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Abstract— Integral bridges are bridges without expansion 

joints between the abutment and the superstructure. Integral 

bridges have instead their continuous decks and girders 

integrated into the abutments. They are most cost effective 

system in terms of construction, maintenance, and longevity. 

The main purpose of constructing an Integral Abutment 

Bridge is to prevent the corrosion of structure due to water 

seepage through joints. The simple and rapid construction 

provides smooth, uninterrupted deck that is aesthetically 

pleasing and safer for riding. They also provide greater load 

distribution at bridge ends which aid in reducing damage to 

the abutments, especially from overweight vehicles. 

Properly drained approach slabs help control roadway 

drainage, thus preventing erosion of the abutment backfill or 

freeze and thaw damage resulting from saturated backfill. 
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I. INTRODUCTION 

A bridge is a structure built to span physical obstacles such 

as a body of water, valley or road, for the purpose of 

providing passage over the obstacle. Designs of bridges vary 

depending on the function of the bridge, the nature of the 

terrain where the bridge is constructed and anchored, the 

material used to make it, and the funds available to build it. 

Bridges are an important element of the infrastructure today. 

The technical competence has reached high levels in most 

countries and the limits given to a bridge designer are set by 

economic restrictions rather than technical skill.  

Integral abutments are continuous bridges, where 

the deck is rigidly connected to the abutments and approach 

slabs. This rigid connection allows integral bridges to act as 

a single unit in resisting thermal and brake loads. The need 

for joint less bridges evolved from the desire to eliminate 

the use of expansion joints and bearings. Integral abutment 

type bridge structures are single or multiple span bridges 

that have their superstructure cast integral with their 

substructure. Integral Abutment Bridges provide an 

excellent alternative to conventional bridges built with 

bearings and expansion joints. Integral Abutment Bridges 

incur lower construction and maintenance costs compared to 

conventional bridges. In addition, they have a longer service 

life and a superior seismic performance compared to 

conventional bridges. Construction of Integral Abutment 

Bridge has been started in 1930’s in U.S.A. Since then many 

countries have adopted this concept as a replacement for 

traditional bridges. Integral Abutment Bridge can be easily 

used in place of small bridges and culverts.  

II. LITERATURE REVIEW  

One of the most common discussed problems concerning 

bridges built without expansion joints is the accommodation 

of longitudinal elongation and contraction due to 

temperature variations (Keshavamurthy et al., 2014). A 

bridge built with integral abutments is often supported by 

piles made of steel or concrete. The longitudinal elongation 

and contraction of the superstructure induces a displacement 

and a moment in these piles, which in time may cause a 

fatigue failure (Karalar and Dicleli, 2016). Therefore, it is of 

big interest to look at the amplitude of these strains.  

There are a couple of different names of this type 

of bridges in literature. Integral bridges, joint less bridges, 

continuous bridges and rigid frame bridges are sometimes 

used instead of Integral abutment bridges (Yen et al., 2017). 

Two types of Integral bridges are Semi-Integral Abutment 

Bridge and Full Integral Abutment Bridge (Cai and Kong, 

2015). 

Integral Abutment Bridge can be easily used in 

place of small bridges and culverts because of its strength, 

faster rate of construction, lower maintenance cost, improve 

driving and aesthetic conditions and resistance to seismic 

forces (Roy and Pendharkar, 2017). It can also be used for 

rehabilitation of existing bridges (Choine et al., 2016). It can 

be constructed as Structural steel, RCC, or Composite 

bridge. Some examples of Integral abutment bridges in India 

are Dankuni-Palsit flyover and Kalkaji flyover. Dankuni-

Palsit flyover is situated at the durgapur Expressway. The 

span arrangement for the overpass is15m + 2×22.0 m + 

15m, continuous over the support. The deck is RC solid slab 

type integral with the twin piers. The bridge is a joint less 

bridge without any expansion joint over intermediate piers 

without any bearings. Kalkaji flyover is a 150m integral 

flyover has been provided at the vital T-junction on Ring 

Road near Kalkaji Temple. The typical five span continuous 

deck (25m + 30m + 40m + 30m + 25m), has avoided 

slab reinforced concrete deck with a depth of 1.70m, which 

was hunched and increased to 2.20m at the piers supporting 

the 40.0m obligatory main span (Tandon, 2005). 

