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ABSTRACT

This study presents a comprehensive literature review on simply supported super structure and that of integral one. Emphasis is placed on the flexibility provided
by bearings and expansion joints, allowing for movement in response to external forces and environmental conditions. In contrast, integral superstructure design
is explored, highlighting its unique features such as the absence of bearings and expansion joints. The study delves into integral connection design, abutment design,
load analysis, material selection, structural analysis, and construction considerations. Special attention is given to the challenges associated with accommodating
movement without traditional joints. Furthermore, the study evaluates the advantages and limitations of each design approach. Simply supported superstructures
are praised for their established design principles, cost-effectiveness for shorter spans, and ease of construction. However, concerns regarding maintenance
requirements and vulnerability to wear and corrosion at joints are noted. On the other hand, integral superstructures are lauded for their reduced maintenance needs,
enhanced durability, and improved safety. Nevertheless, challenges related to higher construction costs, technical complexity, and limited movement
accommodation are acknowledged. Ultimately, the decision between simply supported and integral superstructures depends on various factors such as span length,
site conditions, budget constraints, and long-term maintenance considerations. This study aims to provide valuable insights for bridge engineers, aiding them in
making informed decisions to ensure the safety, durability, and cost-effectiveness of bridge projects.

Keywords: SIDL — Super Imposed Dead Load, Ap — Area of Pre-stress tendons, UTS — Ultimate tensile stress

1. INTRODUCTION

An Integral Bridge (IB) is a structure without bearings over the abutments and no expansion joints in the superstructure. Integral Bridge are characterized
by a monolithic connection between the superstructure and the substructure, unlike traditional bridge construction where the superstructure is supported
on bearings and transfers all the forces to the substructure and foundation through bearings. Expansion joints and bearings in traditional bridges allow
movement and rotation of the bridge deck without transferring any force to the abutment/pier and foundation due to thermal/creep/shrinkage-induced
movements. In the case of Integral Bridge, the deck carries the movement of the deck to the abutment as well as to the backfill soil behind the abutment.
The approach slab between the bridge end and the pavements accommaodates the necessary movements, leading to strong soil-structure interaction.

Other than bridges with complete integral solutions that don't have expansion joints or bearings, it's also possible to have a structural solution where only
the expansion joints at the abutments are omitted, but the bearings are provided. In such cases, the back-wall portion of the substructure is directly
connected with the superstructure and moves together with the superstructure, back-wall, and approach slab during thermal expansion and contraction,
in relation to the backfill. These solutions, called "Semi-Integral Bridges" (SIB's), are often suitable, especially for rehabilitating bridges.

Another commonly used structural form is the Framed-Type Bridge (FTB), where the bridge deck is monolithic at intermediate pier locations but has
bearings and expansion joints at the abutment locations. In this case, there is no interaction of the structure with the backfill soil. The design of FTBs is
well covered in existing IRC codes and is therefore not covered in this guideline.

Fig. 1.1 illustrates the different types of bridges, categorized based on the connection of the deck at the ends.

There are four basic ways to make a bridge integral, depending on the abutment detail. These four forms can be referred to as bank seat abutments, framed
abutments (fully integral bridges), embedded wall abutments, and flexible support abutments. Figure 1.2 shows typical details of these different types of
integral bridges
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Fig. 1.1 Different Bridge Types Classified Based on Connection of Deck Ends

2. LITERATURE REVIEW

The construction of Integral Bridges in the United States of America began in the late 1930s and early 1940s. Ohio, South Dakota, and Oregon were the
first states to routinely use continuous construction with integral abutments, and California followed suit in the 1950s. The shift towards integral bridges
in Tennessee and other states began in the 1960s.

