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Preface 
 
Since mid 2005 a European R&D project, INTAB (Economic and Durable Design of Composite Bridges 
with Integral Abutments), is running with support from RFCS, RFSR-CT-2005-00041, and national 
sponsors. The partners are 
 

• RWTH Aachen, Germany 
• University of Liège, Belgium 
• ProfilARBED, Luxembourg 
• Luleå University of Technology, Sweden  
• Ramböll, Sweden 
• Schmitt Stumpf Fruehauf und Partner, Muenchen, Germany 

 
The project concerns bridges with integral abutments, a concept saving investment as well as maintenance 
costs. The project includes international comparisons, theoretical studies, in situ and laboratory testing of 
bridges and the preparing of guidelines for design of such bridges. A bridge for monitoring was constructed 
in mid Sweden in the summer of 2006.  
 
In May 2006 an international workshop with participants from eight countries was held at Ramböll’s 
Swedish head office in Stockholm. The different contributions are presented in this report. We want to thank 
the participants for making this seminar possible.  
 

Peter Collin Milan Veljkovic Hans Petursson 
      

 
Participants, from the left: Harry White, Milan Veljkovic, Martin Nilsson, Wylliam Husson, Daniel Pak, L-O 
Nilsson, Oliver Hechler, Peter Collin, Anders Ljunggren, Dan Eklöf, Guenter Seidl, David Iles, Olli 
Kerokoski, Tomi Harju, Tore Lundmark, Carl Vroomen, Max Verstraete, Arne Brataas, Mike Haller, Erik 
Vallin, Hans Petursson. Missing on the photo: Marcus Feldman, Bernt Johansson, Ulf Sandelius. 
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New York State Department of Transportation's Experience with Integral 
Abutment Bridges 

 
Arthur P. Yannotti, P.E. – New York State, Department of Transportation 

Sreenivas Alampalli, PhD, P.E. – New York State Department of Transportation 
Harry L. White 2nd, P.E. – New York State Department of Transportation 

 
 
ABSTRACT 
 
 The New York State Department of Transportation (NYSDOT) has been using integral abutment bridges 
since the late 1970's.  Since that time, the design methodology and details have been modified several times to 
improve performance.  Semi-Integral abutments were introduced in 1998.  Approximately 450 integral and 
semi-integral abutment bridges have been constructed in New York; and thus far, their in-service performance 
has been excellent.  They are the preferred abutment type for NYSDOT.  This paper examines the evolution of 
the design and construction practices and explains the reasons for the modifications. 
 
HISTORY 
 

Traditionally, bridges in New York were constructed with a joint in the deck slab at abutments to 
accommodate thermal movements.  By the 1970's, multiple span bridges were commonly designed as 
continuous spans, thus eliminating the deck joints over the piers.  Deck joints were of a number of types, 
including various types of neoprene seals, finger joints and open trough systems.  However, all types were prone 
to leak and allow water containing road salt to drain onto the underlying superstructure beams, bearings, 
abutment backwalls, and bridge seats. 

 
In order to eliminate the "leaking joint" problem, the first integral abutment bridges constructed by 

NYSDOT were built in the late 1970's.  These were typically single span steel bridges with a span length under 
100 feet.  A single row of steel H piles with the strong axis parallel to the girders were used so that bending 
occurred about the weak axis.  The steel piles were extended into a short abutment stem.  The steel girders were 
erected on the steel piles and attached to them by welding to a cap plate that was welded to the top of the piles.  
The girders and piles were then encased in concrete as the deck slab was placed creating an integral type 
abutment.  Design assumptions included equal distribution of the vertical load to the piles.  Bending moments in 
the piles were ignored, and the abutments and wingwalls were designed for full passive earth pressure.  A 
section of an early typical integral abutment with a steel superstructure is shown in Figure 1. 
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Figure 1.  Early Steel Superstructure Integral Abutment 

 
 

Superstructures with adjacent prestressed concrete box beams are commonly used in New York.  Early 
attempts were made in the 1980's to adapt integral abutments to this type of superstructure.  The principal 
differences were that there was no positive attachment of the beams to the piles and a sloping backwall was used 
to allow the approach slab to be poured continuously with the deck.  Design assumptions were the same as for 
bridges with steel superstructures. A section of an early typical integral abutment with adjacent prestressed 
concrete beam superstructure is shown in Figure 2. 

 
Integral abutment bridges were occasionally used in the 1970's and 1980's on an experimental basis.  

Their performance proved to be very good and other benefits emerged.  The elimination of the footing and the 
relatively simple concrete forming, compared to conventional abutments, made them advantageous because of 
their lower cost and more rapid construction than conventional abutments. 
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Figure 2.  Early Prestressed Concrete Superstructure Integral Abutment 

 
 
EVALUATION 
 
 By 1996 there were more than 155 integral structures in-service.  For spans longer than 160 feet, steel H-
piles with bending about the weak axis were specified.  Maximum allowable bridge length was 500 feet.  Most 
of these bridges have their principal features in common, although details have varied greatly, and a study by 
the NYSDOT Structures Design and Construction [1] concluded that with few exceptions, these structures have 
performed well.  Typical design details [2] for integral bridges of that era are shown in Figures 1 and 2. 
 

In 1996, New York initiated two studies to evaluate the in-service performance of integral abutment and 
jointless bridges [3-5].  The first study [3] evaluated 84 integral bridges and 105 jointless bridge decks in-
service at the time the study was initiated, through field inspection of the relevant bridge components.  The 
second study [4, 5] investigated the validity of some of the design assumptions regarding soil pressure on 
abutments and load distribution among piles by surveying other transportation agencies nationwide and in 
Canada.  This was conducted to document current design and construction practices related to integral and 
jointless bridges and to make further improvements to New York guidelines. 
 
 The main objective of the field inspection and analysis of inspection data [3] was to evaluate general 
performance of integral abutment and jointless bridges, and to determine the problem details needing 
improvement.  As part of the field evaluation, engineers inspected several visible components, influenced by the 
abutment details used.  These included the abutment itself, approach slab, and the first 5 feet of the deck and the 
wearing surface near the abutments.  Condition ratings (see Table 1), as per the NYSDOT Bridge Inspection 
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Manual [6], were utilized to rate these on a 1 (total deteriorated) to 7 (new condition) scale.  Settlement of 
approach slabs was also recorded during the field inspections.  The attributes of the bridge (such as age, 
superstructure type, skew, bridge length, etc.) were obtained from bridge inventory data.  A statistical analysis 
was performed, as needed, to investigate the effects of various attributes in a rational format to supplement 
visual observations.  Results indicated that these bridges have been functioning as designed and showed 
superior performance when compared to conventional bridges of similar age and exposure. 
 

Table 1.  New York State Department of Transportation Condition Ratings [6] 
Rating Description 

1 Totally deteriorated or in failed condition 
2 Used for conditions between 1 and 3 
3 Serious deterioration or not functioning as originally designed 
4 Used for conditions between 3 and 4 
5 Minor deterioration and is functioning as originally designed 
6 Used for conditions between 5 and 7 
7 New condition 

 
 Thirty-nine transportation agencies responded to the study which surveyed several transportation 
agencies in the United States and Canada [4, 5].  Of the responders, integral abutment bridges are being built by 
at least 30 agencies.  Bridge owners rated their in-service performance as "good" or "excellent".  They 
experienced only such minor problems as cracking and settlement of bridge approaches, but indicated that their 
in-service performance is at least equal or better than conventional bridges.  The design practices and 
assumptions relating to thermal limits, soil pressures, and piles varied considerably and were based largely on 
past experience. 
 
 
MODIFICATIONS 
 
 Several modifications were made to integral abutment details as a result of this study.  The most 
important had to do with the way the abutment backwall, approach slab, and deck slab were placed for bridges 
with superstructures consisting of adjacent prestressed concrete box beams.  Adjacent prestressed concrete box 
beams are a very common type of superstructure in New York, so this was an issue of considerable importance.  
Although it is more difficult to achieve a positive connection with the substructure than is the case with steel 
girders, satisfactory results had been obtained by extending prestressing strands and reinforcing bars from the 
ends of the beams into the abutment backwall.  In order to facilitate construction, the deck slab, approach slab 
and abutment backwall had been placed in a single pour (See Figure 2).  This detail required the abutment 
backwall to be sloped at an approximate 45˚ angle against the approach fill so that the approach slab could be 
placed in the initial pour without backfilling against the abutment backwall.   
 

The study showed that this older detail was unsatisfactory because significant transverse cracking in the 
deck and transverse and longitudinal cracking in the approach slab near the abutment typically occurred.  It was 
determined that this was caused by the inability of the approach slab to accommodate any settlement of the 
approach fill.  A revised detail was developed (See Figure 3) that allowed rotation of the approach slab at the 
abutment when settlement occurred.  This was accomplished by using a vertical backwall, placing the deck slab 
and approach slabs in separate pours with a formed joint and eliminating the horizontal reinforcing steel across 
the deck slab transition to approach slab joint.  Reinforcing bars are now placed at 45˚ into both the deck slab 
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and approach slab.  This detail minimizes the moment capacity at the joint and allows the approach slab to 
rotate, if there is settlement of the approach fill.  
 
 

 
Figure 3.  Current Prestressed Concrete Superstructure Integral Abutment 

 
 Integral abutments with steel superstructures typically used a detail where reinforcement was run 
horizontally between the deck slab and approach slab beneath the saw cut joint to tie them together.  The study 
showed there was a similar cracking pattern to that observed with prestressed concrete superstructures.  A detail 
at the approach slab/deck slab/ backwall interface similar to the prestressed concrete superstructure detail was 
adopted.  It has proven satisfactory in reducing cracking at these locations. 
 

Because of the generally very good performance of integral abutments, other changes in design criteria 
were made at this time.  The allowable exposed height of the abutment stems was increased and the allowable 
bridge length was also increased.  In addition, integral abutments with flared and U-shaped wingwalls were also 
allowed. 
 
FURTHER MODIFICATIONS 
 
 Since the 1996 study, integral abutment construction and performance has been continually monitored.  
One of the difficulties sometimes encountered in integral abutment construction has been the close tolerances 
required for driving piles.  The practice, in steel superstructure integral abutments, of welding the girders to the 
extended piles required that the piles be driven within one inch from their plan locations.  In difficult pile 
driving conditions, this was not easy to achieve, even with the use of a pile driving template restraining the 
piles.  Based on the performance of the adjacent prestressed concrete details and similar details used in other 
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states, a detail was developed that would not require such precision in final pile locations.  In this case, piles are 
driven and a partial depth concrete cap is placed.  The steel girders are then erected on the concrete cap.  Four 
leveling bolts are used to adjust the girder elevation.  The girder ends are then encased in the abutment stem.  
Separate concrete placement is then made for the deck and approach slabs (see Figure 4).  This revised detail 
has proven to be more easily constructed with no detectable difference in performance from the welded pile cap. 
 

An additional abutment type was also developed for the situation where full integral abutments cannot 
be used.  Semi-Integral abutments offer some significant advantages over typical Integral Abutments and 
Jointless Deck Slabs. 
 
 Typical integral abutments require a minimum length of piling to ensure that the piles have sufficient 
fixity to resist the horizontal displacements of the superstructure.  This can be a barrier to the use of Integral 
abutments where the ledge rock is near the surface.  Since Semi-integral Abutments use conventional bearings 
to accommodate superstructure movements (see Figure 5), the abutment stem can be supported by conventional 
means such as spread footings or shorter piles.  The girders are integrally cast in a concrete backwall that is 
independent of the rest of the abutment.  The encased girders eliminate the need for a deck joint.  The approach 
slab is connected to the superstructure with typical Integral Abutment details. 

 
Figure 4.  Current Steel Superstructure Integral Abutment 
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Figure 5.  Semi-Integral Abutment 

 
CURRENT INTEGRAL ABUTMENT CRITERIA 
 
 Integral abutments are now the first choice when selecting an abutment type.   As of 2004, there are 447 
bridges with integral abutments in New York.  Of this number, 290 have concrete superstructures and 147 have 
steel superstructures.  The longest bridge in service with integral abutments is a four span bridge with a total 
length of 350 feet.  Criteria for integral abutments are contained in the New York State Bridge Manual [7].  
NYSDOT currently limits the use of integral abutment to the following criteria: 
 

1. Bridge length to less than 650 feet.  There is no limitation on individual span length. 
 
2. Skew is limited to a maximum of 45˚. 
 
3. Abutment reveal is limited to five feet.  Abutment reveal is the dimension from the bottom of the 

girder to the finished grade under the bridge at the abutment stem. 
 
4. No curved girders. 
 
5. Maximum grade of the bridge is limited to 5%. 
 
Steel H-piles or cast-in-place concrete piles are used; however cast-in-place piles may only be used 

when the total bridge length is less than 160 feet.  Piles must be driven a minimum of 20 feet and are placed in 
pre-augured 10 feet deep holes if the bridge length exceeds 100 feet.  Steel H-piles are orientated with the strong 
axis parallel to the girders so that bending occurs about the weak axis of the pile.   Wingwalls are separated 
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from abutment stems when their length exceeds thirteen feet to minimize the bending moment caused by 
passive earth pressures.  Piles are still designed to carry vertical loads equally and there is no explicit 
requirement to consider bending moment in piles. 
 
 
FUTURE MODIFICATIONS 
 
 Modifications that are currently under construction include increasing the allowable abutment reveal 
dimension farther.  This is based on successful practice by other agencies.  Definite requirements to analyze pile 
bending at longer bridge lengths are also needed.  In addition, changing the orientation of H- piles so that 
bending occurs about the strong axis is also being considered for longer span bridges.  It is expected that the use 
of integral abutments will continue to increase as their behavior becomes better understood. 
 
SUMMARY 
 
The New York State Department of Transportation (NYSDOT) has been using integral abutment bridges since 
the late 1970's; and thus far has constructed approximately 450 integral and semi-integral abutment bridges. Due 
to their excellent in-service performance, they are the preferred abutment type for NYSDOT.  This paper gives 
the evolution of the design and construction practices. 
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INTEGRAL BRIDGES IN THE UK 
 

David C Iles 
The Steel Construction Institute 

Ascot, UK 
E-mail: d.iles@steel-sci.com 

 

Abstract:   

This paper presents a brief review of the forms of integral bridge construction commonly used for composite 
highway bridge structures in the UK.  It refers to the requirements of the highway authorities, to design 
guidance published in the UK and to data about the numbers and types of composite bridge built in the UK in 
the period 2000-2005.  It describes three principal structural configurations that are most commonly chosen by 
designers.  

 

1 INTRODUCTION 

The design and construction of bridges for the major highways in the UK is the responsibility of four 
‘Overseeing Organisations’ – the Highways Agency (in England), the Scottish Executive, The Welsh Assembly 
Government and the Department of Roads Northern Ireland.  Together, these organisations publish their design 
requirements in the form of the Design Manual for Roads and Bridges (DMRB), a large collection of technical 
documents that provide both mandatory rules (Standards) and guidance (Advice Notes).  These requirements are 
also used by the various local authorities that are responsible for highways. 

Until 1995, the DMRB requirements only covered the ‘traditional’ use of expansion joints to cater for thermal 
expansion and contraction.  As has been found in many countries, the use of expansion joints has led to 
durability problems and expensive maintenance liabilities in many cases and although these problems can 
largely be overcome by suitable detailing and timely inspection and repair, there is still a cost penalty.  In 1995, 
a new document was added to the DMRB - BD57 Design for durability.  This Standard related mainly to the 
design of concrete structural elements but it also introduced, for the first time, the direction to designers to 
consider integral construction for all highway bridges up to 60 m overall length and with skews not exceeding 
30°.  BD 57 was updated in 2001 but the simple direction in principle remains. 

