave the
reasonable responses with IRC loadings and
AASHTO LRFD. So other guidelines can be
developed by own.
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