The first integral bridge in the United States was 

the Teens Run Bridge. It was built in 1938. It consists of 

five continuous reinforced concrete slab spans. Since that 

time construction of integral bridges has spread throughout 

the United States and abroad. The United Kingdom recently 

adopted them for routine applications. Japan completed the 

first two in 1996 (Yauyov et al., 2015).  

A study made in the USA, shows that 29 of 52 

states design agencies permits the design and construction of 

integral bridges. But there were only two states that 

calculated the pile stresses due to the lateral thermal 

movements. Most of the remaining states neglected these 

stresses, while a few states demanded some construction 

details that should reduce these stresses. One example of 

how pile stresses could be reduced is to drive the piles into 

pre-drilled oversized holes, which are backfilled with loose 

sand (Samyak et al., 2017).  

According to Noorzaei et al. (2011), there are now 

at least 40 states that are constructing some form of jointless 

bridges. The trend seems to be moving towards integral 

abutment bridges, but most of the bridges are still 

constructed with expansion joints. In 2004, The Federal 

Highway Administration conducted a survey of integral 

abutment and jointless bridges. This survey indicates that 

the number of integral bridges have increased by more than 

http://theconstructor.org/concrete/types/reinforced-concrete-types/
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200% during the last ten years (Maruri and Petro 2005). 

Many states have nowadays declared that integral bridges 

shall be considered as the first choice when a new bridge is 

designed or an old bridge is replaced (Conboy and 

Stoothoff, 2005). 

Integral bridges have been constructed successfully 

for decades, although there are no common rules of how the 

design and construction shall be performed. The design and 

analysis of integral abutment bridges have mostly relied on 

previous experiences from the same type of structure. 

(Maruri and Petro 2005) 

Integral abutment bridges are mentioned as a new 

technology of constructing composite bridges. The 

Nishihama Bridge has a composite superstructure consisting 

of eight steel girders and a concrete deck slab. The 

abutments are made of concrete and are supported by five 

steel piles with the rather large diameter of 800 mm. An 

interesting thing with this bridge is that it is located in the 

area of a steel mill, and vehicles with a weight of 90 tonnes 

are crossing the bridge frequently. The high traffic loads 

could be a problem in the combination with large 

temperature movement. The Nishihama Bridge is however 

quite short and located in an area where the temperature 

differences over a year are not that big. A difference of 30°C 

has been measured in the steel girders between January and 

August (Franchin and Pinto, 2014). 

III. INTEGRAL ABUTMENT BRIDGE 

A. Definition 

Integral bridges are bridges without expansion joints 

between the abutment and the superstructure. Integral 

bridges have instead their continuous decks and girders 

integrated into the abutments (Pak et al., 2017). Rigid joints 

between the different structural members of an integral 

bridge can be constructed as per the following steps: 

1) Vertical piles are driven into the ground, generally in a 

straight single row. 

2) The lower part of the abutment wall is cast. The upper 

part of the piles can be either be surrounded by a pile 

cap or only by the abutment wall. 

3) The bridge girders are mounted and anchored at the top 

of the lower part of the abutment wall. 

4) The concrete deck slab and the top of the abutment 

walls are cast. The walls are cast in the same stage as 

the end stage of the bridge slab. 

5) The end parts of the bridge girders will then be 

surrounded by concrete. This gives a rigid frame 

structure, which will act as one structural unit.  

This type of bridge can be constructed as single or 

multiple span bridges. Each abutment is normally supported 

by a single row of vertical flexible piles, which creates an 

interaction between the abutments and the soil (Chacon et 

al.,2013). In general, there are no longitudinal battered piles 

in an integral abutment bridge. The horizontal flexibility in 

the vertical piles makes it possible for the abutments to 

move when the length of the bridge changes as a result of 

variations in temperature. 

There is no worldwide definition of the term 

integral bridge. In the USA it usually refers to bridges with 

stub abutments which are connected to the superstructure 

without any joints. The abutments are generally supported 

by a single row of flexible piles (Simon and Vigh, 2016). 

The Highways Agency in the UK has a similar definition of 

the term, but they are not only using it for bridges with piled 

stub-abutments (UK Highways Agency 2003).  