To respond to the direction in BD 57, Advice Note BA 42 The Design of Integral Bridges was published in 
1996.  The Advice Note describes the movements and loads which may be used in the design of integral 
bridges, and provides requirements for some design details.  To determine the loads due to soil pressures, some 
simple rules were given in BA 42; in the light of subsequent experience those rules were modified in 2003, to 
give less conservative values of the loads; further revision is currently in hand. 

 

2 DESIGN GUIDANCE 

When BA 42/96 first became available, there was little detailed guidance on methods of analysis that were 
appropriate or on the particular configurations and details that would be effective and economic.  SCI produced 
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its first design guide on integral bridges in 1997 and followed this with two publications giving worked 
examples. 

The publications drew attention to the flexible nature of steel supports, whether acting as a retaining wall or as a 
series of ‘pile-columns’.  With a retaining wall, in either steel or reinforced concrete, it was shown that the axial 
forces developed in the deck were relatively modest, in relation to its axial strength, and were unlikely to cause 
significant change to the design of the main girders, except possibly adjacent to the end supports, where bending 
moments are induced. 

Accurate modelling of the development of soil pressures due to the displacement imposed as a result of thermal 
expansion is essential to economic design of retaining wall type integral bridges.  And, with a stiff retaining 
wall, the moments to be transferred between the support and the deck require substantial connection details.  It 
was noted that, in practice, designers were avoiding retaining wall type configurations so in 2004 SCI undertook 
a review of current practices and published its findings as Technical Report P340 in 2005.  The following text 
draws on that study and the publication. 

 

3 EXTENT OF INTEGRAL CONSTRUCTION IN THE UK 

The steelwork for the majority of highway bridges in the UK is fabricated by one particular fabricator.  This 
fabricator agreed to provide SCI with data about the sizes and types of bridge fabricated between 2000 and 
2005, identifying in each case whether the bridge was integral.  The data was analysed and an overall summary 
is presented in Figure 3.1 
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Figure 3.1 Summary of bridge types by date 

It can be seen that the proportion of bridges that are ‘integral’ has increased significantly in this period and now 
accounts for about half of the total bridge construction.  Generally, the bridges being built as ‘non-integral’ are 
either long or highly skewed.  The direction given in BD 57 is thus being generally observed, though it was 

14



© The Steel Construction Institute  

noted from the data that the mean length of the ‘integral’ bridges was close to the 60 m ‘limit’ – lengths up to 80 
m were common and a few bridges had lengths over 100 m. 

 

4 BRIDGE CONFIGURATIONS 

4.1 General 
In the UK, composite highway bridges of modest span and overall length are usually of one of two structural 
forms – multi girder bridges and ladder deck bridges.  Multi-girder bridges typically have several longitudinal 
plate girders at about 3.5 to 4.0 m centres, with a deck slab of about 250 mm thickness compositely connected to 
the top flanges.  Ladder deck bridges have two longitudinal girders and cross girders between them at about 3.5 
m spacing; the deck slab acts compositely with the cross girders and with the main girders. 

Integral construction is being used for both multi-girder bridges and ladder deck bridges. 

To understand which particular structural configurations are currently being chosen by designers, SCI sought 
information from members of the Steel Bridge Group (a technical forum in the UK, composed of senior 
designers and constructors).  The results were presented in P340 and are summarized below. 

4.2 Integral bridge configurations 
Document BA 42/96 defined an integral bridge as “a bridge with integral abutments’ and an integral abutment 
was defined as a “bridge abutment connected to the bridge deck without any movement joint for expansion or 
contraction of the deck”.  Seven different types of integral abutments were illustrated diagrammatically; some 
where the abutments retain full height fill or embankment, some with shallow height end screen walls in front of 
which there is a normal earth slope. 

Configurations most commonly referred to as ‘fully integral’ are essentially a portal frames. There is full 
moment continuity between the deck beams and the supporting structure at the ends.  The supporting structure is 
founded well below the beams.  Thermal expansion and contraction of the deck beams give rise to horizontal 
displacements at the top of the supporting elements, but at the base of the supports movement relative to the 
soil; the supporting elements must therefore flex.  In such a portal frame the end supports may either act also as 
a retaining wall, or may take the form of a spill-through abutment, using a small number of discrete columns or 
piles entirely buried in soil.  The presence of intermediate supports, in a multi-span bridge, does not alter the 
basic portal-type configuration. 

In practice, there have been very few fully integral retaining wall abutments used with composite decks; 
designers have preferred to use endscreen walls supported on a small number of piles.  See further discussion in 
Sections 5. 

Another configuration often referred to as ‘fully integral’ that has been used in many cases is that of an 
endscreen wall sitting directly on the soil.  This is a form of bankseat foundation – see further discussion in 
Section 6. 

The third configuration that has been commonly used is not strictly an integral bridge; it is often referred to as a 
‘semi-integral bridge’.  This arrangement has an endscreen walls that is separate from the foundation; the deck 
is supported on bearings in front of the wall.  This arrangement is discussed in Section 7. 
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5 FULLY INTEGRAL BRIDGES - ENDSCREEN WALLS ON PILES 

In this form of construction, the endscreen walls are supported on columns or piles that are fully moment 
connected to the wall, thus forming a portal frame in elevation.  In principle, any type of bearing pile, including 
steel H piles, can simply be driven into the ground and the end screen wall cast around the tops of the piles.  In 
practice only a small number of bridges have been built with H piles.  Where construction has used H piles, they 
have usually been encased in a pilecap just below the bottom of the main girders.  Plates for temporary bearings 
are set into the pilecap and the endscreen wall is completed later, after the deck steelwork has been erected and 
the deck slab cast. 

Instead of H-piles, a more common solution has been to use reinforced concrete columns, with the tops of the 
columns cast into the lower part of the end screen wall.  Again, plates are set into the top of the lower part of the 
wall and the upper part cast only after the deck has been cast. 

The arrangement of this form of bridge at the abutments is as shown in Figure 5.1, where there are conventional 
earth slopes in front of the abutment, or as shown in Figure 5.2, where reinforced earth is used with a vertical 
facing.  Load effects due to expansion/contraction and flexure of the piles associated with bending of the beams 
can be modelled, with care, using a 3D frame model1.  

 

Endscreen
Temporary bearing

End diaphragm

Pile cap

Pile (RC or H-pile)

Sleeve (if needed)

 

Figure 5.1 Fully integral bridge on piled foundation – normal earth slopes 

 

                                                 
1 The deck can be modelled as a conventional grillage, but it is essential to represent the physical depth and stiffness of the end 
diaphragm in order to obtain realistic pile head displacements/rotations. This is because as well as the horizontal movements induced 
by shrinkage and thermal expansion/ contraction, the pile head will also kicked out with rotation of the end diaphragm.  Pile bending 
moments are induced by the horizontal displacement and rotation of the pile head at the underside of the diaphragm, so it is essential 
that the global analysis model captures this behaviour as realistically as possible.  In the global model the piles can be modelled either 
with lateral springs along their length or as an ‘equivalent cantilever’, of length and stiffness determined from a soil structure 
interaction analysis using an appropriate pile analysis program.  Where piles are inside rings or pipes, there is no need to model the 
soil resistance over that length. 
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Reinforced earth
retaining wall

 

Figure 5.2 Fully integral bridge on piled foundation – reinforced earth retaining wall 

 

Generally, piles need to be as flexible as possible in bending.  This leads to the use of small, heavily reinforced, 
concrete columns/piles (circular or square section) or heavy serial size H piles. 

Although the soil resistance to the longitudinal displacement of the piles (due to expansion and contraction) is 
modest, many designers have chosen to avoid this interaction, and the tendency to create ‘post holes’ around the 
piles, by creating an annular space around the piles, between the underside of the endscreen wall and original 
formation level (or the level of the roadway below).  This is achieved by forming sleeves of precast concrete 
manhole rings around the piles or, for smaller piles, of polythene or UPVC piping.  The buckling resistance of 
the pile over the length within the annulus then needs to be considered and the durability of the columns in this 
open space must also be assessed.  As well as making appropriate allowance for corrosion (or checks on crack 
widths), some technical approval authorities require provision for the annulus to be inspectable (by boroscope or 
similar instrument) – this can be achieved by providing a duct from the endscreen wall. 

 

 
Figure 5.3 RC columns in manhole rings for framed abutment 
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Where sleeves are provided, they are not filled (or there would be no benefit at all in providing them) and must 
be disconnected from the endscreen wall at the top (or they will be dragged sideways by any movement); a 
movement interface has to be created.  Careful detailing is needed to ensure that the top of the annulus is sealed 
against soil ingress.  During construction, backfilling is carried out carefully, so as not to displace the sleeves 
and make contact with the pile. 

Where reinforced earth abutments are used, one alternative to surrounding the piles with fill that has been 
employed is to locate the piles in front of the reinforced earth wall, as shown in Figure 5.4. 

 

 

Figure 5.4 Skeletal abutment alternative with reinforced earth retaining wall 

 

With each of the above alternatives, the lower part of the endscreen wall forms a capping beam to the piles.  The 
top of this capping beam is a construction joint for the casting of the remainder of the wall around the main 
girders.  The main girders sit on this interface and are usually supported on ‘temporary’ bearings, such as shown 
in Figure 5.5.  A pocket is left for the casting-in of a seating plate, which can be accurately levelled to suit the 
girders.  Temporary restraint of the main girders, both laterally and longitudinally, needs to be provided, since 
the simple bearing detail does not provide restraint. 

 

 

 

Figure 5.5 Temporary bearing details 
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Moment continuity from the main girders is achieved by the use of shear connectors on both flanges of the main 
girders, sometimes also on the webs of the girders, and sometimes by passing reinforcement through the webs.  
Hoops are used because they have greater shear resistance.  Shear connection on the underside of the bottom 
flange should be avoided, because it causes difficulties during construction. 

 
 

Figure 5.6 Typical girder end detail 

Where reinforced concrete piles are used, moment continuity requires that the pile reinforcement extends well 
into the endscreen wall.  Continuity from H piles also requires significant length of embedment; shear 
connectors can be used to enhance the load transfer but are difficult to weld after driving.  (An alternative that 
avoids welding in situ is the use of plunge columns, lengths of H pile cast into the top of a bored/cast in place 
concrete pile.) 

The upper capping beam is usually quite heavily reinforced.  Where there are tie beams between the main 
girders, care has to be taken in detailing, to avoid congestion and to avoid creating difficult fixing details.  An 
alternative that is sometimes used to avoid this conflict is to use bracing just in front of the endscreen wall. 

 

  

Figure 5.7 Typical reinforcement details in endscreen wall 
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Concreting the upper part of the diaphragm wall after the deck slab will ensure that there is no moment 
transferred into the piles/columns due to concrete dead load. 

 

6 FULLY INTEGRAL BANKSEAT BRIDGES 

As an alternative to the creation of a portal frame, an integral bankseat bridge has end support abutments that are 
fully integral with the deck beams, but which are able to slide and rotate on the soil.  Since the interface between 
the structure and the soil has to accommodate sliding (due to the thermal expansion and contraction) and 
rotation (due to the bending of the deck beams), the soil bearing pressures has to be limited to less than the 
normal ‘static’ values, to avoid the risk of degrading the bearing strength (see BA 42). 

Figure 6.1 shows a typical arrangement for a integral bankseat bridge.  It is only appropriate where a retaining 
wall is not required.  The ‘endscreen wall’ extends the full width of the road formation.  The allowance for 
movements between structure and pavement at road level would need to be similar to that with a fully integral 
bridge, either behind the abutment or at the end of the approach slab. 

The Figure also shows provisions for drainage behind the endscreen wall and an asphaltic plug joint in the 
pavement.  (Similar details are required behind the framed abutment configuration described above.) 

For short bridges (up to 18 m overall length), these bank seats can sit on top of a reinforced earth wall (see 
BD 70, clause 6.1). 

 

 

Figure 6.1 Integral bankseat abutment 

Provisions similar to those for framed abutments are required for load transfer from the main girders.  Shear 
connectors are needed on the main girder and the reinforcement in the endscreen wall is quite heavy.  
Temporary bearings are used to support the main girders, as for framed abutments. 
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7 SEMI-INTEGRAL BRIDGE 

In this configuration there is an ‘endscreen wall’ that is integral with the deck beams, but the wall does not 
provide support to the beams.  Support is provided from some other structural arrangement, and with bearings 
that accommodate horizontal displacement.  

As such, this form is not strictly an ‘integral bridge’, hence the commonly used description ‘semi-integral 
bridge’, but it does eliminate the conventional expansion joint details (between bridge deck and abutment) and 
this configuration is one that is covered by BA 42. 

Figure 7.1 shows a semi-integral bridge supported on a simple bankseat.  A piled bankseat or a retaining wall 
type support could alternatively be provided.  In either case, the supporting structure is not displaced or 
subjected to rotation by the movements of the deck beams: the usual soil bearing pressures can be mobilised and 
there is no need to design for flexure or temperature effects. This type of bankseat can sit on top of a reinforced 
earth retaining wall (see BD 70). 

The movement joint between the bankseat and the underside of the endscreen wall does merit careful 
consideration.  The vertical interface in the arrangement shown in the Figure can be relatively easily filled (and 
replaced in time) with a flexible filler but is rather difficult to construct.  A more simple interface, between 
horizontal surfaces (with no vertical step) is easier to construct but may be more demanding on the filler detail.  
Also, although a drainage layer similar to that for the bankseat integral bridge is shown, the upper part is 
displaced by the expansion/contraction of the bridge and must de detailed accordingly (possibly with a flexible 
layer between it and the wall). 

 

Endscreen

Sliding bearing

Footing

 

Figure 7.1 Semi integral abutment 

 

The connection between girders and the endscreen wall can be achieved by the use of an end plate and shear 
connectors.  The endscreen wall will provide lateral and torsional restraint to the beams in service but some 
form of tie or bracing will still be required during construction.  Examples of endplate connections are shown in 
Figure 7.2 
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9 

Figure 7.2 Girder end details, semi integral abutment 

 

Since conventional bearings are used, provision for bearing replacement must be considered.  It is relatively 
straightforward to add stiffeners at jacking positions on the girders and to make space on the bearing shelf for 
jacks but the consequence on the retaining wall and pavement must also be considered.  Vertical movement of 
about 5 mm is needed to remove mechanical bearings and about 10 mm for elastomeric bearings.  A flexible 
layer between endscreen wall and backfill has to be provided to accommodate this movement and it must be 
recognised that the asphaltic plug joint will need to be renewed at the time the bearings are replaced. 

 

8 INTERMEDIATE SUPPORTS 

An integral bridge is necessarily continuous over intermediate supports (there are to be no provisions for 
movement joints at these locations) but is not normally integral with the columns or piers beneath (BA 42/96 
clause 2.15 states that “Intermediate supports of integral bridges can be designed to move horizontally with the 
superstructure or with a bearing which allows lateral movement beneath the deck.”).  The girders simply sit on 
ordinary bearings. 

In rare cases a reinforced concrete crosshead has been used to achieve continuity with columns but this requires 
substantial shear connection to the main girders and temporary support of the main girders while the crosshead 
is being cast.  It is not normally economic.  
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9 SKEWED INTEGRAL BRIDGES 

BD 57 says that integral construction should be considered for skews up to 30°.  The survey of recent practice 
revealed that that designers are designing fully integral bridges with skews up to or slightly above this value but 
semi-integral bridges are rarely designed with skew above about 20°. 

