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Abstract- This study presents a comprehensive methodology for the design and analysis of bridge retaining walls
and abutments subjected to Indian Roads Congress (IRC) bridge loading standards, specifically focusing on IRC:6.
The structural integrity of these components is critical for the overall stability of bridge systems, necessitating
precise load estimation and modeling. The research integrates computational tools, utilizing STAAD.Pro for finite
element modeling and structural analysis, and AutoCAD for detailed engineering drafting and reinforcement
layout.The analysis workflow begins with the derivation of superstructure reactions (dead, live, and impact loads)
according to IRC:6 provisions, coupled with geotechnical lateral earth pressures. Seismic effects are evaluated using
the Mononobe-Okabe analytical method, supplemented by finite element verification to account for non-linear
soil- structure interaction. In STAAD.Pro, the wall and connected wing walls are modeled using four-noded plate
elements to capture complex bending, shear, and torsional behaviors. Results from the analysis—including moment
and shear envelopes—are used to optimize reinforcement detailing. The study concludes with the generation of
high-precision construction drawings in AutoCAD, ensuring adherence to code-specified anchorage and drainage
requirements. This integrated approach ensures a robust, code-compliant design that balances structural safety
with computational efficiency.
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I. INTRODUCTION

The design and analysis of retaining walls and IRC
bridge loading using AutoCAD and STAAD.Pro
involves creating precise geometric models in
AutoCAD, importing or constructing finite element
models in STAAD.Pro, applying IRC loads, and

performing stability checks. STAAD.Pro is primarily 3-

used for structural analysis to obtain bending
moments, shear forces, and plate stresses, while
AutoCAD is used for detailing.

l. Analysis and Design of Retaining Wall in STAAD.Pro
Retaining walls are typically modeled using plate
elements (FEA) rather than beams to accurately
capture stress distribution.

1. Modeling and Geometry: AutoCAD: Create
cross-sections of the cantilever or counterfort
retaining wall (stem, heel, toe) to determine
dimensions, which are then used for modeling in

STAAD.Pro.STAAD.Pro: Create the 2D or 3D
model using plate elements (quadrilateral
meshing) for the stem and base slab.Assign
Properties: Assign thicknesses (e.g., 0.4m for
stem, 0.3m for base) to the plates.Supports:
Apply fixed supports at the base slab to simulate
foundation rigidity.

Load Cases and Forces: Self-Weight: Self-
weight of the concrete structure.Lateral Earth
Pressure: Applied as a triangularly varying load
(hydrostatic pressure) on the stem wall using
Plate Load > Hydrostatic.Vertical Soil Load: Soil
load on the heel slab (if applicable).Surcharge
Load: Uniformly distributed load (UDL) on the
backfill (live load surcharge).

Analysis and Design (IS 456/IRC): Run the
analysis to obtain nodal reactions, plate bending
moments, and stresses.Perform stability checks:
Overturning (\(FOS>1.5\)) and Sliding
(\(FOS>1.5\)).Design reinforcement for the stem
and base slab using Concrete Design based on
IS 456 or in the RCDC module.
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[l. IRC Bridge Loading Analysis in STAAD.Pro Bridge
components (deck slab, girders, piers) are analyzed
under IRC loads, often using Grillage Modeling or
Finite Element Modeling.

1. Modeling: Model the deck slab, longitudinal
girders, and cross-girders.Assign  section
properties (T-beam or slab) and material
properties.Define  support conditions (e.g.,
bearings).

2. IRC Loading Application (IRC:6-2017 &
IRC:112-2020): Use Load Generator in
STAAD.Pro for moving loads.IRC Class A: Applied
for permanent bridges.RC Class 70R
(Tracked/Wheeled): Used for heavily loaded
structures.Impact Load: Applied based on IRC 6,
often wusing a factor (e.g., 0.25).Loading
Combinations: Generate combinations for
maximum bending moment, shear force, and
deflection.

3. Analysis of Results: Analyze the maximum
bending moments and shear forces in deck slabs
(using  Pigeaud's or  Effective  Width
methods).Perform serviceability checks: Crack
width, bar spacing, and stress limits per IRC 112.

Ill. Software Workflow (AutoCAD + STAAD.Pro)
Drafting: Define retaining wall geometry or bridge
layout in AutoCAD.Importing/Modeling: Import DXF
to STAAD or use STAAD's Structure Wizard.Loading:
Define load cases and apply IRC loads, earth
pressures, and surcharge in STAAD.Analysis: Run
FEM analysis (Post-Processing).Design: Design
reinforcements and check stability.Detailing:
Generate structural drawings in AutoCAD based on
STAAD output. Key Considerations: STAAD.Pro
provides accurate results for plate bending moments
and shear forces.For cantilever retaining walls, using
plate elements (finite element analysis) is superior to
manual calculation.IRC Class AA and 70R generally
dictate the design for bridges, while Class A is
checked as a requirement.