A bridge shall support all dead and live loading that 

are relevant in the specific case. If an integral bridge is 

designed, instead of a non-integral, additional strains and 

stresses are created in the bridge elements. These are a result 

of thermal movements of the bridge, and creep and 

shrinkage of the concrete. The length of the bridge will be 

increasing and decreasing when the temperature is changing. 

When the length of the bridge is changing, forces and 

movements will be induced in the abutments and the piles, 

which will deflect and rotate. The piles, which are 

supporting the abutments, will be subjected to shear forces 

as well as bending moment. It is necessary to estimate the 

forces that are induced in the abutment and the piles 

(Ghazvinei et al., 2017). The movements of the abutments 

will cause an increasing or decreasing soil pressure in the 

backfill, the interaction between soil and abutment walls 

must also be considered. 

Variations in bridge temperature appear both daily 

and seasonally and will lead to cyclic loading of the piles. 

The piles will deflect under the loading and there might be 

plastic deformations. The piles could then be subjected to 

low-cycle fatigue, and this may result in a reduction of the 

bridge service lifetime.  

The trend in the USA has been towards longer and 

longer integral bridges. In view of the fact that thermal 

movement is a function of the bridge length, there will be 

larger and larger movements and forces as well. During the 

design phase, it is necessary to be able to estimate the forces 

that are acting on the piles in a proper way. To be able to 

make a good estimation, there is a need of information about 

the thermal behavior of the abutment-backfill system and 

the soil-pile system. One of the factors that are determining 

the maximum length of integral bridges is the ability of the 

piles to take lateral movements. It is necessary to keep the 

piles stresses low, in order to build longer integral bridges 

(Tausif and Kalurkar, 2014). 

B. Types of Integral Bridges 

The simplest form of an integral bridge is a portal frame 

structure, but there are also several quite complicated forms 

of integral bridges as well. Several different types of 

abutments and other technical solutions have been used in 

integral bridges through the history. A fully integral 

abutment transfers all movements, moments and forces 

through a rigid joint between the superstructure and the 

abutment (Tausif and Kalurkar, 2014). A semi integral 

abutment is only restraining translations but not rotations 

between the superstructure and the abutments. 

Fully integral bridges are single or multiple span 

continuous bridges without movable deck joints at the 

superstructure. These are generally supported by 

embankments with stub type abutments on flexible piles. 

The semi integral bridges are single or multiple span 

continuous bridges without movable deck joints in their 

superstructure but with movable joints between their 

superstructure and rigidly supported abutments.  
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C. Importance of Integral Bridges 

When a bridge is designed it is important to calculate the life 

cycle cost (LCC), in order to find out which alternative that 

is most economical in the long term. Expansion joints and 

expansion bearings are two factors that are influencing the 

LCC. There are a lot of costs connected to these two 

components. They are expensive to buy and install in the 

first time, and then they need to be maintained, repaired and 

often also replaced. Leaking expansion joints and seals are 

in fact the most common reason for corrosion problems in 

bridges. Water from the road, containing dirt and salt, can 

leak through the joints and then attack the bridge girders, 

bearings and the reinforced concrete. The expansion joints 

are also heavily loaded by axle loads from vehicles that 

cross the bridge, and snowplow damages are not rare 

(Khodair and Hassiotis, 2013). 

Many of the most expensive maintenance activities 

are connected to problems with the expansion joints. The 

expansion joints and bearings, by virtue of their functions 

are sources of weakness in the bridge and there are many 

examples of distress in bridges, primarily due to poor 

performance of these two elements. Therefore, it would be 

preferable if a bridge could be built without any movable 

joint. Henry Derthick, former Engineer of Structures at 

Tennessee Department of Transportation, declared in the 

sixties that “The only good joint is no joint”. This 

philosophy has later been adopted by other states and 

countries as well. 

Thus problems of expansion joints and bearings are: 

 Leaking of expansion joints and seals permit the surface 

run-off water from roadway 

 Continual wear and heavy impact from repeated live 

loads as well as continual stages of movement from 

expansion and contraction 

 Impact loadings from heavy commercial vehicles 

 Malfunctioning of bearings can lead to unanticipated 

structural damage 

 Joints and bearings are expensive 

D. Advantages of Integral Bridges 

Integral bridges are adopted due to the following features: 

1) Simple Design 

2) Joint less construction 

3) Resistance to pressure 

4) Rapid construction 

5) Ease in constructing embankments 

6) No cofferdams 

7) Vertical piles (no battered piles) 

8) Simple forms 

9) Few construction joints 

10) Reduced removal of existing elements 

11) Simplified widening and replacement 

12) Lower construction costs and future maintenance costs 

13) Improved ride quality 

14) Design efficiency 

15) Improved load distribution 

E. Limitations of Integral Bridges 

Like any other type of design, the attributes of integral 

bridges are accompanied by some limitations. 