With semi-integral bridges there is less restraint from the soil to the lateral component of earth pressure on the 
endscreen wall; restraint will have to be provided by guided bearings; they would need to be designed for these 
restraint forces. 

 
 

Figure 9.1 Soil pressures tending to cause plan rotation of the bridge deck 
 

10 PAVEMENT AT THE ENDS OF THE BRIDGE 

At the transition between the surfacing on the bridge deck and the pavement beyond the bridge, 
expansion/contraction is usually accommodated by an asphaltic plug joint.  The maximum total movement 
range for such joints is stated in BD 33 as 40 mm, which effectively limits the length of an integral bridge to 80 
m (the design thermal strain given in BA 42 is ±0.0005). 

The use of approach slabs would move the location of the plug joint away from the endscreen wall (with 
potential benefit, should there be significant failure and leakage of the joint) but there are difficulties in 
designing satisfactory approach slabs and they are not currently favoured by most of the highway authorities. 

Wing walls are usually entirely separate structures, so allowing relative movement between abutment and wing 
wall.  If there is little skew, they are sometimes joined to the endscreen wall, aligned as a continuation of the 
bridge deck parapet line (i.e. in the direction of bridge deck movement) and kept as small as practicable. 

 

11 REFERENCES 

The following documents are part of the Design manual for Roads and Bridges (DMRB) and may be 
downloaded from: www.standardsforhighways.co.uk/dmrb. 
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BD 33/94 Expansion Joints for Use in Highway Bridge Decks 

BD 57/01 Design for Durability  

BD 70/03 Strengthened/Reinforced Soils and Other Fills for Retaining Walls and Bridge Abutments: Use 
of BS 8006: 1995 (Incorporating Amendment No 1, Issue 2 March 1999) 
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HAAVISTONJOKI BRIDGE FIELD TESTS  
 

Olli Kerokoski  
Ramboll / Institute of Earth and Foundation Structures, Tampere University of Technology 

olli.kerokoski@tut.fi 
 

1 INTRODUCTION 
In the presented study the main subjects of interest in an integral abutment bridge were: earth pressures after 
cyclic abutment displacements and the behaviour of abutments, piers and steel pipe piles. Also the approach 
embankment temperatures were monitored. The instrumentation of Haavistonjoki Bridge was completed in 
autumn 2003. The data were collected by monitoring altogether 191 gauges installed in the bridge structures 
during construction. The instrumentation was used to measure, for instance, the abutment's horizontal 
displacement, abutment rotation, abutment pile strains, earth pressure behind abutments, pier strains, 
superstructure displacements, frost depth, air temperature as well as thermal gradients in the superstructure next 
to abutment piles and in the approach embankment. Haavistonjoki Bridge is a 56 m long continuous 3-span slab 
bridge. The bridge is unskewed and totally jointless. The instrumentation showed, for example, that the vertical 
strains inside large steel pipe piles below an integral abutment follow the horizontal abutment displacements. 
The measured earth pressures on the bridge abutments were quite high because the backfill was well compacted 
and the values calculated with a soil modulus of elasticity Ed = 250,000 kPa corresponded best to the measured 
values. 

 

2 SUPERSTRUCTURE AND SUBSTRUCTURE 
 
Haavistonjoki Bridge in Finland is a 56 m long continuous 3-span slab bridge. Total length of the three spans is 
50 m. Total width of the lanes is 11 m and the thickness of the deck slab is 860 mm. The bridge is unskewed 
and totally jointless. The approach slab, called a transition slab, is located within the approach embankment. The 
5 m long transition slab is attached horizontally to the abutment with dowels, which allow horizontal 
movements. 
 
Four piers and two abutments support the reinforced concrete deck according to Figure 1–Figure 3. Eight steel 
pipe piles of diameter d = 711 mm and wall thickness t = 14 mm support the piers and the abutments. The piles 
are filled with reinforced concrete.  
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Figure 1 Haavistonjoki Bridge immediately after construction. 
 

 

Figure 2 Haavistonjoki Bridge on Highway number 9 between Tampere and Jyväskylä. Side view. The 
transition slab is within the embankment. The support labels beginning from the Orivesi or western end 
were T1–T4 (Laaksonen 2004). 
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Figure 3 Haavistonjoki Bridge. Cross-section. 
 
The connection between the abutment and the transition slab was constructed with vertical dowels on the upper 
surface of the supporting cantilever according to Finnish typical drawing R15/DL 2 (Finnra. 1999). The 
properties of the steel dowels were: diameter 25 mm with 1000 mm distance, length 570 mm. The properties of 
the corresponding recesses for the dowels made with plastic tubes were: diameter 40 mm, length the same as the 
thickness of the transition slab. Theoretically, the dowels permitted 8 mm movement to both longitudinal 
directions. 
 
The replacement fill area and some site investigation results are illustrated in Figure 4. The properties of the silt 
have been evaluated based on weight sounding test (SGY 1980) results. 

γ

 

Figure 4 Earth pressure cells and strain gauges of Haavistonjoki bridge pier T3. Location of long steel bars in 
approach embankment. Basic soil material data. Replacement fill area: unit weight    γ = 20 kN/m3 and 
friction angle φ = 42°.  
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3 FIELD TEST PROGRAMME 

3.1 Overview 
 
The field test programme for Haavistonjoki Bridge was composed at Tampere University of Technology under 
the name ‘Haavistonjoen silta: Koeohjelma 28.4.2003’. The designed research equipment was manufactured at 
the TUT laboratory by the staff of the Institute of Earth and Foundation Structures or at nearby engineering 
workshops. The staff of the same institute also installed all the gauges and data loggers. 
 
The bridge was constructed and instrumented in the summer of 2003. The test programme included 191 gauges, 
from which the data-logger automatically collects data to a computer every 15 minutes for at least the years 
2003–2008. 

3.2 Displacements 
 
One of the most important reasons for instrumenting Haavistonjoki Bridge was to study the cyclic 
displacements of the whole bridge and the longitudinal changes in bridge length. The plan was to monitor them 
and pier displacements by a tacheometer at the bridge site. The changes in bridge length were also measured by 
installing laser distance-meter equipment between the opposite abutments (Laaksonen 2004).  
 
Abutment displacements and rotations were observed by installing ten long steel bars at three levels through the 
eastern abutment (see Figure 4) and at two levels through the western abutment. These bars were anchored to 
the embankment.  
 
The displacement between abutment and transition slab was measured with typical displacement gauges.  

3.3 Earth pressures 
 
Twelve earth pressure cells were installed on the outer surface of the abutments to measure the earth pressures 
in the interface between the abutment and the embankment. The cells were embedded in the concrete facing 
outward. The eastern abutment had ten earth pressure cells and the western abutment two. The earth pressure 
cell locations are presented in Figure 5 and in Figure 6.  
 

 

Figure 5 Earth pressure cells and their labels on eastern bridge abutment (T4). The western abutment (T1) had 
cells at locations J (labeled V) and M (labeled W). 
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Figure 6 Installation of abutment earth pressure cells prior to approach fill construction. 
 
Earth pressures at the interface between the pier and the surrounding soil were also measured in the direction of 
the bridge at two piers. 

3.4 Strains 
 
The following structural strains were measured with strain gauges:  

− Strains within the piers were measured in the direction of the bridge in the upper and lower parts at both 
surfaces of the pier.  

− Strains at the top and bottom surface of the bridge deck slab and the eastern transition slab. 
− Strains on the surface of the abutment piles and at the reinforcement level of the eastern abutment in the 

vertical direction. 

3.5 Temperatures 
 
Several temperature gauges were installed to measure concrete temperatures, embankment temperatures and air 
temperatures. 

4 FIELD TEST RESULTS  
 
The main results of the Haavistonjoki Bridge field tests are illustrated in the following figures. The focus is on 
the period between 11.2.–15.2.2004 when the greatest changes in bridge behaviour took place due to a large air 
temperature increase.  
 
Figure 7 shows the measured earth pressure changes and measuring points. 
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Figure 7 Measured earth pressure changes for bridge abutment T4 between 11.2.–15.2.2004 at earth pressure 
cells H–Q [kPa] (Kerokoski et al 2005a). 

 
The average earth pressure according to the five cells at the abutment centre was 80 kPa. The height of the 
vertical part of the abutment under the transition slab is only about 1.2 m. There is a point of discontinuity both 
under the cells and directly above the cells. The bottom of the transition slab support is inclined. The bottom of 
the transition slab adjacent to the abutment is at a depth of 0.75 m. 
 
Observed earth pressures were smaller at the cells near the wing walls than at the centre of the abutment. The 
embankment is less stiff at the edges. In addition, the wing walls as rigid abutment members transferred part of 
the deformations and stresses into the embankment. The distance from the earth pressure cells H, P, I, and Q to 
the inner surface of the wing wall is about 1 m. 
 
During the coldest period, all the earth pressures against the centre of abutment T4 were zero, and non-zero 
earth pressures were measured only at abutment T1 and near the wing walls at abutment T4. The probable 
reason for the observed lack of earth pressure was a gap at the abutment–soil interface during the coldest winter 
days. The gap was also verified manually with the movable steel plate and bar through the abutment. The 
movement of the plate between the soil and the abutment was observable but not large, that is, less than 1 mm.  
 
Obviously, the general variation between individual earth pressure cells was a result of variations in soil density.  
 
Figure 8 shows the earth pressure changes and bridge temperatures during 10.2.–16.2.2004. The earth pressures 
during these six days followed temperature changes, increasing as temperature rose.  
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Figure 8 Measured changes in average bridge temperature and earth pressures on bridge abutment between 
10.2.–16.2.2004 at earth pressure cells H–W [kPa]. Cells V and W located at abutment T1 (Kerokoski 
et al 2005a). 

 
The average modulus of lateral subgrade reaction based on average earth pressure change and abutment 
behaviour during 11.2.–15.2.2004 at the five earth pressure cells at the abutment centre was ks = 80 kN/m2 / 5.2 
mm = 15 MN/m3.  
 
Earth pressures were quite small during the first autumn after the construction of the bridge. According to 
Figure 9, earth pressure amplitude due to thermal displacement cycles increased clearly only after the coldest 
period of the winter in December 2003. The probable causes for the large earth pressure changes after that were 
the non-reversible deformations within the approach embankment. The observed temperatures in the abutment 
embankment, 2.4 m from the abutment, were below zero (°C) only down to a depth of 1 m from the surface on 
1.2.2004. Certainly, the temperatures next to the earth pressure cells have been lower than the temperatures 
inside the massive embankment soil, and frozen soil has been stiffer than unfrozen soil. 
 

43



-20

0

20

40

60

80

100

120

140
26.9.03 24.10.03 21.11.03 19.12.03 16.1.04 13.2.04

Ea
rth

 p
re

ss
ur

e 
[k

N
/m

2 ]

-20

-15

-10

-5

0

5

10

15

Te
m

pe
ra

tu
re

 [°
C

]

K N O Q Deck temperature  

Figure 9 Measured changes in average bridge temperature and earth pressures on bridge abutment at support T4 
during 26.9.2003–29.2.2004. 

 
According to Figure 10, earth pressure changes at support T1 remained small also during 1.3.2004–31.8.2004. 
Yet, the lateral subgrade reaction coefficient at abutment T1 was greater due to the much smaller longitudinal 
abutment displacement. At support T4 after 1.4.2004 the adjacent earth pressure cells L and O at the lower 
centre of the abutment began to act similarly. The lowest earth pressures during the summertime at support T4 
were at the edges of the abutment, that is, at earth pressure cells H, I, P and Q. The highest earth pressures did 
not develop in the middle of the summer of 2004 but in May and August. Pressure was higher even in the 
middle of March before the embankment started to warm up than in mid-summer.  
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Figure 10 Measured changes in average bridge temperature and earth pressures on bridge abutments at 
midnight during 1.3.2004–31.8.2004. 

 
During winter 2004/2005, the observed earth pressure changes during large deck temperature changes were a 
little smaller than a year before. Consequently, the embankment soil under the transition slab did not get more 
compacted and stiffer after the cyclic movement of the soil nor did the soil return completely to its original 
location. That can be stated based on the observations of the abutment movement and the corresponding earth 
pressures. 
 
The starting point for all the measured values was 3.10.2003 at 00.00 hours, and all the measured changes after 
that are compared to values of that date. Consequently, the absolute values from the presented measurement 
periods may be negative or especially high compared to the values at 3.10.2003. In those cases only the 
variations are relevant. The observations revealed some drift in strain gauges on steel pipe piles and some 
reinforcement bars. Consequently, only the short time observations are reliable, not the exact values over long 
time periods. 
 
Figure 11 illustrates the measured horizontal abutment displacements at support T4 below the transition slab and 
the corresponding earth pressure changes at pier T3. The earth pressure increase varied between 16–20 kPa at 
cells F and G during 11.2.–15.2.2004. 
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Figure 11 Measured horizontal abutment displacements at support T4 under the transition slab and 
corresponding earth pressure changes at Haavistonjoki bridge pier T3 in February 2004 (Kerokoski et 
al 2005a). 

 
Figure 12 illustrates the measured stress variation on the surface of the steel pipe pile during February 2004 at 
support T4. The absolute stress values must be disregarded. The pile was the northern one. Level III was located 
4 m under the abutment bottom. The observed stress change in steel pipe pile during 11.2.–15.2.2004 was Δσ = 
14 MPa. 
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Figure 12 Strain variation on the surface of steel pipe pile during February 2004 and corresponding deck 
temperatures (Kerokoski et al 2005b). 

 
The observed stress change in steel pipe pile at support T4, location 2, level II during 11.2.–15.2.2004 was Δσ = 
8 MPa. The pile was the southern one. Level II was located 6.35 m under the abutment bottom. In spite of these 
logical observations, all strain gauges on piles did not function properly and large long-time drifts were 
observed. It is recommended that the strain gauges of subsequent field tests be installed within the piles near the 
main reinforcement bars. 
 
The manually measured displacements during 18.9.2003.–22.4.2004 at support T4 are illustrated in Figure 13.  
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Figure 13 Measured displacements on two levels at support T4 during a seven-month observation period 
(Laaksonen 2004). 

 
Bar 4 is located above bar 5 and bar 13 above bar 14; the vertical distance between them is 1210 mm.  
 
Abutment displacement changes according to measuring bars 4, 5, 13 and 14, respectively:  

- during 15.1.2004–11.2.2004: -5.6, -4.9, -6.1 and -5.3 mm. 
- during 11.2.2004–19.3.2004: +6.9, +5.5, +7.4 and +6.0 mm. 

 
Abutment rotations at locations 4 (5) and 13 (14), respectively:  

- during 15.1.2004–11.2.2004 horizontal displacement changes were -0.7 mm and -0.8 mm and rotation 
changes were -1/1729 and -1/1513, 

- during 11.2.2004–19.3.2004 the horizontal displacement change was +1.4 mm and the rotation change 
was 1/864. 

 
The measured average deck temperatures were: 

- on 15.1.2004: -3.2 °C 
- on 11.2.2004: -12.2 °C 
- on 19.3.2004: +2.5 °C 

 temperature difference during 15.1.2004–11.2.2004 was -9.0 °C, 
 temperature difference during 11.2.2004–19.3.2004 was +14.7 °C. 

 
During 11.2.–15.2.2004 the average bridge temperature increased 12°C, which should have caused the whole 
bridge structure length, about 50 m, to increase 6 mm. Yet, the measured displacement 750 mm above the 
abutment bottom at support T4 was 5.4 mm. Thus, thermal expansion was not at all symmetrical, and 
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displacements due to thermal expansion at opposite abutments varied remarkably. Abutment T1 was much 
stiffer than abutment T4, and occasionally the expansion length of a 50 m long bridge was more than 40 meters 
(see Figure 14). Accordingly, Haavistonjoki Bridge was an appropriate choice for field tests considering the 
abutment–soil behaviour, although the total length of the bridge was not large. 
 