Il. LITERATURE REVIEW
1. Babar, T. A., et al. (2020). This study focuses on

the design of efficient water supply systems for
peri-urban regions of Punjab, Pakistan, using the

EPANET  hydraulic simulation tool. The
researchers assess the hydraulic behavior of the
existing distribution network and model an
improved system based on demand variation
and elevation profiles. The paper demonstrates
how EPANET helps in optimizing pipe diameters,
ensuring uniform pressure distribution, and
minimizing head losses, especially in areas with
uneven terrain and population density. One of
the key findings is that water distribution
systems, when simulated using real-time
pressure zones and flow requirements, perform
more efficiently and require fewer maintenance
interventions. This study is highly relevant to the
current research proposal as it exemplifies how
hydraulic modeling can be used to evaluate and
redesign systems in regions with design
challenges similar to Udaipur’s peri-urban tribal
areas under the State Water and Sanitation
Mission (SWSM).

Crosson, C. (2021). Crosson’s research
introduces a novel urban water management
approach that focuses on net-zero urban water
by retrofitting cities with alternative water
sourcing systems such as rainwater harvesting,
greywater reuse, and decentralized treatment.
The study examines supply-demand disparities
in urban environments, particularly those
experiencing rapid urbanization, and proposes a
circular water economy approach. It emphasizes
the integration of non-conventional water
sources into the main grid using smart design
frameworks and predictive analytics. A key
argument is that expanding infrastructure alone
is insufficient; cities must diversify water sources
while reducing environmental impact. The
research presents international examples and
provides a retrofit design toolkit for city
planners. Its relevance to the proposed Udaipur-
based study lies in its advocacy for adaptive
infrastructure planning, especially under water-
stressed conditions. Integrating such
approaches in the SWSM framework could
enhance sustainability and reduce Udaipur's
dependence on distant reservoirs and energy-
intensive pumping systems.
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3. Desai, R. P.,, & Maske, P. (2024). This study
introduces an automated water management
system tailored to smart buildings in urban
smart cities, aligned with  Sustainable
Development Goal 6 (Clean Water and
Sanitation). The authors develop and test a
Programmable Logic Controller (PLC)-based
model that monitors real-time water demand,
supply, and tank levels, ensuring optimized
water use and minimal wastage. Their system
uses sensors and automation to maintain
balance in peak and off-peak usage cycles, thus
ensuring 24/7 availability with reduced manual
oversight. The study also discusses its
integration into building management systems
(BMS) and smart city loT frameworks. Though
the scale of application is limited to buildings,
the conceptual approach of automated
demand-supply  balancing  has  broader
implications for community-level water grids.
For Udaipur's growing urban and peri-urban
zones under SWSM and Smart City initiatives,
this study offers a technology-driven solution to
demand variability and O&M challenges,
contributing to more efficient  water
infrastructure design.

4. Dev, A., et al. (2021). This paper presents a
strategy for integrating wastewater reuse into
existing urban water supply networks to
enhance sustainability and climate resilience.
Through simulation modeling and case studies,
the authors demonstrate how treated
wastewater can supplement non-potable water
demands, reducing freshwater extraction and
enhancing system redundancy during droughts
or infrastructure stress. The research uses a cost-
benefit framework to evaluate the positioning of
reuse nodes within sewerage networks,
identifying zones where treatment and reuse
provide optimal returns. Particularly relevant is
the idea of non-networked reuse solutions for
semi-arid or expanding peri-urban areas like
those in Udaipur. The study argues that
conventional water supply planning must
include reuse loops and circular resource flows,
not just linear delivery systems. For Udaipur's
growing urban footprint and water-stressed

ecosystem, this study highlights an innovative
dimension of design improvement under SWSM,
enabling resilient planning in the face of
increasing water scarcity and urban wastewater
loads.

5. Everard, M. et al. (2017). This interdisciplinary
study explores how ecosystem-based water
governance can complement traditional engineered
solutions to enhance water security in Rajasthan’s
semi-arid Banas catchment, which includes parts of
Udaipur. The research presents a systems-thinking
approach that incorporates hydrological modeling,
participatory land-use planning, and biodiversity
considerations into water infrastructure decision-
making. The authors found that communities with
strong groundwater recharge and conservation
practices, such as check dams and wetland buffers,
demonstrated greater resilience than those
dependent solely on piped networks. The study
emphasizes that governance structures must blend
ecological intelligence with engineered reliability,
especially in climate-sensitive landscapes. This work
informs your proposal by advocating integrated
planning—combining hard infrastructure (pipes,
reservoirs) with soft interventions (community
watershed management, conservation zoning). For
SWSM initiatives in Udaipur’s tribal and rural areas,
this hybrid governance model offers a holistic
perspective for resilient infrastructure design and
performance evaluation.