1) Design of Continuous Spans. 

Although the characteristics of integral bridges provide 

many design simplifications, their unified structural system 

does require the design of continuous spans for multiple 

span bridges. However, with the help of computer programs 

and design aids, the extra effort of designing continuous 

spans can be minimized (Shreedhar, 2012). With the 

development of State standard designs for a wide range of 

three and four span continuous bridges, even this extra effort 

can be further minimized. 

2) Approach Slabs.  

Integral bridges should be provided with approach slabs to 

prevent vehicular traffic from consolidating backfill 

adjacent to abutments, to eliminate live load surcharging of 

backfill, and to minimize the adverse effect of consolidating 

backfill and approach embankments on movement of 

vehicular traffic. For bridges with closed decks (curbs, 

barriers, etc.), approach slabs should be provided with curbs 

to confine and carry deck drainage across backfill to the 

approaches and prevent erosion, or saturation and freezing 

of the backfill.  

Because of the continual cyclic movement of 

integral bridges, approach slabs must be anchored to the 

bridges; otherwise, continual bridge movement and joint 

infiltration will shift slabs toward flexible approach 

pavement, away from abutments and off the approach slab 

seats.  

3) Joints off the Bridge.  

Cycle control joints, joints which facilitate longitudinal 

cycling of bridges and approach slabs, should be provided 

between approach slabs and approach pavement. For the 

shortest bridges, the usual pavement expansion joint should 

be sufficient. For longer bridges, however, specially 

designed cycle control joints should be devised and 

provided. 

4) Pile Loading.  

One primary concern expressed about the construction of 

integral bridges with pile supported flexible abutments is the 

uncertainty about abutment pile flexural stresses. However, 

for typical two and three span bridges, the amount of 

thermal movement is less than an inch. Consequently, these 

stresses generally can be ignored. For longer bridges, actual 

bridge performance has shown that high pile flexural 

stresses do not adversely affect bridge performance.  

5)  Buoyancy and Uplift.  

Care must be exercised when using integral bridges for 

stream crossings because most deck type integral bridges are 

buoyant. Consequently, for those bridges with 

superstructures which can become submerged, air vents 

must be provided through the top of beam webs, and 

anchorage to piers should be considered.  

For multiple span bridges with short end-spans, 

deck slab concrete for the end-spans must be placed first to 

prevent end-span uplift during deck slab placement. Once 

constructed, however, integral bridges are more resistant to 

end-span uplift than their continuous end-jointed bridge 

counterparts since the substantial weight of integral 

abutments provides the necessary uplift restraint, even for 

end-to-center span length ratios down to 0.5 and below. 

http://theconstructor.org/constrution/joints/
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6) Embankments.  

Since integral bridges receive significant support from 

embankments, such bridges should be built only in 

conjunction with stable, well consolidated embankments. 

Consequently, integral bridge embankments must be 

constructed first to ensure that embankments and sub 

foundation soils are consolidated and stabilized before the 

flexible pier and abutment piles are driven. 

7) Other Considerations.  

Integral bridges should be restricted to sites where not less 

than 10 or preferably more than 15 feet of overburden is 

present (to ensure pile flexibility and effective pile end-

bearing), to sites where appreciable settlement is remote 

(these bridges cannot easily be adjusted to compensate for 

large settlements), to sites where skews of 30 degrees or less 

are appropriate, and to uncrowded sites where embankments 

and extra spans can be added to avoid the use of wall-type 

abutments. 

F. Design Guidelines  

Some of the useful guidelines for the construction of 

Integral Abutment Bridge is given below: 

1) Abutment 

In Integral abutment bridges the ends of the superstructure 

girders are fixed to the integral abutments. When integral 

bridges are supported either by a flexible capped pile pier or 

freestanding pier with movable bearings, all longitudinal 

forces are taken by abutment backfill, pavements, and to a 

slight extent by the flexible abutment piles. Resistance to 

thermal movements is shared among all the substructure 

units and must be considered in the design of integral 

abutments. The most desirable type of abutment is the stub 

type, in which the abutment is supported by single row of 

piles. The piles are driven vertically without any batter. This 

arrangement of piles permits the abutment to move in a 

longitudinal direction under temperature effects. 