THERMAL EXPANSION LENGTH
CENTRE OF THERMAL MOVEMENTS

 

Figure 14 Variation of position of centre of thermal expansion. 
 
Stress changes in vertical reinforcement at intermediate support T3 are presented in Figure 15. Bars 2 and 17 are 
located 1.1 m below the deck bottom and bars 3 and 4 are 9.5 m below the deck bottom within surrounding soil. 
Bars 2 and 4 are at the eastern side of the pier and bars 3 and 17 at the opposite side. The largest reinforcement 
stress variation based on deck temperature change and consequent deck expansion occurred during 7.2.–
14.2.2004 considering also the tension or compression stresses corresponding to the typical bending moment in 
this kind of frame structure. At low temperature changes, the effects of slow temperature changes at the pier 
intersection have to be considered in pier behaviour evaluation. 
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Figure 15 Variation in reinforcement bar stresses in northern pier at support T3 (Kerokoski et al 2005b). 
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Stress changes in vertical reinforcement near the outer surface of eastern abutment, support T4, are presented in 
Figure 16.  
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Figure 16 Stress changes in vertical reinforcement at eastern abutment in February 2004. Bar 33 (lower diagram 
in figure) is situated above a pile and bar 37 at the centre of abutment. Stresses began from zero on 
3.10.2003 (Laaksonen 2005). 

 
According to the above diagram, the observed stress change in the reinforcement bar during 11.2.–15.2.2004 
was: 
 
 Average stress change = Δσs = 7 MPa. 
 
The stress change in concrete adjacent to the reinforcement bar is (Ec / Es) * Δσs = (31,623/210,000) * 7 MPa = 
1.05 MPa. The corresponding bending moment at an uncracked concrete intersection would be M = σc*Ic/y = 
1050 kN/m2 *0.144 m4/m /0.55 m = 280 kNm/m. 
 
During 11.2–15.2.2004 the measured stress changes in vertical reinforcement bars 1.6 m below the deck bottom 
within the piers at intermediate support T3 were: 
  
- gauge 2: Δσs = -18 MPa, 
- gauge 8: Δσs = -10 MPa, 
- gauge 17: Δσs = +14 MPa, 
- gauge 7: Δσs = +12 MPa. 
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Gauges 2 and 8 are in adjacent piers on the abutment T4 side and gauges 17 and 7 are in the same piers on the 
middle span side, respectively. The average of the absolute values was 13.5 MPa. The corresponding concrete 
stress change was Δσc = 2.0 MPa. 
 

5 CONCLUSIONS  
 
The Haavistonjoki Bridge was extensively instrumented in the summer of 2003. The data of all the gauges after 
the construction time was collected in every 15 minutes. The long-term follow-up of the bridge behaviour will 
continue at least until 2008.  
 
During the coldest period all the earth pressures against the centre of the abutment were zero. The reason for the 
observed lack of earth pressure was the gap at the abutment – soil interface during the coldest winter days. The 
manually measured gap was about 0.5 mm. 
 
The average earth pressure change during five days in February 2004 according to the five cells at the abutment 
centre was 80 kPa. The measured earth pressures on the bridge abutments were quite high because the backfill 
was well compacted. The earth pressures were smaller at the cells near the wing walls than at the centre of the 
abutment.  
 
The highest earth pressures were not observed in the middle of the summer but in May and in August and even 
in the middle of March before the embankment had began to get warm. 
 
According to the observed Haavistonjoki Bridge abutment displacements the displacement at the bottom of the 
abutment was 60… 75 % of the displacement at the top of the 2,4 m high abutment. Consequently, the earth 
pressure distribution against the abutment can be concluded partly according to a horizontally transferring wall 
and partly according to a rotating wall. 
 
The displacements at the opposite abutments due to thermal expansion varied remarkably because of a different 
abutment stiffness. Occasionally the longer expansion length of a 50 m long bridge was more than 40 meters. 
 
The bending moment of a large-diameter abutment pile was distinctively related to the horizontal movement of 
the abutment. The stress changes in vertical reinforcement at an intermediate support supported the conclusions 
based on other observations.  
 
The research project is still unfinished (May 2006). The further field tests during the ongoing project will 
concern e.g. skew abutments, long-term behaviour of an integral bridge, and bridge behaviour during vehicle 
braking (tested in October 2005, report unfinished). 
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1 INTRODUCTION 
Bridges are of vital importance for European infrastructure. Due to their significance in the political economy 
the request for highly advanced and economic structures is obvious. Additionally, the costs for maintenance of 
bridges are an ever-growing problem for national road administration agencies. 

Experience from e.g. Sweden and United States shows that bridges with integral abutments are increasingly 
outclassing the traditional bridges with joints, because the former being not only less expensive to maintain, but 
also more affordable to build. 

2 EU PROJECT INTAB 
The RFCS-research project INTAB (“Economic and durable design of composite bridges with integral 
abutments”) investigates on this upcoming innovative bridge type and aims on promoting composite bridges 
with integral abutments [49]. The major objectives of the project are the elaboration and development of cost 
effective, environmental friendly and sustainable bridge structures and the improvement of their durability to 
obtain competitive composite bridges. 

The research project is conducted in cooperation with RWTH Aachen University (coordinator), Luleå 
University of Technology, University of Liege, Arcelor Profil Luxembourg S.A. and Ramböll Sverige AB. 

2.1 Economic analysis 
In the 1st step, the knowledge on composite bridges with integral abutments under service is extended [31]. 
Solutions in area of current practice are identified [8, 16, 23, 28]. Focus is drawn on major components like 
abutment, approach slab [2, 3, 4], piles [5, 6, 7], wingwalls [5, 8], superstructure [3, 9, 10, 11] and bridge deck 
[12, 13, 14], geometry [4, 8, 15, 16, 29] and loading [17]. Great importance is drawn to the soil behind the 
abutments as well [18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 30]. Different approaches for considering the soil 
pressures on abutments are investigated. In detail, a spring-based approach will be compared to a conventional 
earth pressure model. 

Furthermore, the database for already known critical details is increased. A damage catalogue will be compiled, 
highlighting typical damages occurring at bridges with integral abutments in the long run. 

Then, an economic analysis is carried out to visualise the excellent performance of integral bridges depending 
on their field of application. Here, the advantages of integral bridges compared to conventional bridges are 
summarised. 
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The analysis is based on Tlustochowicz’s master thesis [1], in which the costs of a Swedish bridge with integral 
abutments (integral design) are compared with the costs of the same bridge without integral abutments (ordinary 
design). This analysis is revised and extended by studies on bridges in other European countries. 

2.2 Monitoring 
As the interaction between structure, abutment and subsoil highly influences the behaviour and design of 
composite bridges with integral abutments, it is essential to enlarge the knowledge on this interaction to enable 
design verification according to EC-requirements. The behaviour is mainly depending on the local conditions of 
the construction site. 

The following aspects are of particular interest: 
– horizontal and vertical deflections under different loads, at different construction stages, during lifetime, 
– required ductility of overall structure, 
– limitations e.g. for span length, super-elevation, 
– temperature-dependent stresses in the connection details. 

Firstly, literature will be collected and analysed [36, 38, 50]. Based on the experiences and conclusions of 
earlier tests, in-situ measurements will be carried out on two bridges to widen the basis for further research. The 
24-month-monitoring will be upgraded by FE-simulations to check the influence of parameters e.g. soil 
stiffness. 

Additionally tests with an inspection vehicle will be performed on both bridges. 

2.2.1 Monitoring by RWTH Aachen University 
The bridge monitored by RWTH Aachen University is a composite pedestrian bridge crossing the railway track 
between Aachen and the Belgium border. The bridge will be constructed in summer 2007. It has an overall 
length of 59.2 m, a single span length of 32.0 m and 26.0 m respectively and a width of 4.5 m. The construction 
will be finished in summer 2007. 

 

 

Fig. 1: Bridge crossing the railway track near Aachen (Germany) 

In order to investigate the behaviour of the bridge response to certain actions, the actions and associated 
responses are measured, recorded and analysed. 

Here, actions on the bridge are 
– traffic, 
– temperature (time-variation during one day / one year), 
– active earth pressure. 
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Monitored responses of the bridge are 
– movement of the abutments, 
– movement of the superstructure, 
– strains in the main girders. 

For these purposes the following measuring equipment will be installed on the bridge (see Fig. 3, Fig. 4). 

 

 

Fig. 2: Monitoring equipment for the abutment 

 

Fig. 3: Monitoring equipment for the superstructure 

Table 1: Measuring devices 
device identity 

pressure sensors abutment 1 1 
laser (distance sensor) 2 
inclinometer 3 
displacement transducer abutment 1, 2 4 
strain gauges main girder 7 
temperature sensor 8 
accelerometer 9  

 

Particular importance will be drawn to the horizontal stiffness of the midspan support and the location of the 
resting point of the bridge which is unknown in the design phase. The temperature distribution in the slab will 
not be measured directly but simulated by means of FEM – analysis. 
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2.2.2 Monitoring by Luleå University of Technology 
The bridge monitored by Luleå University of Technology is the Leduån Bridge, which is located south of town 
Umeå, Sweden, close to road E4 and in a region with a relatively low level of traffic. The single span bridge is 
designed by Ramböll. It has a span of 40 m and a width of 5 m. The superstructure is compound of a composite 
steel-concrete beam. So far this is the longest bridge with integral abutments build in Sweden. 

Start of construction was spring 2006, completion date is summer 2006. 

Effects from short term loading and long term loading, traffic load and seasonal temperature variation 
respectively will be measured. Following equipment is installed for the bridge monitoring: 

 

Table 2: Proposed equipment for the bridge monitoring 
position device / model quantity identity 

At mid-span    
Temperature sensors (T) Cu/Kon 4 1 

Strain gauges (FTG) Kyowa KHCX-10-120-G13-
11 2 2 

At the support    
Displacement transducers, 
LVDT Welwyn HS25B (25 mm) 2+2 3 

Strain gauges (FTG) Kyowa KHCX-10-120-G13-
11 10+10 4 

Data acquisition system    
Logger MGC-plus Total 32 channels     

 
 

 

Fig. 4:  Position of temperature sensors (T) and electrical resistant strain gauges (FTG) at the mid-span 
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Fig. 5: Position of displacement transducers (LVDT) at the support to measure horizontal displacement of the 
abutment and to determine its rotation. 

 

 

Fig. 6: Position of strain gauges on the pile to register strain levels 
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Data is collected with a programmable “stand alone logger” MGC-plus. Long-term measurements will start as 
soon as the bridge is constructed and data will be collected in time intervals of 15 minutes. 

2.3 Resistance and durability of abutment details 
Based on the research performed so far and the monitoring ongoing, a more economic composite bridge with 
integral abutments and sufficient fatigue resistance as well as durability will be developed. 

The thermal-induced longitudinal movement of the integral bridge deck results in one dominant cyclic lateral 
displacement of the steel piles at the abutments each year (seasonal temperature changes). Additionally smaller 
alterations occur due to the daily temperature variations. The traffic also induces a lateral displacement and a 
rotation of the steel piles. These cyclic loads or displacements of relatively large magnitude lead to the low-
cycle fatigue failure of structural components by producing significant amounts of plastic strains in the top of 
the pile. 

Thus, a procedure will be developed that enables a realistic determination of the required cyclic displacement 
capacity of steel piles in integral abutments. 

Therefore several strain-controlled static and dynamic tests will be performed on a common rigid connection 
and on a new hinged connection. 

Furthermore, a connection avoiding low cycle fatigue based on the test results will be developed. 

Additionally the durability and fatigue resistance of approach slabs is investigated by a survey and analysis of 
already existing experimental results. The report aims to provide design and construction recommendations for 
approach slabs to prevent major constructional defects. 

The main goal is to present the actual knowledge regarding bridge approaches. The work is dived in two parts: 

1. “Current practice” is based on surveys and technical reports from various “Departments of Transportation” 
(mainly from the USA) [33, 35, 37, 40, 45]. The goal is to provide an authoritative survey and a comparison of 
the current bridge approach designs and maintenance strategies. 

2. “Research topics” is based on journal papers and doctoral theses. It provides detailed explanation of the 
phenomena involved and causing the “bump at the end of the bridge”. Possible solutions, improvements and 
further researches are discussed within this part. [34, 41, 40, 42, 43, 44, 46, 47] 

2.4 Composite Bridges with Integral Abutments on sheet piles 
ARCELOR Profil Luxembourg S.A has investigated in some case studies, whether composite steel concrete 
decking solutions could be combined with steel sheet pile (SSP) abutments (see figure 7). The sheet pile 
application research department has fruitfully collaborated with the section application department. 
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Elevation view Cross section

 

Fig. 7: Composite bridge based on steel sheet pile abutments 
 
For the testing programme the following remarks were extracted [49]: 

– The load transfer between a concrete cross beam and underlying bearing piles has been studied 
extensively in the past already and corresponding design rules and execution know-how is available; 

– The efforts to be undertaken should therefore focus on the connection of a composite bridge deck to an 
abutment executed in steel sheet piles; 

– From the studies it could be shown that significant rotational restraint of the bridge deck could be 
achieved by the integrated SSP abutments taking account of the soil stiffness; 

– Depending on the bridge length, the stiffness of the steel sheet piling abutment and the load case, a 
rotational fixation of the bridge deck of about 35% to 90% can be obtained; 

– It could be shown that the calculation could be done with a simplified frame approach using an 
equivalent frame height rather than a sophisticated combination of geotechnical and structural 
calculation procedures; 

– Furthermore, it could be shown that the vertical support reactions from short and medium span bridges 
can be transmitted by steel sheet piling abutments to the substratum; 

– With a restraint of 50% a reduction of the steel consumption of 24% compared to a restraint of 0% 
(simply supported) can be achieved. 

The following information are to be investigated: 
– The above mentioned simplified design approach needs further investigation and verification before 

allowing practical application; 
– The general boundaries of application need to be investigated in more detail; 
– An important missing parameter is the safe sided determination of the equivalent frame height in 

function of the characteristics of the soil, the steel sheet pile and the bridge deck. 
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Further design considerations have to deal with the longitudinal forces in the bridge deck resulting from the 
earth pressures on the SSP abutment, from traffic loads and from possible restraint due to thermal elongation of 
the bridge deck. 

A quite important subject that needs to be solved is the connection of the steel sheet piles to the composite 
bridge deck. The allowable tolerances of the sheet piles are hereby of major importance. 

Thus, several strain-controlled static and dynamic tests on a new sheet pile connection are included into the test 
program in addition to tests of conventional connections. 

2.5 Design guidance 
Finally a design guideline for bridges with integral abutments for small and medium composite bridges will be 
elaborated. The distribution of the design guide will highly promote the application of bridges with integral 
abutments in the field of current practice. Together with the information gained in the economic analysis, the 
monitoring and the laboratory tests, the design guidance will demonstrate designers and bridge owners to design 
and build an integral bridge in a safe and cost effective way. 
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Summary 
The cost of maintenance is an ever-growing problem for road administrations around the world, and bridges 
are no exception to the rule. One way to reduce the need for future maintenance, as well as the investment 
cost, is to make bridges without transition joints. In order to investigate if the cross-shaped steel pile 
commonly used in Sweden is suitable for use in integral abutments, two full-scale laboratory tests were 
carried out. Experience from the United States shows that bridges with integrated abutments are increasingly 
outclassing the traditional bridges with joints, the former being not only less expensive to maintain, but also 
more affordable to build. In the following, two analytical methods are described that can be used to calculate 
the capacity of piles based on plastic design. 
Keywords: composite bridges, integral abutments, steel piles. 
 

