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ABSTRACT

Bridges play a vital role in modern transportation systems, and reinforced cement concrete (RCC) bridges are widely
used due to their strength, durability, and cost effectiveness. This project deals with the analysis and design of an RCC
bridge using STAAD Pro software in accordance with Indian Roads Congress (IRC) specifications. The study considers
various types of loads such as dead load, live load, impact load, wind load, and seismic load as per IRC: 62010 and IS
456-2000 provisions. A three-dimensional finite element model of the RCC bridge is developed in STAAD Pro, and
structural components such as deck slab, beams, columns, piers, and foundations are analyzed. Vehicle loadings
including IRC Class A and IRC Class AA are applied to evaluate critical bending moments, shear forces, stresses, and
deflections. The design of structural elements is carried out based on the obtained results, ensuring safety, strength,
stability, and serviceability requirements. The outcomes from software analysis are compared with theoretical
understanding, demonstrating the reliability, accuracy, and efficiency of STAAD Pro in bridge design. This study
provides a systematic and practical approach for the analysis and design of RCC bridges under standard loading
conditions.

Keywords : RCC Bridge, STAAD Pro, Finite Element Analysis, IRC Loadings, Bridge Design, Dead Load, Live Load,
Impact Load, Seismic Analysis, Wind Load, Structural Analysis, Concrete Design, Substructure Design, Foundation
Design.

LINTRODUCTION

Bridges are essential components of transportation infrastructure, enabling the safe and efficient movement of vehicles,
pedestrians, and goods across natural and artificial obstacles such as rivers, valleys, railways, and highways. With rapid
urbanization and increasing traffic demand, the need for durable, economical, and structurally efficient bridge systems
has significantly increased. Among the various types of bridges, Reinforced Cement Concrete (RCC) bridges are
widely adopted due to their high compressive strength, durability, ease of construction, and cost-effectiveness [21],
[23]. RCC bridges are particularly suitable for short to medium spans and are commonly used in highway and urban
road networks as specified by Indian Roads Congress provisions [1], [2].

The analysis and design of RCC bridges require careful consideration of various loads and structural parameters to
ensure safety, stability, and serviceability. Bridges are subjected to different types of loads including dead load (self-
weight), live load (vehicular load), impact load, wind load, and seismic load. The Indian Roads Congress (IRC)
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provides detailed specifications and guidelines for bridge design through codes such as IRC: 6-2010 for loading
standards and IRC: 21-2000 for reinforced concrete bridges [1], [2]. Additionally, IS 4562000 provides provisions
for the design of reinforced concrete structures [3], while IS 1893 (Part 1) outlines seismic design considerations [4].
Proper implementation of these codes ensures that the bridge structure can withstand critical loading conditions without
excessive deflection, cracking, or structural failure.

In recent years, structural analysis software such as STAAD Pro has become an important tool in bridge engineering
[24]. Finite Element Analysis (FEA) enables engineers to model complex three-dimensional bridge structures and
accurately evaluate bending moments, shear forces, stresses, and deflections under various load combinations [19].
Compared to conventional manual methods described in classical RCC design textbooks [20], [21], software-based
analysis improves accuracy, reduces design time, and allows better visualization of structural behavior.
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IILLITERATURE REVIEW

Several researchers have contributed to the analysis and design of RCC bridges using analytical and finite element
methods. N.K. Paul (2011) investigated the improvement of load carrying capacity of RCC T-beam bridges by replacing
conventional steel reinforcement with shape memory alloy (SMA) bars. The study showed that advanced reinforcement
materials significantly enhance structural performance and ductility. Finite Element Analysis (FEA) carried out using
ANSYS closely matched experimental results, proving the reliability of numerical modeling in bridge design.

R. Shreedhar and Spurti Namadapur (2012) conducted a comparative study between conventional one-dimensional
analysis and three-dimensional finite element modeling of a T-beam bridge using STAAD Pro. The study concluded
that results obtained from finite element modeling were more realistic compared to traditional analytical methods. It was
observed that IRC load-based manual calculations often provide conservative results, while software-based modeling
offers optimized and economical designs.

Amit Saxena and Dr. Savita Maru (2013) performed a comparative analysis between T-beam girder bridges and box
girder bridges for a 25 m span. The results indicated that T-beam girders are more economical in terms of concrete
consumption and steel requirement for medium spans. The study emphasized that bending moments and shear forces
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were lower in T-beam configurations compared to box girders for certain loading conditions, making T-beam bridges a
practical choice for moderate spans.

Mahesh Pokhrel (2013) carried out a comparative study of RCC T-girder bridges designed according to IRC, AASHTO,
and Eurocode provisions. The study found that Eurocode produced comparatively conservative designs due to higher
safety factors and load combinations. The research highlighted the importance of understanding codal differences in
international bridge design practices and demonstrated the need for standardized approaches in structural evaluation.