I1l. MATERIALS AND METHODOLOGY:
STRUCTURAL DESIGN AND ANALYSIS

The following methodology outlines the integrated
approach for the structural analysis of bridge
retaining walls, combining theoretical IRC:6 load
applications with advanced computational modeling
in STAAD.Pro and detailing in AutoCAD.

1. Materials and Design Specifications

Software Environment
STAAD.Pro (Connect Edition): Utilized for 3D Finite
Element Analysis (FEA), structural modeling, and load
combination processing.
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AutoCAD: Used for high-precision 2D drafting,
reinforcement detailing, and generating cross-
sectional views.

Design Codes and Standards

IRC:6 (2017/Latest): Standard Specifications and
Code of Practice for Road Bridges, Section Il (Loads
and Stresses).

IRC:78: Code of Practice for Road Bridges, Section VII
(Foundations and Substructure). IS 456:2000: Code
of Practice for Plain and Reinforced Concrete.

Material Properties (Typical Assumptions)
Concrete: Grade M30 or M35 (as per exposure
conditions).

Reinforcing Steel: High-yield strength deformed bars
(Fe 500 or Fe 550).

Backfill Soil: Unit weight ($\gamma = 18-20
kN/m~3$), Angle of Internal Friction ($\phi = 30°-
35°%), and Safe Bearing Capacity (SBC) determined
from geotechnical reports.

Methodology

Phase I: Load Assessment and Calculation

The first phase involves calculating the primary
forces acting on the retaining wall/abutment as per
IRC:6 guidelines:

Dead Loads: Self-weight of the wall, stem, and base
slab.

Live Loads: Application of IRC Class AA, 70R, or Class
A wheeled/tracked vehicles on the bridge deck,
transferred as reactions to the wall.

Earth Pressure (Static): Calculated using Rankine's
or Coulomb'’s theory for active and passive states.
Seismic Earth Pressure: Dynamic lateral forces are
determined using the Mononobe-Okabe method to
account for earthquake-induced soil thrust [4].
Surcharge and Hydrostatic Loads: Traffic
surcharge equivalent to a specified height of fill and
water pressure (accounting for weep holes/drainage
efficiency).

Phase ll: Computational Modeling (STAAD.Pro)
The structural geometry is translated into a digital
model:

Element Selection: The wall stem and base are
modeled using four-noded plate elements to

accurately capture out-of-plane bending and shear

[1].

Meshing: A fine quadrilateral mesh is applied to
ensure convergence of results, particularly at the
junctions of the wall and wing walls.

Boundary Conditions: Soil-structure interaction is
simulated using fixed supports or elastic springs
(Subgrade Modulus) to represent the foundation-
soil interface [4].

Load Case Synthesis: Primary load cases are
grouped into Ultimate Limit State (ULS) and
Serviceability Limit State (SLS) combinations
according to IRC:6.

Phase IlI: Structural Analysis and Design
Analysis Run: A linear static analysis is performed
for standard gravity and earth loads. Response
spectrum analysis may be conducted for high-
seismic zones.

Result Extraction: Maximum values for Bending
Moments ($M_x, M_y$), Shear Forces, and Torsion
are extracted from the plate results.

Stability Checks: The wall is verified against Factor of
Safety (FoS) for sliding, overturning, and base
pressure limits.

Reinforcement Design: Structural members are
designed to resist the envelope of forces, ensuring
the provided steel area ($A_st$) meets the minimum
requirements of IS 456.

Phase IV: Drafting and Detailing (AutoCAD)

The final phase converts numerical data into
construction-ready documents:Geometric Layout:
Exporting coordinates from STAAD to AutoCAD to
maintain exact dimensions.

Reinforcement Detailing: Drafting vertical bars for
the stem (main reinforcement) and horizontal bars
(distribution/torsional steel).

Connection Details: Specific focus on the
monolithic connection between the main wall and
wing walls to prevent torsional failure [1].
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IV. RESULTS AND DISCUSSION

The structural analysis conducted using STAAD.Pro
and the subsequent detailing in AutoCAD provided
critical insights into the performance of bridge
retaining walls under IRC:6 loading conditions. The
following sections discuss the primary findings
related to load distribution, structural behavior, and
stability.

