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Abstract - The non-linear behavior of reinforced concrete
T-Beam bridge girders plays a critical role in the accurate
assessment of their load-carrying capacity and failure
mechanisms. This study investigates the non-linear response of
T-Beam bridge girders under different live loads condition
specified in the Indian Road Congress (IRC) codes, particularly
the class AA tracked vehicle and Class 70R wheeled loadings.
Through finite element modeling and non-linear static
analysis, the structural response is evaluated in terms of
moment-curvature relationships, crack propagation, stress
redistribution and ultimate capacity. Emphasis is placed on
material and geometric non-linearity to simulate realistic
structural behavior under service and ultimate loads. The
analysis provides insight into the influence of loadings types on
the failure modes and performance of bridge girders, aiding in
enhanced design and safety evaluation procedures.
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1.INTRODUCTION

T-Beam bridge girders are commonly adopted
superstructure type in reinforced concrete bridge design due
to their structural efficiency, constructability and economic
feasibility. These beams are characterized by monolithic
integration of slab and beams resulting in improved stiffness
and strength. However, traditional linear analysis methods
often fail to capture the true behavior of such systems under
extreme loadings or failure conditions. Thus, the non-linear
behaviour analysis of T-beam bridge girders has become
essential for accurate prediction of structural response,
particularly in the context of ultimate strength, crack
propagation, plastic hinge formation, and failure modes.

Non-linear analysis incorporates both material and
geometric nonlinearity, which are crucial for understanding
the inelastic behaviour of reinforced concrete under high
stress or deformation. In practice, concrete exhibits non-
linear stress-strain characteristics beyond its proportional
limit, especially under compression and tension, while steel
reinforcement behaves plastically after yielding. These
complex interactions between concrete and steel, as well as
the redistribution of internal forces, demand robust non-

linear modelling techniques. Bridge design and analysis in
India are governed by the Indian Roads Congress (IRC)
loading standards. Among these, the IRC Class AA Tracked
Vehicle Loading and Class 70R Wheeled Loading are the
most critical for evaluating the performance of highway.

Fig.1: T-Beam Bridge Girders
1.2 IMPORTANCE OF ANALYSIS

Nonlinear behavior analysis plays a crucial role in
assessing the structural response of T-beam bridge girders,
especially when subjected to complex loading conditions at
varying span levels. T-beam girders, widely used in bridge
construction for their composite behavior and structural
efficiency, exhibit significant nonlinear characteristics under
load, including cracking, plastic deformations, and stiffness
degradation. These effects are more pronounced at longer
spans where flexural and shear demands increase. At shorter
spans, local failures and early cracking are the dominant
concerns, necessitating detailed nonlinear modeling to
capture the true behavior and ensure safety and
serviceability under operational and extreme events.

The application of nonlinear analysis allows engineers to
simulate real-world loading scenarios and predict
performance beyond elastic limits. For example, studies
involving dynamic or seismic loading on bridge girders
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demonstrate that the inclusion of geometric and material
nonlinearity improves the accuracy of stress redistribution
predictions, particularly in continuous or skewed spans.
Nonlinear finite element methods (FEM) enable the
evaluation of critical parameters such as moment-curvature
relationships, ultimate load capacity, and failure modes (e.g.,
flexural vs. shear failure). These insights are essential for
optimizing reinforcement design, improving ductility, and
enhancing the resilience of T-beam bridges to progressive
collapse or overload scenarios.

Atvarious span levels, nonlinear behavior analysis supports
tailored design interventions. Short to medium-span girders
benefit from detailed nonlinear stress-strain modeling to
control early cracking and increase load capacity without
overdesigning the structure. For long-span girders,
nonlinearity becomes essential for understanding large
deformation behaviors and post-yield redistribution,
including arching and catenary actions. Researchers have also
applied nonlinear dynamic analysis techniques to model
collapse mechanisms triggered by column removal or seismic
excitations, highlighting how span length directly affects
structural robustness. As such, nonlinear analysis is not only
vital for design validation but also for retrofitting existing T-
beam bridges under varying span conditions and loading
environments.

1.3 APPLICATION

The non-linear behavior analysis of T-beam bridge
girders plays a critical role in understanding the structural
performance and safety of bridges under various loading
conditions. This form of analysis accounts for material non-
linearity (such as concrete cracking and steel yielding),
geometric non-linearity (large deformations), and boundary
condition variations. Applications of such analysis across
different span levels include:

1. Non-linear analysis helps identify cracking patterns and
the onset of plastic hinges, which are crucial for evaluating
serviceability and durability.

e At medium spans (e.g, 15-25 meters), Non-linear
simulations help assess combined shear-flexural failure
mechanisms and evaluate the effectiveness of web
reinforcement, particularly in earthquake-prone
regions.

e Forlongspans (30 meters and above), Non-linear finite
element models (using tools such as DIANA or
ABAQUS) can simulate progressive collapse potential,
load redistribution post-local failure, and residual
strength.