1) Introduction 
In some parts of USA, bridges with integral abutments have been built since the 1960’s. 
In Iowa bridges with integral abutments have been showing satisfying performance since 1964. The longest 
bridge measures approximately 100 m.  
Featuring more than 2,400 bridges with integrated abutments, Tennessee is probably the state with the widest 
experience of this type of bridge. Over the years, the Department of Transportation has gradually extended the 
limits for the length of bridges with integral abutments to the current maximal 120 m for steel bridges and 240 m 
for concrete bridges. The limits are based on the expected movement at the bridge ends, which shall be less than 
100 mm (50 mm at each end). The longest concrete bridge with integral abutments is 352 m and the longest in 
steel is 152 m. 
Each year, New York State spends $7 million on replacements and repair of bridge joints [2]. In the beginning of 
the 1980’s, the first integral abutment bridge was built. By 1996, 155 bridges with integral abutments had been 
built in the state. When a bridge is built today, the New York State Department of Transportation always tries to 
eliminate joints whenever possible. 
In order to understand the mechanisms of an integrated abutment, it is necessary to study the effect that 
movement in the abutment has on the stresses in the pile. The bridge length varies with the structure’s 
temperature. Movements in the piles are also induced by rotations of the superstructure. 
Analysing the load carrying capacity of piles subjected to lateral movements is complex as it contains two co-
dependent elements; the flexural pile and the soil. To further complicate matters, soils are often inhomogeneous. 
Analytical solutions are only possible to obtain for simple cases where the stiffness of the soil is constant along 
the pile and the materials feature elastic behaviour. Expressions for the case with constant soil stiffness are given 
by theories for beam on an elastic foundation [3]. To handle more complex cases where soil stiffness varies with 
depth, an equivalent stiffness can be assumed. 
Although a section in a steel pile may reach yield stresses, this does not imply that the ultimate load is reached. 
The moment along the pile can be re-distributed and further load increase is possible. If elastic theory is used to 
calculate the moment distribution along the pile, the re-distribution effect is not accounted for. Analytical 
methods have been developed to calculate the capacity of piles based on plastic design. 
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2) Testing of steel piles restrained by elastic springs  
The purpose of the tests described in this section was to detect the decrease of load carrying capacity of an 
elastically restrained steel pile, when the pile top is subjected to deflections arising from the traffic load. The 
piles tested were X130·16 mm, delivered from Fundia AB. 
One end of the pile was embedded in a concrete block to 500 mm. The concrete block was supposed to mimic the 
back wall of a bridge. The dimensions of the concrete block were 1.0·0.75 ·0.75 m.. Springs were attached to the 
pile at 1 m spacing. The springs would then respond to any pile movement in a manner resembling that of the soil 
around a bridge pile. After moving the concrete block 25 mm transversely relative the pile, the latter was 
subsequently loaded through the concrete block until failure. The result shows that the load carrying capacity was 
substantial even after the transverse deformation. 
The configuration of the testing can be seen in Fig. 1. The pile top was deflected 25 mm perpendicular to the 
pile length axis. 

Fig. 1 The test set-up. 
 
The yield stress of the steel in the piles was 310 MPa according to the manufacturer and it was proven by 
tensile tests of the steel (see Table 1).  
 

Table 1 Results from tensile tests of steel in piles. 
 fy (MPa) fu (MPa) E (GPa) A5 
Test pile 1 coupon 1 325 513 225 0,346 
Test pile 1 coupon 2 321 509 218 0,367 
Test pile 2 coupon 1 320 504 197 0,350 
Test pile 2 coupon 2 317 506 215 0,252 
 
The results of the tests showed that the piles capacity was 73% and 79% of the theoretical capacity of a 
perfectly straight pile. The piles tests were also simulated with the FE-program DIANA. The results from the 
FE-simulations showed good agreement with the pile tests (within 5%). This made it possible to simulate the 
ultimate load for a variety of conditions to verify the proposed design method. The FE-analysis is described 
in more detail in [1].  
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Fig. 2 Results from pile testing. 
 

Table 2 Results from pile testing. 
 Ultimate load  

test (kN) 
Ultimate load 

(fyk·A) 
Ultimate load   

FE (kN) 
Test 1 967 0,73 1005 
Test 2 990 0,79 1007 

 

3) Pilot Project  

3.1 Bridge over Fjällån 

 
Fig. 3 Bridge over Fjällån after completion 
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In the 1980´s a few bridges with integral abutments were built in Sweden. Most of the short to medium span 
bridges in Sweden are semi-integral, meaning that there are no joints on the road surface but that the bridge rests 
on bearings. In a project at Lulea University of Technology it was investigated if the cross-shaped piles were 
suitable for integral bridges. Within the project a bridge was built in the Swedish province of Västerbotten, 
completed in September 2000. The bridge was a single span composite bridge with a span length of 37.15 m. 
In order to minimise the bending stresses arising from the deflection of the bridge, the work was carried out 
in the following way: 
 
1) Eight piles, X180·24 mm, were used for each abutment. The piles were rotated 45 degrees from the line 

of support, minimising the bending stresses from the traffic load, (see Fig. 5.) 
2) The side wings and the lower parts of back walls were cast.  
3) The steel girders were erected on steel bearings on top of the lower part of the back wall as seen in Fig. 

4. On safe-hand side, the girders were designed as simply supported girders, not taking the restraint from 
the embankment into account.  

4) The formwork for the side wings was removed, giving the steel piles a rotation in the opposite direction 
of the one arising from the traffic. In other words, the piles were pre-stressed.  

5) The upper parts of the back walls were cast together with the concrete deck of the bridge.  
6) The embankment behind the back walls was filled up, and the pavement as well as the side rails was 

placed on the bridge.  

 
Fig. 4 Detail of the connection between the steel beam and abutment.    

 
One of the main reasons why integral abutment bridges have not yet become common in Sweden is the 
difficulty to analyse them. 
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Fig. 5 Pile configuration. 

 

3.2 Bridge crossing the Hökvik River. 
The bridge crossing the Hökvik River is located in the central part of Sweden outside the city of Falun. The 
bridge is a two lane arch bridge with span 42 m and will replace an old concrete arch bridge. The time 
schedule for the construction of the bridge is very tight. The Swedish road administration (Vägverket) 
bought the construction work in February 2004 and the bridge is scheduled to be finished in September 
2004. The foundation of the old bridge will be left in place and the piles of the integral abutment will be 
driven just behind the old abutment. The backfill behind the old abutment will be removed and the piles will 
be driven from a level 3.65 m below where the lower edge of the back wall will be. Then steel tubes will be 
placed over the piles and sand will be filled around the piles. The soil where the piles are to be driven 
consists of dense sand.  
The sand will be loosely packed and therefore the pressure against the piles will be minimised when he piles 
deforms due to abutment translation and rotation. Then the bank will be filled up to the level of the lower 
side of the back wall. One part of the back wall can then be cast toact as support to the steel arch. The steel 
arch is built before the old bridge is removed and can be used during the removal work. After the removal of 
the old bridge the concrete road way can be cast between the two steel arches. 
The superstructure is a steel arc with inclined hangers. The inclined hangers will substantially stiffen the 
superstructure compared to vertical hangers, especially for unsymmetrical loading.  
The piles that are used are cross shaped steel piles with 200 mm width and 30 mm thickness. Eight piles are 
placed under each support and the outermost piles are inclined 4:1 to take care of transverse horizontal 
loading as wind and transverse component of vehicle brake forces.  
Integral abutments were chosen for this bridge merely for the economical benefits. Money and time was 
saved because old abutments did not have to be removed.  
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Fig. 6 Sketch showing bridge over the Hökvik River. 
 
 

4) Design Method Proposal 

4.1 Global analysis 
The global analysis can be carried out in a number of ways. To be competitive, bridges with integral 
abutments need to be designed in a rational manner. With computer programs it is possible to model the 
interaction between piles and bridge deck in a realistic manner. The ultimate strength of the piles can be 
calculated with FEM where the non-linear behaviour of the steel piles and earth surrounding the piles are 
modelled in a realistic way. Stresses in serviceability state for piles in soils where properties vary with depth 
are also convenient to calculate with FEM. Non-linear FE-calculations are often time consuming and not 
wide spread among bridge engineers. And even if designers have the necessary tools to make an advanced 
un-linear FE-analysis there is a need for a simpler method 
The global analysis is often made with a 2D computer program with beam elements. This can also be done 
for a bridge with integral abutments. The connection between the back-wall and the piles can be regarded as 
pinned and the girder can be assumed to expand and extract without resistance. The stiffness of the piles is 
low and can be neglected compared to the stiffness of the girder.  To include the normal force and moment 
of the earth pressure against the back wall spring elements can be used. The springs should have different 
properties in tension and compression to account for passive and active earth pressure. 
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4.2 Serviceability Limit State 
Usually the calculated stress in a steel component shall not exceed characteristic value of the yield stress in 
the serviceability limit state. In reality residual stresses from manufacturing are added to the calculated 
stresses. Welded beams have residual stresses around the welds that can be as high as the yield stress even 
before the beams are loaded. One argument for having the yield strength as a limit in serviceability limit 
state is to prevent plastic deformation from accumulating and thus giving a bent impression of the structure. 
In an integral abutment accumulated plastic deformation in the piles will not affect the bridge deck due to 
the difference in stiffness.  
Another argument is that the accumulated deformations also accelerate the strains and finally cause a 
collapse. The loads that can cause repeated yielding in the piles are traffic and temperature. The moments 
that are induced by these loads are interacting when the temperature is high.  
Assume that a pile is subjected to a great number of load cycles with stochastic varying magnitude. In the 
worst case the stress in the pile reaches yield stress in compression in one edge and is then unloaded 
elastically. If the magnitude of the next load cycle is exactly the same the stress will reach the yield stress 
but no additional plastic deformations will occur. If the magnitude of the load is less in the second cycle than 
the first the stress will not reach the yield stress.  
In reality the weight of the trucks that passes over a bridge will vary and there will not be two identical load 
cycles. As the number of trucks increases the risk of additional plastic deformation decreases. Thus the 
number of cycles that cause plastic deformation will be limited. 
If the load amplitude of the cycles are varying in a stochastic manner the chance of all time high stress in the 
pile is:  
For load cycle 1: 100% 
For load cycle 2: 50% 
For load cycle 3: 33% 
etc.  
The total number of cycles that causes all time high stress in the pile can be written as the sum of 1/x were x 
goes from 1 to total number of load cycle. Integration gives a value that for 400 000 load cycles gives 

400,000

0.5

1 ln(400,000) ln(0.5) 14dn
n

= − =∫  load cycles  (1) 

This does not mean that all 14 cycles will give plastic deformation. 
 The traffic loads in most design codes are of a magnitude that most trucks do not reach. The worst case 
when the temperature in the structure reaches the design value only occurs for a limited numbers of days 
every year. The conclusion is that plastic deformations will only occur a few times even if the calculated 
stresses will exceed the yield stress  
If yield stresses shall be allowed in steel piles the restriction is that low cycle fatigue should be avoided. This 
can be done with Whöler diagrams.  The strain width that is calculated in the piles is substituted by stress 
width. The stress width is calculated as strain times E = 210 GPa. The number of cycles that can be 
permitted with the strain width ε can be written as: 

3
6= 2 10

1.1 1.2t
Cn

E ε
⎛ ⎞ ⋅ ⋅⎜ ⎟⋅ ⋅ ⋅⎝ ⎠  where (2) 

C = detail category according to Euro code 3, 112 MPa. 
E = elastic Young’s modulus 
ε = strain width. 
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If the yield strength in the pile is 355 MPa and the strain width in the serviceability is 6⋅355/210000=1,0 % 
the number of cycles before fatigue limit is reached: 

3
6112 2 10 127

6 355 1.1 1.2tn ⎛ ⎞= ⋅ ⋅ =⎜ ⎟⋅ ⋅ ⋅⎝ ⎠
 (3) 

If it is assumed that the design values for traffic and temperature are reached once every year each in a 
stochastic manner the probability that they occur simultaneously is one in 133 000. It is highly unlikely that 
temperature and traffic load will occur at the same time during the 100 years that a bridge is supposed to be 
in service, if the assumptions above are true There are however loads of a smaller magnitude that will cause 
fatigue damage to the pile.  
There are a number of parameters that influence the magnitude of the strains in a pile, such as temperature 
variation, numbers of trucks that pass the bridge and their weight, span length, stiffness of soil surrounding 
the pile, stiffness of the bridge deck and the height of the abutment wall. It is thus difficult to suggest design 
rules that are valid for all bridges with integral abutments. An attempt to quantify the strains than can be 
expected in a bridge with integral abutments is described in [1].  
The moment that acts on a pile due to temperature change in the bridge deck is: 
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If the stress reaches yield the moment can be expressed as: 
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If the two expressions above are equal then the soil stiffness is: 
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 (6) 

 
The strains caused by traffic depend on a number of parameters. If both the steel pile and soil are elastic the 
strain is: 

2 3

4
h hk L k LN b

A E I E
αε Δ ⋅ ⋅ + ⋅ ⋅

= + ⋅
⋅ ⋅

 (7) 

If the traffic load is added when the pile top have obtained yield stress the strains will be higher. The rotation 
is assumed to take place in a region of the pile that has a length twice the size of the width of the pile and the 
plastic region acts like a frictionless hinge where the strain will be: 
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It is reasonable to design the pile as a pile with hinged connection at the top in the serviceability stage. This 
way the stresses in the pile will be limited and a plastic hinge is allowed to form in the pile top. The design 
can then be done with conventional methods. An analysis can have the following steps: 

1) The global analysis gives the axial force N, horizontal displacement ΔD and rotation α with 
appropriate partial load factors γl. The horizontal displacement at the piles:  

ö eαΔ = Δ + ⋅  (9) 

where e is the vertical distance from the centre of the bridge deck to the pile top. The horizontal 
displacement Δ should not exceed 25 mm in the serviceability limit state.  

2) The stress in the pile is calculated as: 

2

4
hk LN b

A I
σ Δ ⋅ ⋅

= + ⋅  (10) 

and shall not exceed fyk. 
 

4.3 Ultimate limit state 
The capacity in the ultimate limit state is limited by buckling and by moment/rotational capacity as 
illustrated in. The load capacity in the ultimate limit state is according to Granholm [5]. 

1.00u u

cr

N N
N N p

+ =   (11) 

Np = plastic capacity (see b) 
Ncr = elastic buckling load (see a.) 
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Error! Not a valid bookmark self-reference.To calculate the buckling load the following equation can be 
used for pile with hinged top and were the stiffness of the soil is constant [4]: 

cr hN 2.0 k E I= ⋅ ⋅ ⋅  (12) 

If the pile top is fixed the buckling load is [4]: 

cr hN 2.5 k E I= ⋅ ⋅ ⋅  (13) 

For soils with linearly varying stiffness with depth and pinned top the buckling load is [4]: 

( )
7

55
cr hN 2.3 E I n= ⋅ ⋅ ⋅  (14) 

For soils with linearly varying stiffness with depth and fixed top the buckling load is [4]: 

( )
7

55
cr hN 4.2 E I n= ⋅ ⋅ ⋅  (15) 

If the soil stiffness varies in a more complicated way equivalent soil stiffness is calculated and the formulas 
above can be used. The plastic capacity of the pile is for hinged pile top [4] 
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Δ
 (16) 

and for fixed pile top [4] 
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When the buckling and plastic capacity of the pile have been calculated the normal force N horizontal 
displacement ΔD and the rotation α are taken from the global analysis. The horizontal displacement of the 
pile top can be calculated as ΔD+α⋅e where e is the distance between the gravity centre of the composite 
section and the pile top.  
 

