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Abstract

Bridge decks are constantly subjected to daily traffic, which can cause surface cracking from excessive stress or
fatigue, necessitating repair or replacement. In India, bridge decks are the costliest part to build and maintain
among specific bridges, driven not just by direct repair expenses but also by indirect costs stemming from traffic
disruptions during repairs. To accurately forecast how a bridge deck will respond and the likelihood of damage,
appropriate analytical tools are required to account for the dynamic interactions between the bridge and multiple
vehicles. This numerical tool must be capable of offering a reasoned forecast for the bridge. Global and local
responsesincluding deformation and stress on the bridge deck and other componentscan be utilized for assessing
fatigue, vibration, or other types of damage. This work, design and analyze the various types of bridge structures
with I-girder concrete bridge structure and I-girder composite with and without confining bridge structure. Present
work the overall width is taken as 15m. The bridge consists of 5 spans. The variation of span is taken as 20m,
30m, 40m, 50m and 60m for each analysis to get the effect of span length on bridge. The bridge design for dynamic
moving loading i.e., class AA loading whichever produces the worst effect. In this work, total deformation, von-
mises stress, strains, shear stress, strain energy and frequency has been achieved with variation of span length and
types of bridge deck or girder changes. All the five types of bridge for IRC Class-AA loading are analyzed using
Ansys software. From the analysis it has been found that the model designed in this research work gives efficient

results and also the results are satisfied.
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1. Introduction

A structure that allows passage over a gap while leaving the space beneath it open. The passage could be attributed
to railways, roads, canals, and natural rivers, among other possibilities. At first, bridges were largely built using

naturally occurring materials like stone and timber, but today, artificial materials such as cement concrete and
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steel are more commonly used in bridge construction. The typical design life of bridges is intended to ensure a
satisfactory period of service. Over its lifetime, the bridge must satisfy key fundamental criteriaincluding struc-
tural strength, functionality, and longevitywhich are ensured through proper design, manufacturing, construction,
and maintenance. Concerning the design, this is based on the consideration of ultimate and serviceability limit
states that have to be verified for persistent, transient and accidental design situations. The objective of this paper
is to provide a review on the work related to bridge super structure design, and to offer an insight of the real
mechanism involved through a framework of a simple model. This is carried out to devise a sound basis for the

possibility of a more economical design approach and justified recommendations for further research work.
1. Methodology

A nonlinear analysis of the bridge model was performed using a simulated wheel load from an IRC Class AA
wheeled vehicle, in accordance with IRC Chapter 3. A specialized method is used to depict a moving load or
vehicle. This approach employs transient solution analysis in Ansys, applying loads sequentially to one designated
set of nodes at a time. The program splits the axle weights evenly and applies two-wheel loads at a distance equal
to half the vehicle’s width, positioned on either side of the vehicle’s centerline. Figure 1 illustrates the IRC Class
A train vehicle. Fatigue damage buildup from passing vehicles is essential for assessing the fatigue safety of
current concrete bridges. Fatigue life can also be expressed in terms of years. Design traffic is evaluated based on
the total number of standard axles. The cumulative number of standard axles is calculated in accordance with IRC

3. The following points are taken into account.

2.1 Modelling of Bridge Deck Structure in Ansys

Five types of bridge deck structure were modeled in Ansys, as illustrated in Figure 1. a)(b) and derive various
outcomes by altering the bridge deck type and adjusting the span length of the bridge deck. Five distinct bridge
deck systems have been developed, namely: i) Concrete I-shaped girders, ii) Composite steel plate girders: ( a)
without a confining concrete block, ( b) upper flange bottom surface, ( ¢) upper flange middle section, and ( d)

upper flange top surface.

0 A5e4003 e+ 003 (mm) pln X ) 45002 964003 (mm) {k X

22504003 6.75¢+003 225¢1003 6,751 003

Figure 1. 3D Model of concrete bridge deck with 20m of span length (Type-A) and composite bridge deck with
20m of span length (Type-B)
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Figure 2. Dimensional view of I-concrete girder bridge deck
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Figure 3. Cross-sectional and dimensional view of concrete and steel girder without confining concrete
Slab panels for the bridge deck, measuring 15m by 20 m and 0.25m thick, were modeled in Ansys. The deck
slab’s material properties include a Young’s Modulus of 25000 MPa, a Poisson’s ratio of 0.15, and a density of

2549 kg/m?. The slab is 15 meters wide, while its span and depth range from 15 meters to 60 meters respectively.
2. Results and Discussion

The highway bridge under study features four continuous spans along its length, with span lengths ranging from
20 to 60 meters. The bridge girders are spaced evenly across the transverse direction at 4-meter intervals. To
identify the most effective design approachwhether concrete/ steel or plate sectionsthe position of the confining
concrete section within the cross-section is adjusted, as detailed and illustrated in the preceding chapter. For type
A, the effective height of the bridge cross section remains at 1.6 meters, while for the other three cases, it is

maintained at 1.8 meters.
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Figure 4. Effect of maximum total deformation and von-mises stresses due to IRC Class AA Loading condition
in different types of bridge deck with variation of bridge span length
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Figure 5. Effect of maximum equivalent strain and shear stress due to IRC Class AA Loading condition in dif-

ferent types of bridge deck with variation of bridge span length
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Figure 6. Effect of maximum strain energy due to IRC Class AA Loading condition in different types of bridge
deck with variation of bridge span length
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Figure 7. Effect of natural frequency with different mode shape in different types of bridge structure and with
variation of bridge span length 20m — 60m
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The Figure 4 — Figure 7 shows that the graphical representation of maximum deformation, von-mises stress,
equivalent or maximum strain, shear stress, strain energy and vibration obtained from analysis. The Figures de-
picted that the maximum deformation, von-mises stress, strain energy developed in the all five types of bridge

structure. The maximum total deformation is increases with increasing of the bridge span length and it has been
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observed that the Type A having more deformation as compared to the other types. And it is minimum for Type

E bridge. In addition, the work is further extended to perform a modal analysis to obtained the natural frequency

on different bridge deck, which is as shown in Figure 9. Figure depicted the natural frequency on different types

of bridge deck is increasing with increasing a mode shape.

3. Conclusion

Following conclusions has been drawn on the basis of results obtained from this work of simplified models of the

bridge:

The maximum total deformation is increases with increasing of the bridge span length and it has been
observed that the minimum deformation occurs in Type-E and Type D bridge as compare to other types.
The maximum von-mises stress and strain are increases with increasing of the bridge span length and it
has been observed that the in Type-D bridge gives the less von-mises stress and strain as compare to other
types.

Also, the maximum shear stress and strain energy are increases with increasing of the bridge span length
and again it has been observed that the in Type-D bridge gives the less shear stress and strain energy as
compare to other types.

From above all conclusions, it has been observed that the in Type-D bridge is suitable for future applica-
tion as compared to the traditional bridge structure.

It has also been concluded that, the use of steel-based composite bridge decks is suitable for various
aspects.

The modal analysis result shows that, as the span length increases, the natural frequencies are also in-
creases.

The natural frequency on different types of bridge deck is increasing with increasing a mode shape. In
this present work the maximum frequency is obtained at Types-D bridge deck.

A further research for development of new technologies in composite construction such as CRF slab,
slim-floor slabs with semi continuous connections to the columns, new steel sheets or systems to minimize

the time of erection and assembly is desirable.
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