2. Non-linear dynamic analysis helps trace load paths and
activation of secondary mechanisms like catenary or arching
action.

3. At different span levels, the stiffness of connections
between T-beams and deck slabs or cross girders affects the
overall structural response. Studies like those by Pavel
Korenkov et al. (2024) highlight those flexible connections
lead to significant force redistribution due to joint
compliance, which is effectively captured using non-linear
modeling

4. Non-linear time history analysis helps evaluate the impact
of dynamic seismic loads and identify collapse-prone spans.
Structural irregularities and asymmetries amplify these
effects.

5. Non-linear analysis informs retrofitting needs—such as
external prestressing, fiber-reinforced polymer (FRP)
wrapping, or jacketing—for different spans. It aids in
quantifying post-retrofit performance gains and residual
strength under repeated loading.

2. LITERATURE REVIEW

R. Shreedhar & Spurti Namadapur, (2012) studied that
a straight span T-beam extension was analyzed by utilizing
L.R.C. determinations and loading (dead load and live load) as
a one-dimensional structure. Finite Element analysis of a
three-dimensional structure was done using Staad pro
programming. Both models were subjected to L.R.C. Loadings
to convey most outrageous bending moment. The results
were broken down and it was found that the results got from
the limited component model are lesser than the results got
from one dimensional examination, which suggests that the
results got from L.R.C. loadings are traditionalist and FEM
gives practical design.

Rajamoori Arun Kumar, (2014) studies that Bending
moment and shear force for PSC T-Beam Girder are lesser
then RCC T-Beam girder bridge. The use of PSC (Prestressed
Concrete) T-beam girders allows designers to opt for lighter
sections compared to RCC (Reinforced Cement Concrete) T-
beam girders for a 24-meter span. This is because PSC T-
beams offer a higher moment of resistance than RCC T-
beams over the same span. Additionally, the concrete cost
associated with PSC T-beam girders is lower than that of RCC
T-beam girders.

Pallvi rai, (2016) studies that to shield connect from
blast loading, there is need to consider blast loading at the
period of design of structure. For existing structures, either a
retrofitting system can be implemented or the impact
resistance capacity can be enhanced throughout the
structure. The findings indicate that a typical T-beam bridge
is likely to fail under the impact load generated by an
explosion equivalent to 226.8 kg of explosives placed above
or below the deck. However, parts of the bridge may remain
intact depending on the impact location—specifically, if the
blast occurs near a support section. In cases where the
impact is close to the support, some of the props at various
spans may remain unaffected. From this analysis, it can be
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concluded that a standard T-beam bridge with reinforced
components and piers is generally not capable of
withstanding such high-magnitude impact loads.

Sandesh Upadhayaya, (2016) Research indicates that
the performance of T-beam deck slabs can be further
enhanced by applying pre-tensioning or post-tensioning
techniques. These prestressing methods are easier to
implement in T-beam configurations, and calculating the
necessary jacking force is relatively straightforward. This
configuration provides a practical solution for addressing
such requirements with greater efficiency.

Shreyali S. Pratapwar (2023) studies that the analysis
of a T-beam bridge with a deck slab using IRC loadings and
STAAD Pro V8i revealed the distribution of loads on
structural members, the max. bending moment, shear force,
and deflection for different spans. Bridge design is crucial for
safety and economy, and compliance with IRC and IRS codes
is mandatory in India. Various studies and comparisons have
been conducted to enhance bridge construction
technologies, leading to the selection of appropriate bridge
types based on factors such as economy, safety, stability, and
aesthetics. Innovations in bridge construction technology
have provided multiple options for analyzing and designing
bridges, ensuring their structural integrity while meeting
functional requirements. The research paper explored the
dynamic behavior of T-beam bridge decks under different
loading conditions, demonstrating the importance of
efficient design methods and accurate analysis for optimal
bridge performance. Advances in bridge engineering have
resulted in the development of suitable sections for bridges
of varying spans, such as T-beam and box girders, enabling
cost-effective and safe bridge construction practices to
support the growing transportation infrastructure needs of a
developing nation.

Abhinav Kumar, (2020) studies thatrecent projects aim
to alleviate traffic congestion in cities by constructing
advanced transit systems, including curved bridges with
varying curvatures. To reduce costs and ensure safety,
researchers have developed a reusable formwork called
multi-tasking formwork for precast prestressed concrete
(PSC) curved girders. Results indicated the bridge's safety
and serviceability, with a higher load capacity and allowable
deflection than design standards. FEM simulations and 23
full-scale  experiments further demonstrated the
effectiveness of the multi-tasking formwork in creating cost-
efficient and stable precast PSC curved girder bridges.