5) Comparison to other foundation methods 
 
In the masters thesis of Anna Nilsson and Kristoffer Torén[6], the economical aspects of 15 different bridges 
in northern Sweden were investigated. For four of those bridges, the cost for  five optional foundations were 
studied, namely;  
A Bridge founded above ground water level 
B Bridge founded under ground water level, concrete cast in the water 
C Sheet pile wall and unreinforced bottom layer of concrete preventing water intrusion 
D Elevated foundation  
E Integral abutments 
 
A geotechnical expert at the road authorities was designing the optional foundations with respect to geometri 
etc. A contractor calculated the total prices for the bridges.  
 
The four bridges studied were built in concrete, with the span 15.9, 21.4, 18.1 and 16.0 m span, respectively. 
The free width was 7 m for the first three bridges, and 9 m for the last. The prices indicated in fig. 8 are the 
mean values for those four bridges.  
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6) Conclusions 
 
The concept of bridges with integrated abutments has several advantages such as minimised maintenance 
costs and the removal of joints and bearings at end supports of a bridge. The concept has been proved to be 
competitive in the USA, and is believed to be so in most countries, if only given the chance by contractors 
and the authorities. In Sweden the concept can save much effort, as no work has to be carried out under the 
water level. Laboratory tests as well as computer simulations indicate that the decrease in load capacity due 
to rotations and translations of the pile top should be no problem. A full scale in situ test of such a bridge, 
with respects to the stresses the piles, should be worth carrying out, to verify the tests and simulations 
mentioned above. 
In the bridges carried out so far, the critical section for the piles have been at the pile top, since the bending 
moments from translation and are concentrated here. The stresses from bending moments are normally of the 
same magnitude as those from the vertical load itself. This implies that a modified design with respect to the 
restraint of the pile top might very make the concept even more competitive, if those bending stresses could 
be reduced. One solution could be to use spherical steel bearings on the pile tops, and surround the upper 
parts of the piles with a very soft material.    
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INTEGRAL ABUTMENTSINTEGRAL ABUTMENTS

The New York ExperienceThe New York Experience

Presented by:Presented by:
Harry L. White 2Harry L. White 2ndnd, PE, PE
New York State DOTNew York State DOT

Transportation Research and Development BureauTransportation Research and Development Bureau
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Integral AbutmentIntegral Abutment

Introduced in late 1970Introduced in late 1970’’ss
–– < 30 m spans< 30 m spans
–– Single Row of Piles Welded to Steel GirdersSingle Row of Piles Welded to Steel Girders

AssumptionsAssumptions
–– Designed as Simple SpansDesigned as Simple Spans
–– Equal Distribution of Vertical Load to Each PileEqual Distribution of Vertical Load to Each Pile
–– Bending Stresses in Piles IgnoredBending Stresses in Piles Ignored
–– Designed for Full Passive Pressure Resistance Designed for Full Passive Pressure Resistance 
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AdvancementsAdvancements

AdjacentAdjacent PrestressedPrestressed Beams Beams –– mid 1980mid 1980’’ss
–– Not as easy to achieve positive connectionNot as easy to achieve positive connection
–– Not as easy to construct Not as easy to construct -- flowflow

Longer Spans Allowed for Steel StructuresLonger Spans Allowed for Steel Structures

ModificationsModifications
Elimination of:Elimination of:
–– 4545 BackwallBackwall
–– Horizontal TieHorizontal Tie--barbar
–– Welded Connection of Steel BeamsWelded Connection of Steel Beams
–– Vertical Dowel for Vertical Dowel for PrestressedPrestressed BeamsBeams
Introduction of:Introduction of:
–– Temporary Steel Girder SupportTemporary Steel Girder Support
–– Cotton Duck Bearing Pad for Temporary Beam Cotton Duck Bearing Pad for Temporary Beam 

SupportSupport
–– Angled Tie Bar for ConnectivityAngled Tie Bar for Connectivity
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SemiSemi--Integral AbutmentsIntegral Abutments

Most of the Benefits of True IntegralMost of the Benefits of True Integral
–– No Joint No Joint 
–– Can Be Used Where True Integral CannotCan Be Used Where True Integral Cannot

Short PilesShort Piles
Spread FootingsSpread Footings
Long Long WingwallsWingwalls
Incompetent Soil Incompetent Soil 

Current LimitationsCurrent Limitations
Individual Span Length is UnlimitedIndividual Span Length is Unlimited
Overall Bridge Length < 200 mOverall Bridge Length < 200 m
Skew Limit = 45Skew Limit = 45
Abutment Reveal < 1.5 mAbutment Reveal < 1.5 m
No Curved GirdersNo Curved Girders
Maximum Grade = 5%Maximum Grade = 5%
Piles 6 m (min.) and 3 m PrePiles 6 m (min.) and 3 m Pre--AugeredAugered > 30 m> 30 m
Steel or CastSteel or Cast--InIn--Place Piles Place Piles –– Weak AxisWeak Axis
Equal Distribution of Vertical LoadsEqual Distribution of Vertical Loads

ConclusionsConclusions

Integral Abutments are:Integral Abutments are:
–– Inexpensive on a First Cost BasisInexpensive on a First Cost Basis
–– Inexpensive on a LifeInexpensive on a Life--Cycle BasisCycle Basis
–– Preferred Abutment Type for NYSDOTPreferred Abutment Type for NYSDOT
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INTEGRAL BRIDGES IN THE UK
DAVID ILES

The Steel Construction Institute, Ascot, UK

Workshop on Integral Bridges
Stockholm, 16 May 2006

Why are we building integral bridges?

● Economy

Reduces construction costs

Reduces maintenance costs

Improves durability

● Because the client tells us

Highway bridge design in UK

● Four principal highway authorities responsible for 
motorways and major routes

● They publish requirements for design, construction 
and maintenance

● Design Manual for Roads and Bridges (DMRB)

Mandatory Standards

Advice Notes

● Requirements are adopted by local authorities

Integral construction under DMRB

● BD 57 – Design for durability

“… bridges with lengths not exceeding 60 m and 
skews not exceeding 30° shall … be designed as 
integral bridges”

● BA 42 – The design of integral bridges

Describes forms of integral construction

Defines the thermal strains to be considered

Gives rules for earth pressures
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BA 42 – Integral configurations BA 42 – Thermal strain

● Steel deck ± 0.0006

● Steel with concrete deck ± 0.0005

● Concrete deck ± 0.0004

BA 42 – earth pressures

K* = (d/0.05H)0.4 Kp

BA 42 – Other guidance

● No approach slab

● Provision for drainage behind the abutment

● Use of asphaltic plug joints (up to ± 20 mm)
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Design guidance from SCI

● Three publications in 1997-8

Covered retaining wall and individual pile 
configurations

Recognised the benefits of ‘flexible’ supports

Noted that axial forces in decks are modest

Moment connection details require heavy shear 
connection and reinforcement levels

Survey of integral construction

● Data from major UK bridge fabricator

● Covered period 2000 – early 2005

● Identified integral/semi-integral/non-integral

● Details of spans, overall length, skew angle

● Details of bridge type

Survey results
Number of bridges by type
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When are bridges made integral?

● Common up to 80 m length

● Sometimes up to about 100 m length

● Common with small skew (< 30°)

● With ladder deck and multi-girder configurations

706154161Total, all types

60531165Integral
69411313Semi-integral
74713083Non-integral

Ladder deckMulti-girderLadder deckMulti-girder
Mean length (m)No. bridgesType
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Forms of construction
Multi-girder, skew spans

Forms of construction
Ladder deck

Forms of integral construction

● Only a few full height integral abutments have been 
built with composite decks

One bridge using sheet files

Some bridges using reinforced concrete walls

Full height abutment - a rare 
example, using sheet piles
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Full height RC abutment Forms of integral abutment

Designers have preferred:

● Endscreen walls supported 
directly on piled foundations

● Endscreen walls that bear onto 
the soil 

● Endscreen walls that do not 
support the deck
(the deck is supported on bearings 
in front of the wall)

Semi integral

Fully integral

Endscreen walls on piles

● Chosen because minimal interaction with soil and no 
bearings

Endscreen walls on piles

● Often used with reinforced soil abutments
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Endscreen walls on piles

● Skeletal alternative with reinforced soil abutments

Flexible layer

Endscreen wall on piles

Endscreen walls on piles

● To eliminate all lateral resistance to pile movement, 
designers are choosing to put piles inside sleeves

Concrete manhole rings

Polythene pipe (up to 600 mm diameter)

● Either RC or steel H piles

Endscreen walls on sleeved piles

● Often used with reinforced soil abutments
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Endscreen walls on piles
● RC piles inside concrete manhole rings

Endscreen walls on piles
● Steel H piles in polythene pipe

Endscreen walls on piles

Chamfer formed
with polystyrene

Seal to top of sleeve
Blinding concrete

Slip membrane

● Interface at the top of a sleeved pile

Endscreen built in two stages

● Beams sitting on temporary bearing on lower endscreen wall

Temporary bearing

93



8

Typical end details

75 mm dia holes

bar/hoop shear connectors

Stud shear 
connectors 
on web

tie beam bolted to stiffener

Stud connectors 
or holes in web

bearing plate

Temporary bearing detail

line rocker

seating plate in pocket 
of bedding mortar

packer plate

stud connectors in 
construction plinth

CJ

Reinforcement in endscreen wall Reinforcement in endscreen wall
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Integral bankseat

drainage layer

asphaltic
plug joint

CJ

Integral bankseat

Integral bankseat Semi-integral abutment
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Semi-integral abutment Semi-integral abutment

Semi-integral abutment Semi-integral abutment - girder end 
details
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Intermediate supports

● No need for integral supports to be made ‘integral’

● Supports not usually made integral, because:

Achieving moment continuity involves complexity and 
may create fatigue-prone details

Reinforced concrete crossheads require substantial 
additional temporary works

Dealing with skew

● Up to 30°, skew is accommodated with fully integral 
construction

● For semi-integral construction, skew is usually 
restricted to under 20° (because of the need to deal with 
lateral components of earth pressure)

Summary

● Integral construction is now commonplace in the UK

● The common forms of construction, multi-girder and 
ladder deck bridges, are built as integral bridges

● Overall lengths up to 80 m are commonly integral

● Designers have tended to choose configurations that 
minimise the effects of soil-structure interaction

97



 

98



1

G. Seidl
Integral abutment bridges

Integral abutment bridges
Applications in Germany by SSF

Schmitt Stumpf Fruehauf und Partner
Engineering Consultancy

Guenter Seidl
Research Department, Munich

G. Seidl
Integral abutment bridges

Small bridges

G. Seidl
Integral abutment bridges

Valley bridges

G. Seidl
Integral abutment bridges

Limits of span
Germany

span 108.50 m

slenderness 1/60

99



2

G. Seidl
Integral abutment bridges

Limits of span
Germany

span 108.50 m

slenderness 1/60

G. Seidl
Integral abutment bridges

Railway-lines
shifting of frames up to 5,000 t

G. Seidl
Integral abutment bridges

Railway Lines
Jointless Frames span = 180 m 

Extension of 
2nd track

Appearance in 
the style of 
extisting
bridge

Reduced pile
foundation
within
absorbing H-
forces with
integral
abutment

Total length
180 m without
expansion
joint

G. Seidl
Integral abutment bridges

Cost effective
construction

Appearance
in the
style of 
extisting
bridge
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G. Seidl
Integral abutment bridges

Absorption of H-Load (Break)Reduced pile
foundation
within
absorbing H-
forces with
integral
abutment

G. Seidl
Integral abutment bridges

Movement caused by Temperature

G. Seidl
Integral abutment bridges

Movement caused by Temperature

G. Seidl
Integral abutment bridges
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G. Seidl
Integral abutment bridges

Teltow canal bridge
VFT®-Construction Method

G. Seidl
Integral abutment bridges

Bridge over Teltow canal
Cross-Section

10.75

G. Seidl
Integral abutment bridges

42.50 m

Bridge over Teltow canal

G. Seidl
Integral abutment bridges

Steel girder
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G. Seidl
Integral abutment bridges

Placing VFT®-Girders

G. Seidl
Integral abutment bridges

Placing VFT-Girders

G. Seidl
Integral abutment bridges

Bridge under traffic

G. Seidl
Integral abutment bridges

Advantage: slight rotation angle
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G. Seidl
Integral abutment bridges

The Viaduct over the Teltow Canal
Figures

l/1400 l/800deflection of superstructure

0.6*10-3 rad 3.5*10-3 radtangent angle at the end 

1.0 mm 3.0 mmdistortion of the track

2.62 Hz, no risk is givenavoidance of the risk of resonance

Deformation of structure cal. value limit value

G. Seidl
Integral abutment bridges

Erection under traffic flow
Composite frames without middle support

G. Seidl
Integral abutment bridges

Verkehrsfluss
Bauen ohne Mittelunterstützung

G. Seidl
Integral abutment bridges

Maintenance

Saale
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G. Seidl
Integral abutment bridges

Maintenance

G. Seidl
Integral abutment bridges

Maintenance

G. Seidl
Integral abutment bridges

approach slab

G. Seidl
Integral abutment bridges

27.01.2004

Maintenance
approach slab
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G. Seidl
Integral abutment bridges

New construction methods

G. Seidl
Integral abutment bridges

2 VFT-WIB®

Cross-Sections

G. Seidl
Integral abutment bridges

2 VFT-WIB® aspects

Design:
- high resistance to vehicle impact
- less steel consumption
- reliable shear transmission in high

strength material
Economic:

- modular system
- less steel prices
- less coating surface (galvanizing)
- simple inspection

-> reliable and economic construction

G. Seidl
Integral abutment bridges

3 VFT-WIB® Bridge at Pöcking
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G. Seidl
Integral abutment bridges

VFT-WIB® Bridge at Pöcking

G. Seidl
Integral abutment bridges

VFT-WIB® Bridge at Pöcking

G. Seidl
Integral abutment bridges

3 VFT-WIB® Bridge at Pöcking

G. Seidl
Integral abutment bridges

3 VFT-WIB®

Shape of concrete dowels
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G. Seidl
Integral abutment bridges

Coated steel girders

G. Seidl
Integral abutment bridges

Dowels with reinforcement

G. Seidl
Integral abutment bridges

Transport to the site

G. Seidl
Integral abutment bridges

Transport to the site
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G. Seidl
Integral abutment bridges

Transport to the site

G. Seidl
Integral abutment bridges

Placing

G. Seidl
Integral abutment bridges

Ready for concreting the rc-slab

G. Seidl
Integral abutment bridges

Completed Bridge
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G. Seidl
Integral abutment bridges

4 Bridge at Przemys , South Poland
for skier

G. Seidl
Integral abutment bridges

4 Bridge at Przemys , South Poland

G. Seidl
Integral abutment bridges

3 Bridge at Przemys , South Poland

G. Seidl
Integral abutment bridges

Bridge at Przemys , South Poland
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G. Seidl
Integral abutment bridges

Bridge at Przemys , South Poland

G. Seidl
Integral abutment bridges

Bridge at Przemys , South Poland

Shark-fin cut

G. Seidl
Integral abutment bridges

Cutting torch

G. Seidl
Integral abutment bridges

Specimen for testing the dowels
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G. Seidl
Integral abutment bridges

G. Seidl
Integral abutment bridges

G. Seidl
Integral abutment bridges

G. Seidl
Integral abutment bridges
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G. Seidl
Integral abutment bridges

G. Seidl
Integral abutment bridges

Pilot Project „Shark-Fin-Cut“

G. Seidl
Integral abutment bridges

Vigaun Bridge
Cross-Section

G. Seidl
Integral abutment bridges

Vigaun Bridge
Longitudinal Section
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G. Seidl
Integral abutment bridges

Connection to Approach slab

G. Seidl
Integral abutment bridges

New composite trusswork
at Monestery „Kloster Banz“

G. Seidl
Integral abutment bridges

Situation

G. Seidl
Integral abutment bridges

Historical surroundings

Monestary

„Kloster
Banz“

Pilgrimage
church

„14 Saints“
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G. Seidl
Integral abutment bridges

G. Seidl
Integral abutment bridges

Elected solution

G. Seidl
Integral abutment bridges

Longitudinal section

90.80 m

G. Seidl
Integral abutment bridges

Cross-section
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G. Seidl
Integral abutment bridges

Ground view

84 deg.