2) Piles 

The analysis of a pile under lateral loads in the integral 

abutment should consider soil-structure interaction. Because 

the deflected shape of the loaded pile is dependent upon the 

soil response and, in turn, the soil response is a function of 

pile deflection, the system response cannot be determined by 

the traditional rule of static equilibrium. Further soil 

response is a nonlinear function of pile deflection. 

Determination of the practical point of fixity of the buried 

pile is rather complex in structural engineering. A rational 

design method is developed for integral abutment piles 

considering the inelastic redistributions of the thermally 

induced moments. This method is based upon the ability of 

steel piles to develop plastic hinges and undergo inelastic 

rotation without local buckling failure. The laterally loaded 

pile may be modeled as an equivalent beam column without 

transverse load between the member’s ends and with a base 

fixed at a specific soil depth. The soil depth, called the 

equivalent embedded length, is the depth from the soil 

surface to the fixed base of the equivalent cantilever either a 

fixed head or a pinned head for the beam column 

approximates the actual rotational restrains at the pile head. 

3) Approach Slab 

Due to the difficulties in obtaining proper embankment and 

backfill compaction around abutments, approach slabs are 

recommended. Approach slabs offer many benefits other 

than acting as a bridge between the abutment and the more 

densely compacted embankments. Approach slabs provide a 

transition from the approach to the bridge if embankment 

settlement occurs. Such transition provides a smooth ride, 

thereby reducing impact loads to the bridge. They also 

provide greater load distribution at bridge ends which aid in 

reducing damage to the abutments, especially from 

overweight vehicles. Finally, properly drained approach 

slabs help control roadway drainage, thus preventing erosion 

of the abutment backfill or freeze and thaw damage resulting 

from saturated backfill. Approach slabs are poured 

separately from the superstructure slab, but joined together. 

4) Wing wall 

In-line wing walls cantilevered from the abutment are 

preferred. When the alignment and velocity of streams make 

in –line walls subject to possible scour, or when right of way 

to other traffic poses a problem the flared walls cantilevered 

from the abutment or U-type wing walls can be adopted. 

5) Backfill 

It is important to provide and effective maintainable 

drainage system below the surfacing and at the bottom of 

the backfill. Porous granular backfill is widely used. The 

advantages of granular backfill are easy compaction in 

narrow space and drainage of water from the abutment. 

Because uniformly graded material does not compact well 

and provides less interlocking of particles, acting more like 

marbles, well-graded material is desirable. Backfilling of the 

abutment is not allowed until the abutments have cured to 

attain sufficient strength. 

IV. CONCLUSION 

Integral Abutment Bridge is a joint less bridge in which the 

deck is continuous and monolithic with abutment walls. 

Their principal advantages are derived from the absence of 

expansion joints and sliding bearings in the deck, making 

them the most cost effective system in terms of construction, 

maintenance, and longevity. The main purpose of 

constructing an Integral Abutment Bridge is to prevent the 

corrosion of structure due to water seepage through joints. 

The simple and rapid construction provides smooth, 

uninterrupted deck that is aesthetically pleasing and safer for 

riding. The ground around the piles moves along with the 

movement of the abutment. The relative movement between 

the pile and ground is therefore reduced, resulting in 

relatively low shear forces at the top of the pile. Integral 

abutment bridges perform well with fewer maintenance 

problems than conventional bridges. Without joints in the 

bridge deck, the usual damage to the girders and piers 

caused by water and contaminants from the roadway are 

avoided. There is no significant effect of stresses to the 

abutment due to vertical load. This form of bridge 

construction has been used for steel, concrete and pre 

stressed concrete bridge. It provides a smooth ride, thereby 

reducing impact loads to the bridge. They also provide 

greater load distribution at bridge ends which aid in 

reducing damage to the abutments, especially from 

overweight vehicles. Finally, properly drained approach 

slabs help control roadway drainage, thus preventing erosion 

of the abutment backfill. 
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