Praful N.K. (2015) compared Courbon’s method, Guyon-Massonet method, and STAAD Pro results for the analysis of
T-beam bridges under IRC Class AA loading. The study concluded that STAAD Pro results closely matched Courbon’s
method for bending moment and shear force calculations. It was observed that finite element modeling provides better
load distribution analysis among longitudinal girders, thereby improving structural accuracy.

From the reviewed literature, it is evident that finite element—based analysis tools such as STAAD Pro significantly
enhance the accuracy and efficiency of RCC bridge design. Most studies emphasize that while traditional analytical
methods remain important for theoretical understanding, software-based analysis ensures better modeling of real
structural behavior under complex loading conditions.

HIL.WORKING METHODOLOGY

The analysis and design of the RCC bridge were carried out using a systematic procedure combining theoretical
concepts, codal provisions, and finite element modeling using STAAD Pro software. Initially, the basic data required
for bridge design such as span length, carriageway width, grade of concrete and steel, type of loading, seismic zone,
basic wind speed, and soil parameters were collected. The relevant Indian Standard and IRC codes including IRC: 6—
2010, IRC: 21-2000, IS 4562000, and IS 1893 were studied to understand loading criteria, permissible stresses, and
design requirements.
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Fig. 1: Foundation Plan in STAAD Foundation

Figure 1 shows the initial modeling stage in STAAD Foundation for STAAD.Pro under General Foundation Mode. The
screen displays the foundation plan where individual column supports are imported from the superstructure model. Each
small footing symbol represents a column location with applied loads. The left panel shows project navigation options
such as Project Info, Foundation Plan, Loads & Factors, and Job Setup. This stage is mainly used to define foundation
type (isolated footing, pile cap, etc.), assign soil parameters, and review column reactions. It forms the base input for
further footing or pile cap design.
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Fig. 2: Isolated Footing/Pile Cap Parameter Input

Figure 2 illustrates the parameter selection window used to define design properties. The dialog box allows the user to
select parameters such as compressive strength of concrete (Fc), yield strength of main reinforcement (Fymain), clear
cover, depth, and other design-related inputs. These parameters are essential for reinforced concrete foundation design
as per codal provisions. The graphical preview on the right shows the footing layout with reinforcement arrangement.
This step ensures that material properties and geometric details are correctly assigned before performing analysis and
design.
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Fig. 3: Pile Cap Geometry and Arrangement

Figure 3 displays the detailed geometry of a pile cap in STAAD Foundation. The central column is supported by multiple
piles arranged symmetrically. The drawing shows plan and sectional views with dimensions, pile spacing, and
reinforcement layout. The right-side panel indicates pile arrangement parameters such as lateral spacing, diameter,
number of rows, and columns. This stage ensures proper load transfer from the column to the piles and then to the soil.
It is critical for checking bending, shear, and punching stresses in pile caps.

Fig. 4: GA (General Arrangement) Drawing of Pile Caps

Figure 4 presents the final General Arrangement (GA) drawing generated by STAAD Foundation. It shows two pile
caps with four piles each, along with a table summarizing cap sizes and corresponding column numbers. This drawing
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is used for construction documentation and detailing. The GA drawing includes pile locations, cap dimensions, and
identification marks (e.g., FPC3, FPCS5). This stage confirms the final design dimensions after analysis and
reinforcement checks have been completed.

IV.CONCLUSION

The present study successfully demonstrates the analysis and design of an RCC bridge using STAAD Pro software in
accordance with IRC and IS code provisions. The bridge model was analyzed under various loading conditions including
dead load, live load (IRC Class A and Class AA), impact load, wind load, and seismic load. The results obtained from
finite element analysis indicate that the bending moments, shear forces, stresses, and deflections are within permissible
limits specified by IRC and IS codes. The comparison between theoretical concepts and software-generated results
confirms the accuracy and reliability of STAAD Pro in structural bridge analysis. It is observed that the use of finite
element modeling significantly simplifies complex structural calculations and provides more realistic load distribution
compared to conventional manual methods. The study also shows that proper consideration of load combinations and
impact factors is essential for safe and economical bridge design. From the analysis of both 2D and 3D models, it is
concluded that results are approximately similar for standard loading conditions; however, 3D modeling provides better
understanding of stress distribution and structural behavior. Overall, the project highlights the importance of modern
computational tools in bridge engineering. The integration of codal provisions with software-based analysis ensures
structural safety, durability, serviceability, and cost efficiency. Future work may include soil-structure interaction,
dynamic analysis, prestressed bridge design, and detailed foundation modeling for enhanced structural performance
evaluation.
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