G. Seidl
Integral abutment bridges

Integral abutment

G. Seidl
Integral abutment bridges

Construction stages

G. Seidl
Integral abutment bridges

Construction stages

Foudation and shoring towers
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G. Seidl
Integral abutment bridges

Construction stages

Construction stages

Steel structure

G. Seidl
Integral abutment bridges

Construction stages

Abutments

G. Seidl
Integral abutment bridges

Construction stages

Concreting slab (middle part) 
with shoring towers

G. Seidl
Integral abutment bridges

Construction stages

Disassembly of shoring towers
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G. Seidl
Integral abutment bridges

Construction stages

Completion of concret slab

G. Seidl
Integral abutment bridges

Construction stages

Approche slabs

G. Seidl
Integral abutment bridges

Design

G. Seidl
Integral abutment bridges

Model of nodes (welded)

•No castet nodes

•Pipes with welded joints – reduction of fatigue in 
high tension areas

•Fatigue assessement based on „hot spot“ method

•Evaluation of maximal strength areas with 3d-FEM-
Volume-Model
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G. Seidl
Integral abutment bridges

Detail of welded joint

G. Seidl
Integral abutment bridges

Deformation of joint

G. Seidl
Integral abutment bridges

Deformation of joint

G. Seidl
Integral abutment bridges

Equivalent stresses
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G. Seidl
Integral abutment bridges

„Hot spot“ nearby weld seam

G. Seidl
Integral abutment bridges

Conclusion

Slender bridges because of load transfer over
frame edges and fixed piers

Short construction period and high quality with
prefabricated elements

Less maintenance of constrution without bearings
and expansion joints

No effects of action between bridge and 
embankment, because frame and earthfill acting
together

G. Seidl
Integral abutment bridges

Integral Pedestrian Bridges
Variants

G. Seidl
Integral abutment bridges

Thank you for your attention!
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Design guide for long jointless bridges

Finnish Road Administration

Bridge-embankment interface at jointless bridges 2002

Finnish Road Administration / Tieliikelaitos

Matti Manelius, Panu Tolla

Bridge -embankment interface 2002-2006

Finnish Road Administration / TUT Laboratory of Foundation and Earth Structures

Road bridge field

tests 2003

Haavistonjoki

bridge

Anssi Laaksonen

Railway bridge

field tests 2004

Road bridge

field tests 2004

Literary review and

Structural

Calculations

 2003-2006

Olli Kerokoski

Haavistonjoki Bridge: Research for Graduate Engineer; Bridge
instrumentations (field tests) and structural calculations

Main duties:
- to manufacture and install measuring equipment
- to create a format to handle the results (data) of the measuring (gages

~190 pieces)
- to interpret the results of  measuring
- to model the bridge by FEM-calculations => Comparisons

Haavistonjoki bridge field testsHaavistonjoki bridge field tests

Bridge site before the structural workBridge site before the structural work
GlueingGlueing of theof the strainstrain gages on the surface of the steel pipe pilesgages on the surface of the steel pipe piles
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Protection of the electric wiring with fire woolProtection of the electric wiring with fire wool
against the welding of Lagainst the welding of L--shaped steel barshaped steel bar

LL--shaped steel bar has been installed. The yellowshaped steel bar has been installed. The yellow
painting shows the places of strain gagespainting shows the places of strain gages

Steel pipe piles during drivingSteel pipe piles during driving

Strain gages on a reinforcement barStrain gages on a reinforcement bar

Protection of strain gages on reinforcement barsProtection of strain gages on reinforcement bars Installing the strain gage bars inside of the concrete column moInstalling the strain gage bars inside of the concrete column moulduld
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Recess for the earth pressure cellRecess for the earth pressure cell
The reinforcement work is about to start on the mouldThe reinforcement work is about to start on the mould

of the bridge deck at the middle of summer 2003of the bridge deck at the middle of summer 2003

Earth pressureEarth pressure
cell recessescell recesses
inside of theinside of the

abutment wall.abutment wall.

A place for the measuring equipment boothA place for the measuring equipment booth
and the empty pipes for the wiresand the empty pipes for the wires

Pipes inside of abutment for the installationPipes inside of abutment for the installation
of measuring bars through the abutmentof measuring bars through the abutment

Reinforcement bar with strain gages andReinforcement bar with strain gages and
protection layers installed among the traditionalprotection layers installed among the traditional

reinforcement bars at the bottom of deckreinforcement bars at the bottom of deck
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Temperature gages inside the deckTemperature gages inside the deck Reinforcement bar with strain gages and protection layersReinforcement bar with strain gages and protection layers
installed beside the traditional reinforcement bar at the bottominstalled beside the traditional reinforcement bar at the bottom andand

the top of deck above the columnthe top of deck above the column

The finishing work of the bridge deckThe finishing work of the bridge deck
surface is going on.surface is going on.

Measuring equipment boothMeasuring equipment booth
foundationsfoundations

Earth pressure cell recesses at the abutment wall.Earth pressure cell recesses at the abutment wall. A place for the measuring bar and the circular plate on the leftA place for the measuring bar and the circular plate on the left. Earth. Earth
pressure cell recess in the middle. A view on the abutment wall.pressure cell recess in the middle. A view on the abutment wall.
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Steel pipes through the abutment for the measuringSteel pipes through the abutment for the measuring
steel bars. View below the decksteel bars. View below the deck Electric wires for the steel pipe pilesElectric wires for the steel pipe piles

The mould has been taken downThe mould has been taken down

The strain gages inside of an earth pressure cellThe strain gages inside of an earth pressure cell

Earth pressure cell calibrationEarth pressure cell calibration Earth pressure cell testsEarth pressure cell tests
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Earth pressure cell at the bottom of columnEarth pressure cell at the bottom of column

Measuring equipment boothMeasuring equipment booth

MeasuringMeasuring
equipmentequipment

inside of theinside of the
boothbooth

Bars and the anchor plates to be installed inside of the road emBars and the anchor plates to be installed inside of the road embankmentbankment

Earth pressure cells ready to be installed (located here besideEarth pressure cells ready to be installed (located here beside the wingthe wing
wall)wall)

Installation of the earth pressure cells on the abutment wallInstallation of the earth pressure cells on the abutment wall
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Pouring thePouring the
plaster behind theplaster behind the
earth pressureearth pressure
cells on thecells on the
abutment wallabutment wall

Installation of temperature gages within the embankment at a cerInstallation of temperature gages within the embankment at a certaintain
level (white color / 2.4 m from the abutment). Anchor bars at thlevel (white color / 2.4 m from the abutment). Anchor bars at the edgese edges

Embankment fill at the beginning of next layerEmbankment fill at the beginning of next layer Transition slab reinforcement being in progressTransition slab reinforcement being in progress

Strain gage bars and temperature gages in transition slabStrain gage bars and temperature gages in transition slab
Movement gages to be connected between the transitionMovement gages to be connected between the transition

slab and the wing wall by a rectangular steel barslab and the wing wall by a rectangular steel bar
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A box for the movement gages betweenA box for the movement gages between
the transition slab and the wing wallthe transition slab and the wing wall

The cables and the pipes for electric wires have been covered wiThe cables and the pipes for electric wires have been covered with sandth sand

New asphalt on the bridge deckNew asphalt on the bridge deck The free ends of the bars anchored inThe free ends of the bars anchored in
the embankment: equipment and coverthe embankment: equipment and cover

The tachymeter prism to be connected to theThe tachymeter prism to be connected to the
edge beam of the deck by a steel connectoredge beam of the deck by a steel connector

Laser instrument for the measuring of the length differences inLaser instrument for the measuring of the length differences in the bridgethe bridge
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Air temperature gages at the instrument boothAir temperature gages at the instrument booth

InstrumentInstrument
booth and thebooth and the
instrumentsinstruments
are readyare ready

Haavistonjoki Bridge on Highway number 9 between Tampere and
Jyväskylä. Side view. The transition slab is within the embankment.
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Results of large-scale cyclic tri-
axial test with Haavistonjoki
backfill material. Resilient modulus
at various stress levels => high
values i.e. the material was very
stiff .

Results of large-
scale static tri-axial
test on
Haavistonjoki
backfill. Cell
pressures were 15,
30, 60, 100 and 150
kPa.

γ

Earth pressure cells and strain gauges of Haavistonjoki bridge pier T3.
Location of long steel bars in approach embankment. Basic soil material
data. Replacement fill area: unit weight  = 20 kN/m3 and friction angle  = 42°.

Earth pressure cells and their labels on eastern bridge abutment (T4). The
western abutment (T1) had cells at locations J (labeled V) and M
(labeled W).

Twelve earth pressure cells were installed on the outer surface of the
abutments to measure the earth pressures in the interface between the
abutment and the embankment. The cells were embedded in the concrete
facing outward.
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Temperature gauges 1–20 in embankment 2.4 m from the eastern
abutment. The western embankment had eight temperature gauges

Temperature gauges were installed (among others) within the backfill
behind both abutments in several layers.

Measured earth pressure changes for bridge abutment T4 between 11.2.–
15.2.2004 at earth pressure cells H–Q [kPa]

The average modulus of lateral subgrade reaction based on average earth
pressure change and abutment behaviour during 11.2.–15.2.2004 at the
five earth pressure cells at the abutment centre was ks = 80 kN/m2 / 5.2
mm = 15 MN/m3.

The average earth pressure according to the five cells at the abutment
centre was 80 kPa.
Observed earth pressures were smaller at the cells near the wing walls
than at the centre of the abutment.
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Measured changes in average bridge temperature and
earth pressures on bridge abutment between 10.2.–
16.2.2004 at earth pressure cells H–W [kPa]. Cells V
and W located at abutment T1
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Earth pressures were quite small during the first autumn after the construction of the bridge.
Earth pressure amplitude due to thermal displacement cycles increased clearly only after the
coldest period of the winter in December 2003. The probable causes for the large earth pressure
changes after that were the non-reversible deformations within the approach embankment. The
observed temperatures in the abutment embankment, 2.4 m from the abutment, were below zero
( C) only down to a depth of 1 m from the surface on 1.2.2004. Certainly, the temperatures next
to the earth pressure cells have been lower than the temperatures inside the massive embankment
soil, and frozen soil has been stiffer than unfrozen soil.

Measured changes in average bridge temperature and earth pressures on bridge
abutment at support T4 during 26.9.2003–29.2.2004
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F G Displacement at support T4

Measured
horizontal
abutment
displacements
at support T4
under the
transition slab
and
corresponding
earth pressure
changes at
Haavistonjoki
bridge pier T3
in February
2004

The earth pressure increase varied between 16–20 kPa at cells F and G
at pier T3 during 11.2.–15.2.2004
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Strain gauge 5 / Level III Average deck temperature

Figure above illustrates the measured stress variation on the surface of
the steel pipe pile and corresponding deck temperatures during February
2004 at support T4. The absolute stress values must be disregarded. The
pile was the northern one. Level III was located 4 m under the abutment
bottom. The observed stress change in steel pipe pile during 11.2.–
15.2.2004 was = 14 MPa.
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19.3.2004

22.4.2004

15.1.2004
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Bar 4 Bar  5 Bar  13 Bar 14

Measured
displacements on
two levels at
support T4 during
a seven-month
observation
period: the
manually
measured
displacements
during 18.9.2003.–
22.4.2004.

Bar 4 is located above bar 5 and bar 13 above bar 14; the vertical distance between them is 1210 mm.
Abutment displacement changes according to measuring bars 4, 5, 13 and 14, respectively:
-during 15.1.2004–11.2.2004: -5.6, -4.9, -6.1 and -5.3 mm.
-during 11.2.2004–19.3.2004: +6.9, +5.5, +7.4 and +6.0 mm.
Abutment rotations at locations 4 (5) and 13 (14), respectively:
-during 15.1.2004–11.2.2004 horizontal displacement changes were -0.7 mm and -0.8 mm and rotation
changes were -1/1729 and -1/1513,
-during 11.2.2004–19.3.2004 the horizontal displacement change was +1.4 mm and the rotation change was
1/864.

THERMAL EXPANSION LENGTH
CENTRE OF THERMAL MOVEMENTS

Variation of position of centre of thermal expansion

Thermal expansion was not at all symmetrical, and displacements due to
thermal expansion at opposite abutments varied remarkably. Abutment
T1 was much stiffer than abutment T4, and occasionally the expansion
length of a 50 m long bridge was more than 40 meters
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Bar 4 Bar 17 Bar 2 Bar 3 Average deck temperature

Variation in reinforcement bar stresses in northern pier at support T3

Bars 2 and 17 are located 1.1 m below the deck bottom and bars 3 and 4 are 9.5 m
below the deck bottom within surrounding soil. Bars 2 and 4 are at the eastern side of
the pier and bars 3 and 17 at the opposite side. The largest reinforcement stress
variation based on deck temperature change and consequent deck expansion occurred
during 7.2.–14.2.2004 considering also the tension or compression stresses
corresponding to the typical bending moment in this kind of frame structure.

Stress changes in vertical reinforcement at eastern abutment in February 2004. Bar 33
(lower diagram in figure) is situated above a pile and bar 37 at the centre of abutment.
Stresses began from zero on 3.10.2003
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According to the above diagram, the observed stress change in the reinforcement bar
during 11.2.–15.2.2004 was:  Average stress change = ∆σs = 7 MPa.
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Observed temperatures within Haavistonjoki Bridge embankment at different levels.
Level V is the highest at a depth of 1 m. Level I is the deepest at 2.5 m. The horizontal
distance from abutment T4 is 2.4 m.

In February 2004, the lowest winter temperature seems to occur at the end of the month
when at the depth of 1.8 m the lowest average temperature reaches 0°C.

Extra field test: 70 t vehicle
stops from 70 km/h to 0
km/h on Haavistonjoki
Bridge
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The field test programme for
Tekemäjärvenoja Railway Bridge /
Location of measuring equipment

The northern rail strains were
measured at 10 successive points
under loading. The relative
displacement between the deck and
the rail was measured at 4
successive points labelled K1–K4.
At support T4 abutment
displacement was measured with a
long steel bar anchored inside the
approach embankment. Earth
pressure was measured with two
cells at support T1 and with six
cells at support T4

Field test
arrangement at
Tekemäjärvenoja
Railway Bridge

Four wagons loaded with ballast were parked on the bridge with their
brakes on. The horizontal force to pull the group of wagons in the
direction of support T4 (towards Lahti-city) was transmitted through
special equipment, for example, wire cables, steel pipes and connectors.

Rail
displacement
measuring
devices and rail
strain gauges
were installed at
the bridge site
just before the
loading tests.