New Zealand has been building joint-less bridges since the 1930s, with standardized concrete bridge designs developed by the New Zealand Ministry of
Works and Development (NZMWD) in the 1950s. During the 1970s, British researchers began studying integral bridges (IB). As of today, in the UK,
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bridges with a span length of less than 60 meters and a skew not exceeding 30 degrees are typically required to be continuous over intermediate piers and
integral at abutments. The thermally induced cyclic movement at each abutment is limited to +20 mm for IBs according to the British Advisory note.

In Japan, the first integral bridge was built in 1996. Integral bridge lengths in Japan are generally restricted to 30 meters. The Queensland Main Roads
Department (QMRD) in Australia has been practicing integral bridge construction since 1975. China began building integral bridges in the 1990s.

The concept of integral bridges in Europe started in the 1960s. Since then, Europe has had a positive experience with them and there is a trend towards
building more integral bridges in the region. Switzerland, for example, constructed many integral bridges on the national motorway network between
1960 and 1985. These bridges have been successful in terms of construction and maintenance. Currently, more than 40% of the bridges on the FEDRO
(Federal Roads Office of Switzerland) network are integral or semi-integral structures. Researchers at EPFL (Ecole Polytechnique Federale de Lausanne)
are working on building long span bridges with integral concepts, specifically bridges longer than 200m, by focusing on abutment and approach slab
construction techniques.

2.1 Experimental Component Testing of Pile-Abutment Connection

In continuation of the research conducted by Greimann et al. (1984), Greimann et al. (1987) carried out pile field tests at one-tenth scale and full scale.
These experiments involved applying lateral loads to the piles and measuring the resulting strains and displacements. The study confirmed and modified
the guidelines for analytical modeling. Arsoy et al. (2002) conducted tests on three different types of piles: an HP10x42 pile, a 14-inch concrete-filled
tube (CFT14), and a 12-inch prestressed concrete pile. The purpose of the tests was to assess the expected lifespan of integral bridges under typical
working conditions by subjecting the piles to lateral load cycles caused by realistic displacements resulting from annual temperature differentials over a
75-year period. The study recommended the use of HP piles for weak axis bending to minimize stresses on the abutment. It found that the H-pile showed
no degradation over the simulated 75-year period. However, the study did not recommend the use of prestressed concrete piles in integral abutment
bridges. Furthermore, the test setup was unable to accommodate the CFT 14. Chovichien (2004) conducted full-scale tests on various pile sections
commonly employed in integral abutment bridges. The pile sections tested included six HP sections and three concrete-filled tubes (CFT). They were
subjected to testing for weak axis, strong axis, and 45° axis bending, assessing their lateral deformation and strength capacity. Through additional
analytical modeling, Chovichien (2004) established maximum lateral deformation guidelines for typical pile sections and different soil conditions utilized
in integral abutment bridges. The study concluded that the maximum lateral deformation capacity for typical pile sections in integral abutment bridges is
2 inches, and recommended the use of piles in weak axis bending. Talbott (2008) expanded on Chovichien's work from 2004 by conducting tests on
additional HP pile sections. The additional tests revealed that two damage limits could be established for HP sections: the zero damage limit and the
acceptable damage limit. The zero damage limit refers to the maximum allowable lateral deformation that results in no damage to the pile, which aligns
with the 2-inch limit defined by Chovichien (2004). The acceptable damage limit pertains to deformation that causes less than a 5% loss of load carrying
capacity, corresponding to a 4-inch allowable deformation for HP sections commonly used in integral abutment bridges.

2.2 Effects of Abutment Soil

Duncan and Mokwa (2000) conducted a study on current models used to predict passive earth pressure and their suitability for abutments and laterally
loaded pile caps. Their research identified the log-spiral method as the most effective technique for predicting lateral earth pressure. Additionally, Duncan
and Mokwa developed a method for modeling the load path of passive earth pressure, enabling designers to determine pressures between static and full
passive based on displacement into the fill. Rollins and Cole (2006) conducted a study on the cyclic lateral load behavior of pile caps. In their research,
they tested seven full-scale pile caps, four of which had backfill at varying compacted levels. Their findings offer valuable insights into the modeling of
backfill material and are relevant to integral abutment bridges.