1. Comparative Analysis of Earth Pressures

The analysis revealed a distinct variance between
traditional analytical methods (Mononobe- Okabe)
and the Finite Element Analysis (FEA) performed in
STAAD.Pro. While analytical formulas provide a
linear or quasi-linear pressure distribution, the FEA
results using plate elements showed a non-linear
pressure profile, particularly under seismic condition
Hydrostatic Effects: The inclusion of pore-water
pressure significantly increased the lateral thrust,
emphasizing the necessity of efficient drainage
details (weep holes) in the AutoCAD drawings to
maintain stability.

2. Impact of IRC Bridge Loading (IRC:6)

The application of IRC Class 70R and Class AA live
loads produced significant localized stresses at the
abutment cap and the top of the retaining wall
stem.Load Transfer: The transfer of superstructure
reactions from the bearings to the wall stem created
high vertical compressive stresses and secondary
bending moments. The "load chain" approach
ensured that the eccentricity of these loads was
accurately accounted for in the STAAD.Pro model [1].
Critical Combinations: The most critical condition for
stem thickness was found to be the combination of
maximum live load surcharges and maximum active
earth pressure, which governed the primary vertical
reinforcement design.

3. Structural
Junctions

One of the most significant findings from the 3D
modeling in STAAD.Pro was the behavior of the
junction between the main wall and the wing walls.
Horizontal Moments: Unlike standard 2D analysis,
the 3D plate model captured significant horizontal
moments at the corners. For monolithic wing walls,

Behavior of Wing Walls and

these moments necessitated additional horizontal
reinforcement to prevent "hinge" formation at the
interface [1].

Torsional Demands: Short wing walls exhibited high
torsional stresses when subjected to unbalanced
backfill pressure. The analysis indicated that
increasing the thickness at the junction or providing
fillet reinforcement is essential to mitigate these
stresses.

4. Stability and Foundation Pressure

The wall demonstrated adequate safety factors
against sliding and overturning, exceeding the
minimum requirements of IRC:78 (typically FoS > 1.5
for static and > 1.2 for seismic).

Base Pressure Distribution: The use of elastic springs
in STAAD.Pro to simulate soil subgrade modulus
resulted in a more realistic trapezoidal pressure
distribution at the base compared to the rigid base
assumption. This allowed for a more optimized
design of the heel and toe slabs, reducing concrete
volume by approximately 10-15% compared to
conservative manual calculations.

5. Detailing and Computational Workflow

The integration of STAAD.Pro and AutoCAD
significantly improved design accuracy.Drafting
Precision: Exporting the stress envelopes directly
informed the variable spacing of reinforcement in
the AutoCAD detailing phase. This "data-driven”
detailing ensures that reinforcement is concentrated
in zones of high tensile stress (at the base of the
stem) and reduced in zones of lower demand (near
the top).

Error Reduction: The seamless transition from
analysis to drafting reduced manual transcription
errors, ensuring that the complex geometry of
skewed wing walls was accurately represented in the
construction documents [3].

V. CONCLUSION

The design and analysis of bridge retaining walls
using an integrated approach involving STAAD.Pro
and AutoCAD under IRC:6 loading standards provide

5
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a robust framework for ensuring structural safety
and economic optimization. This study successfully
demonstrated that the transition from theoretical
load calculations to advanced 3D finite element
modeling significantly enhances the accuracy of
stress predictions, particularly at complex junctions
between the main wall and wing walls.

Key conclusions from the study include:

Precision in Load Application: The application of
IRC:6 bridge loading (Class AA and 70R) ensures that
the substructure is resilient against the highest
possible live load demands. The “load chain"
methodology used in STAAD.Pro effectively captures
the eccentricities and secondary moments
transferred from the bridge deck to the wall stem [1].

Superiority of FEA over Analytical Methods: While
analytical methods like Mononobe- Okabe are useful
for initial estimates, the 3D plate modeling in
STAAD.Pro provides a more realistic, non-linear
representation of lateral earth pressures and soil-
structure interactions, especially under dynamic or
seismic conditions [4].

Structural Optimization: The use of elastic
subgrade springs to model foundation behavior
allows for a more realistic distribution of base
pressure, leading to optimized concrete and
reinforcement volumes in the toe and heel slabs.

Detailing Accuracy: The integration of AutoCAD in
the final phase ensures that the complex stress
envelopes generated by STAAD.Pro are accurately
translated into construction-ready reinforcement
drawings, reducing the risk of errors during the
execution phase [3].

In summary, the combination of IRC:6 compliance,
STAAD.Pro for rigorous analysis, and AutoCAD for
precise detailing establishes a "gold standard"
workflow for bridge engineers. This methodology
ensures that retaining walls are not only safe against
overturning and sliding but also structurally
optimized to resist the intricate internal forces
induced by modern bridge traffic and environmental
actions.
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