Abrar Ahmed, (2017) studies that the comparison
between the 'T-beam girder' and 'box girder' was conducted
to determine the most suitable section for bridges of
different spans by analysing, designing, and cost comparison.
The study aimed to identify the suitable section for spans
exceeding 25 meters, using prestressed concrete sections
due to their cost-effectiveness. The analysis was done using

in Excel sheets following the working stress method and
Courbonne’s theory. The results showed that the IRC 70R
vehicle had the maximum effect on the sections, leading to
the conclusion that T-beam girders are suitable for spans up
to 30 meters, while box girders are more economical for
higher spans. The study also indicated that the software
results were acceptable and could be used for substructure
design. The findings suggest that the selection of the
appropriate section for respective spans can be determined
based on the obtained results, with T beam girders
recommended for smaller spans and box girders for longer
spans, especially beyond 30 meters.

Praful NK, (2015) studies in view of this review
Courbonne’s method gives the normal outcome with
deference BM values in the longitudinal girder when
contrasted with Guyon Massenet technique. While Guyon
Massenet’s strategy belittles the BM values when contrasted
and Courbonne’s method. The Staad professional outcome
nearly coordinates with the qualities gotten by Courbonne’s
technique for class AA followed vehicle. For class AA
Followed vehicle the Staad professional outcome is
decreased by (0.01%) when contrasted with Courbonne’s
technique and increment in result contrasted with Guyon
masoned strategy by (34.22%) for Bowing Moment. For class
AA Followed vehicle the Staad star result is lessened by
(33.73%) when contrasted with Courbonne’s strategy and
increment in result contrasted with Guyon-Massenet
technique by (26.93%) for Shear Constrain.

Akanksha Yadav, (2024) analysed the simply
supported RCC T-frame girder bridge was performed under
standard IRC loading, and results were compared across
different models for various spans using STAAD. pro
software. Four different span lengths (20 m, 30 m, 40 m, and
50 m) were analysed to assess performance across both
short and long spans. Additionally, the effect of girder
thickness for the 20 m span was examined using four
different thicknesses (0.22 m, 0.24 m, 0.26 m, and 0.28 m).
The methodology involved analysing a single-span, two-lane
RCC slab T-frame bridge deck under various dead and live
load conditions. This included both static and dynamic load
analysis, resulting in a detailed study of maximum
deformation, stress, and moments influenced by girder
thickness and span length.

Anushia K Ajay, (2017) revealed that construction
costs decreased as the length-to-depth (1/d) ratio increased,
up to a certain limit defined as the optimum 1/d ratio. An
optimal 1/d ratio of 14 was identified. Additionally, slab
thickness was found to influence stress intensity, with a
range between 170 mm and 200 mm providing the most
efficient performance. The analysis was carried out using VB
6.0 software. A bridge is a structure constructed over
obstacles to facilitate passage without obstructing what lies
beneath. It may support a railway, roadway, pipeline, or
canal over features such as rivers or valleys. In this context,

the CSI Bridge software, validated manually, and developed the T-beam bridge, suitable for spans ranging from 10 to 25
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meters, was studied due to its T-shaped configuration
formed by casting girders and deck slabs together
researcher examined the performance of T-beam bridges
under IRC Class AA tracked loading by varying parameters
such as span length, concrete grade, deck slab thickness, and
girder depth

3. CONCLUSION OF LITARETURE REVIEW

After reviewing the research papers mentioned above, the
following is summary of the literature review.

= The selection between T-beam and box girder designs
depends on project-specific requirements, such as span
length, cost, and load-carrying capacity.

= The study emphasizes the need for finite elementanalysis

(FEA) in the design process, especially for evaluating the
real-world performance of RC T-beams under different
loading conditions.

= Pre-stressed T-beams provide superior flexural
performance compared to conventional RC T-beams. = The
study finds that T-beam bridges perform well under dead
loads but require more reinforcement when subjected to
dynamic loads.

= T-beams, however, are more economical and easier to
construct for shorter spans, making them suitable for small-
scale projects.

= Courbonne’s Theory provides a reasonable
approximation for load distribution in T beam bridges, but
its limitations become evident in curved or skew bridges.

= T-beams are less efficient under seismic conditions, while
box girders demonstrate better structural integrity and
vibration resistance.

= The parametric study concludes that various factors, such
as span length, girder spacing, and deck thickness, play a
significant role in the overall behavior of T-beam bridges.

4. GAPS IN LITERATURE REVIEW

= The effect of curvature on the structural performance of T-
beam girders is not explored in depth.

= The study does not focus on dynamic load conditions,
which can significantly influence the non-linear performance
of T-beams.

= The study does not consider the impact of curvature,
which is crucial for non-linear analysis in girders.

= There is no analysis of how concrete’s non-linear
properties (e.g., cracking) affect the overall structural
behavior.

= This study is based on the linear design of a specific
bridge, without exploring nonlinear effects or behavior
under dynamic conditions like earthquakes or heavy
vehicular loads.
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