2.3 Full-Scale Modelling of Integral Abutment Structures

In 1993, Girton and others conducted a two-year field investigation of two integral abutment structures: the Boone River Bridge, a 324.5 ft prestressed
girder bridge with a 45° skew, and the Maple River Bridge, a 320 ft steel-girder bridge with a 30-degree skew. The study focused on monitoring
longitudinal displacement of the abutments, deck temperatures, and pile strains. However, it didn't include direct measurements of transverse movements.
They developed a longitudinal analytical model (simple frame) using equivalent column methods by Abendroth (1989) and compared the results with
field measurements. Additionally, they coupled a transverse model (simple frame) with strain measurements on selected piles to predict transverse
movements. The research concluded that Abendroth's equivalent column method effectively represents the longitudinal behavior of the pile. It also
advised designers to carefully consider lateral movement in skewed structures but didn't provide specific recommendations for determining the magnitude
of transverse movement.

In 2000, Lawver et al. conducted a field monitoring program on a 216.5 ft prestressed girder bridge without skew for approximately two and a half years.
The structure was extensively instrumented to monitor temperature, lateral displacement of the abutment, pile strains, earth pressure, and pier movement.
A live load test was also conducted as part of the investigation. The study made numerous observations about the behavior of integral abutment bridges.
Particularly significant was the observation that the abutment underwent a net inward movement during each annual cycle.

Brena et al. (2007) carried out a three-year monitoring program on a 270-foot steel plate girder bridge with zero skew. The structure was extensively
instrumented with pile strain gauges, inclinometers, and earth pressure cells. The investigation led to various conclusions regarding the behavior of
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integral abutment bridges. It was found that abutments undergo rigid body motion involving both rotation and translation. This behavior leads to lower
moments in piles, which are usually designed to be fixed against rotation. Additionally, it was observed that the bridge experienced 60% of the
displacements predicted by unrestrained thermal shrinkage. An investigation conducted by Chovichien (2004) involved three integral abutment structures.
The monitoring program covered a 152 ft steel-girder bridge with a 25° skew, a 367 ft prestressed girder bridge with an 8° skew, and a 990 ft prestressed
girder bridge with a 13° skew. The monitoringg program for these structures began in Summer 2000, Summer 2003, and Spring 2000, respectively.

3. Conclusion

The evolution of integral bridge construction across various countries underscores a significant shift in engineering practices, reflecting a growing
acceptance and successful implementation of this innovative design. In particular, the United States, Europe, and New Zealand have emerged as leaders
in this field, where extensive research and practical applications have consistently demonstrated the durability and efficiency of integral bridges. These
structures, characterized by their monolithic design that eliminates the need for expansion joints, have proven to be more resilient against the wear and
tear of environmental factors, such as temperature fluctuations and seismic activity.

As advancements in design methodologies and materials continue to evolve, the future of integral bridges looks increasingly promising. Engineers and
architects are now equipped with cutting-edge technologies and materials that enhance the structural integrity and longevity of these bridges, allowing
them to better withstand the challenges posed by increasing traffic demands and climate change. The integration of smart technologies and sustainable
practices into the design process further amplifies their potential, ensuring that integral bridges not only meet current infrastructure needs but also adapt
to future requirements.

In conclusion, the trajectory of integral bridge construction is a testament to the engineering community's commitment to innovation and resilience. As
we move forward, the lessons learned from successful implementations across various regions will serve as a foundation for developing even more robust
infrastructure. By embracing these advancements, we can pave the way for a future where integral bridges play a crucial role in enhancing connectivity,
safety, and sustainability in our transportation networks. The ongoing evolution of this construction method promises not only to meet the demands of
today but also to anticipate the challenges of tomorrow, ultimately contributing to a more resilient and efficient infrastructure landscape worldwide.
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