132



1

RFS-PR-04120 „INTAB”: Economic and Durable Design of Composite 
Bridges with Integral Abutments

International Workshop “Bridges with Integral Abutments”
Ramböll Head Office, Stockholm, May 16, 2006

Markus Feldmann
Oliver Hechler

Daniel Pak

Content

RFS-PR-04120 „INTAB”: Economic and Durable Design of 
Composite Bridges with Integral Abutment

- Introduction
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- Organisation
• Time Planning

Bridge over Fjällån

Introduction

Motivation:
– Bridges of vital importance to European infrastructure
– Request for highly advanced and economic structures
– Costs of maintenance an ever-growing problem for road 

administrations

Thought-provoking impulse:
– Research in Europe (S)

and USA
Integral bridges less
expensive to maintain and
Integral bridges 
more affordable to built 1977
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Introduction

RFS-PR-04120 „INTAB”: Economic and Durable Design of Composite 
Bridges with Integral Abutments

Objectives:
– Competitive design approaches: Actions / Resistance
– Optimisation of existing

solutions
– Answer to questions 

expected from authorities
– Promotion of integral 

composite bridges
Demonstrate possibility to
design and built an integral 
bridge in a safe and cost effective way

RFS-PR-04120 „INTAB” - Overview

Work packages:
WP 1 – Economic analysis
WP 2 – Monitoring
WP 3 – Resistance and durability of abutment details
WP 4 – Durability of composite bridges with integral abutments
WP 5 – Design guidance 

Duration:
– Project start: 01/07/2005
– Project end: 30/06/2008  (after 36 month)

Costs:
– Allowable total costs app. EUR 1.500.000

WP 1 – Economic analysis

- Objectives:
• Extend knowledge on composite bridges with integral abutments

• Identify solutions in area of current practise
• Increase database for exiting critical details

• Economic analysis - Comparison to conventional bridges

- Tasks:
• Task 1.1: Extension of the knowledge
• Task 1.2: Economic accompaniment of the tests and solutions 
• Task 1.3: Preparation of the results

Visualise performance of integral bridges
Optimisation of solutions existing

Hassiotis, S., Roman, E.K.

WP 1 – Economic analysis

Task 1.1: Extension of the knowledge

Focus:
- Components: abutment, approach slab, piles, wingwalls, 

superstructure, bridge deck

- Geometry: skew, length

- Loading 
- Behaviour of soil
- Curved Bridges
- Accepted design 

methods
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WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions

Total bridge cost(Euro/m2)

0

500

1000

1500

2000

A B C D E

Total bridge
cost(Euro/m2)

A Bridge founded above ground water level
B Bridge founded under ground water level, concrete cast in the water
C Sheet pile wall and un-reinforced bottom layer of concrete preventing water intrusion
D Elevated foundation
E Integral abutments

Nilsson och Torén (master thesis)

- 15 bridges studied (S)
- bridges recalculated

• Foundation geotechnical expert
• Price of bridge Contractor

WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions

- Integral Bridges with steel sheet pile abutments

Two step approach:
– STEP 1: Study on the benefit of the end rotational restraint (steel weight)
– STEP 2: Check whether steel sheet pile solution could transmit those end

moments as well as the vertical loads (various soils) 

Elevation view Cross section

WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions

STEP 1: Study on the benefit of the end rotational restraint 
- Span L = 30 m
- German regulations “Regelquerschnitt 10,5“
- Steel grade S355
- C30/37 [3%]

Constructional stage and normal forces in the deck not considered

ACOBRI-software

WP 1 – Economic analysis

- Benefit limited to a restraint ratio of about 50%
increase of hogging moments at support lead to moment shear 
interaction as governing design criterion
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WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions

STEP 2: Check steel sheet pile solution transmit end moments

- Several SSP wall systems scrutinized for application
fulfill the design requirements and lead to an economic solution

- Determination of rotational restraint by software RIDO

WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions

STEP 2: Check steel sheet pile solution transmit end moments

Frame calculation approach with simplified analytical approach for 
restraint

- SSP abutment:
(1) Low Stiffness: I = 60000 cm4/m , Height H = 5.0 m
(2) High Stiffness: I=700000cm4/m , Height H = 9.0 m

Composite beam:
L = 30 m
HL 1100 A
bm = 1.75 m
d = 28 cm

Benefit of soil 
not considered

WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions

STEP 2: Check steel sheet pile solution transmit end moments

- For the self weight (g0), three possible situations are considered:
– (A) Acting on the bare steel girder without frame connection (hinged)
– (B) Acting on the bare steel girder with frame connection
– (C) Acting on the composite section with frame connection

- Permanent surcharges, traffic
loads on the composite section
with frame connection

WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions

STEP 2: Check whether steel sheet pile solution transmit end moments

Simplified Approach for restraint
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WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions

STEP 2: Check whether steel sheet pile solution transmit end moments

- Comparison to RIDO software

WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions
STEP 2: Check whether steel sheet pile solution transmit end moments

WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions
STEP 2: Check whether steel sheet pile solution transmit end moments

WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions
- Conclusions:

• Calculation with simplified frame approach rather than a sophisticated 
combination of geotechnical and structural calculation procedures

• Depending on the bridge length, the stiffness of the steel sheet piling 
abutment and the load case

rotational fixation of bridge deck of 35% to 90% obtainable
• Vertical and horizontal support reactions from short and medium span 

bridges can be transmitted by steel sheet piling abutments to the 
substratum
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WP 1 – Economic analysis

Task 1.2: Economic accompaniment of the tests and solutions
- Outlook (to be investigated)

• Simplified design approach will need further investigation before 
allowing practical application

• General boundaries of application need to be investigated further
• Missing parameter is still the safe sided determination of the equivalent 

frame height in function of the characteristics of the soil, the steel 
sheet pile and the bridge deck

• Design considerations have to deal with the longitudinal forces in the 
bridge deck (from the earth pressures on the SSP abutment, from 
traffic loads, from possible restraint due to thermal elongation of the 
bridge deck)

• Execution details for connecting the steel sheet piles to the composite 
bridge deck

WP 2 – Monitoring

- Objectives:
• Interaction between structure, abutment and soil:

• Literature
• In-situ Measurement / FE-analysis

Real behaviour of bridges

• Focus:   • Temperature effects
• Approach slab
• Limitations given by the standardisation

- Delivery: Measure report

Structural impact / actions on bridge
• Occurring horizontal / vertical deflections
• Influence on structure

Outline reasonable fields of application

WP 2 – Monitoring

- In-situ measurements on existing bridges - provide answers on the 
questions for verification of the EC-requirements:
• Which horizontal and vertical deflections have to be expected?
• Which ductility of overall structure should be provided by designer?
• Which are limitations e.g. for span length, super-elevation ...?
• Which stresses occur in the connection details due to temperature?

- Monitoring period: 24 month (continues and quasi-continues)

WP 2 – Monitoring

- Bridge to be monitored by RWTH:
• Composite pedestrian bridge
• Location : situated within a distance of 6.5 km from our institute
• To be build in 2006 / 2007 over the Thalys railway track AC - Belgium 
• Spans : 32,00 m / 26,00 m
• Overall length : 59,20 m
• skew angle : 100 gon
• Width between railings : 4,50 m
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WP 2 – Monitoring

- Actions and associated responses are recorded and analysed
- Actions:

• Traffic
• Temperature (time-variation curve for one day / year)
• Active earth pressure

- Responses of the bridge are
• Movement of the abutments
• Movement of the approach slab
• Movement of the superstructure
• Strains in the main girders
• Strains in the piles

1 – earth pressure cells
2 – laser distance measurements
3 – inclinometers
4 – movements

WP 2 – Monitoring

- Ramböll / LTU – Monitoring of Leduån Bridge
• Located in a region south of town Umeå, Sweden
• Road E4 and in a region with relatively low level of traffic
• Bridge span = 40 m and width = 5 m
• Superstructure is designed as composite steel-concrete beam
• This will be the longest bridge with in integral abutments build in Sweden
• Vägverket, (Swedish Road Authority) is about to approve its design and 

allow the construction

- Monitoring objectives
• Effects from a short term loading
• Effects from long term loading
• The traffic load variation
• The seasonal temperature variation

WP 2 – Monitoring

- Ramböll / LTU – Monitoring of Leduån Bridge

• Position of temperature sensors (T)
• Position of  electrical resistant strain gauges for measuring strains (FTG)

at the mid-span

WP 2 – Monitoring

- Ramböll / LTU – Monitoring of Leduån Bridge

• Position of displacement transducers (LVDT) at the support 
measure horizontal displacement of the abutment and rotation
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WP 2 – Monitoring

- Ramböll / LTU – Monitoring of Leduån Bridge

• Position of strain gauges on the pile
to register strain level in the pile

WP 3 – Resistance and durability of abutment details

- Objectives:
• Economic composite bridges
• Safety and durability during lifetime

- Sufficient fatigue resistance
- Sufficient durability

- WP 3.1: Static and fatigue resistance against thermal induced 
longitudinal movement

- WP 3.2: Overall behaviour of an integral abutment and his effect 
on the composite structure

- WP 3.3: Approach slab

WP 3.1 and 3.2
WP 4

WP 3 – Resistance and durability of abutment details

WP 3.1: Static and fatigue resistance against thermal 
induced longitudinal movement

procedure for determination of cycle displacement capacity

- Tasks
• Focus on abutment-pile connection
• Research on allowable stresses at SLS
• 8 dynamic tests / numerical studies

- Delivery: Test report 3.1

Input for low cycle fatigue avoiding
connection (WP3.2)
Low cycle fatigue design constraints 

WP 3 – Resistance and durability of abutment details

WP 3.1: Static and fatigue resistance against thermal 
induced longitudinal movement

Previous tests
by Ramböll
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WP 3 – Resistance and durability of abutment details

WP 3.2: Overall behaviour of an integral abutment and his effect 
of on the composite structure

overall behaviour of the abutment 
development of new and innovative connection

- Tasks
• Scaled test set-ups (to be specified later)
• Possible Variations: Hinged at pile top / Pile top cast 1m with cushion / 

High strength steel
• Parameter study: different soil types
• 4 small tests or 1 full-scale test / numerical studies

- Delivery: Test report 3.2

Offer innovative detail for the connection between
backwall and pile to decrease stresses
Answer the questions expected from authorities

WP 3 – Resistance and durability of abutment details

WP 3.2: Overall behaviour of an integral abutment and his effect 
of on the composite structure

Ramböll testings

Bridge over Hökviksån

WP 3 – Resistance and durability of abutment details

WP 3.3: Approach slab
Durability and fatigue resistance of slab approach

- Tasks
• Survey and analysis of experimental results existing

- Delivery: Report 3.3

Prevention of major constructional defects
Design and construction rules for approach slabs

roadbed
reinforcement small risk of settlement

PE-foam
base layer

steel angle

approach slab

Detail A roadbed
reinforcement small risk of settlement

PE-foam
base layer

locking plate (steel or cast iron)

approach slab

Detail B

WP 4 – Durability of Comp. Bridges with Int. Abutments

- Objectives: 
• Development and testing of advanced single span integral bridges

Provide standardised solution in areas of current practise

- Tasks
• 2 static and 3 dynamic scaled tests (ratio 1:5)
• Spans from 20 m up to 52 m
• Numerical analysis to transform test results

- Delivery: Test Report 4

Confirm measurements of WP 2
Support design guidance from WP 5 
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WP 5 – Design guidance

- Objectives: 
• Provide design guidance for bridges with integral abutments fpr small and 

medium spans
• Promote application of integral bridges

- Tasks:
• Task 5.1: Design guidance
• Task 5.2: Design examples

- Delivery: Design Guide, Design Examples

to be able to design longer bridges
to be more competitive in bridge design

Demonstrate designers and bridge owners how it is possible to design 
and built an integral bridge in a safe and cost effective way

Time schedule

1st year 2nd year 3rd year Work packages Work packages’ title Deliverables
I II III IV I II III IV I II III IV

WP 1 Economic analysis        
Task 1.1    
Task 1.2      
Task 1.3

Contribution 
WP5

      
WP 2 Monitoring Measure report 
WP 3 Abutment details        
Task 3.1 Low cycle fatigue Test Report 3.1    
Task 3.2 Overall behaviour Test Report 3.2    
Task 3.3 Approach slabs Report 3.3     
WP 4 Durability Test Report 4       
WP 5 Design Guidance        
Task 5.1 Design Guidance Design Guide       
Task 5.2 Examples Design Examples       

Webpage

http://www.stb.rwth-aachen.de/Projekte/ecsc/rfs-cr-04120/index.html
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International Workshop 
Bridges with Integral Abutments

Ramböll Head Office, Stockholm
May 16, 2006

Bridges with Integral Abutments in Sweden

22006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

•Different types of integral bridges in Sweden

•Bridges designed by Ramböll

•Research

32006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

42006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments
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52006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

62006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

72006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

82006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments
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92006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

102006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

112006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

122006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

Check with/without 2 mm corrosion
Check Inner/outer pile
Check with trucks at mid span/at support
Check ULS/SLS
Check soft/stiff soil 

Example: Check at Serviceability Limit State
Criteria: N/A+ Mx/My/W <  0,9*fyk = 279 MPa 

Bending due to temperature and traffic – 185 MPa 
Bending due to side wings +181 MPa
Bending from pavement, shrinkage -110 MPa
Normal force -105 MPa
Side bending -56 MPa(wind, breaking force etc…)
stotal = -185+180-110-105-56 = 276 MPa, OK

Fatigue: ds = 56 MPa << frd(211 MPa), OK
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132006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

142006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

152006-10-23Ramböll Sverige AB

Bridge over Bridge over HHöökvikskviksåånn

162006-10-23Ramböll Sverige AB

Bridge over Bridge over HHöökvikskviksåånn
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172006-10-23Ramböll Sverige AB

Bridge over Bridge over HHöökvikskviksåånn

182006-10-23Ramböll Sverige AB

Bridge over Bridge over HHöökvikskviksåånn

192006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

202006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments
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212006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

222006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

232006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

242006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments
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252006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

262006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

272006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments
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International Workshop 
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292006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments
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International Workshop 
Bridges with Integral Abutments

67-89-0.0030.065-0.240Distributed trafic

-12-100.001-0.001-0.250Min Moment in pile- axle load

158-196-0.0050.147-0.415Max Moment in pile- axle load

20-83-0.0010.043-0.693Max Normal force-axle load

TRAFIC

53-55-0.0030.045-0.024Brake force

-1591590.008-0.1320.000Temperature -

110-110-0.0060.0920.000Temperature + 

91-91-0.0020.0760.000Shrinkage

-12120.000-0.0100.000At rest earth pressur

84-105-0.0030.079-0.232Paving

2-20.0000.002-0.005Railing + 

-39-28-0.001-0.005-0.752Concrete slab

-11-70.000-0.001-0.201Steel beams

-2762570.000-0.222-0.210Wingwalls and end screen

(MPa)

(MPa)x-defM (MNm)R (MN)

312006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

322006-10-23Ramböll Sverige AB

International Workshop 
Bridges with Integral Abutments

150



2006-10-23

9

332006-10-23Ramböll Sverige AB

INTAB-Nilsson och Torén (master thesis)

Total bridge cost(Euro/m2)
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A B C D E

Total bridge
cost(Euro/m2)

A Bridge founded above ground water level
B Bridge founded under ground water level, concrete cast in the water
C Sheet pile wall and un-reinforced bottom layer of concrete preventing water intrusion
D Elevated foundation
E Integral abutments

342006-10-23Ramböll Sverige AB

INTAB-Tlustochowicz (master thesis)
Bridge over Dalälven (124 m )

4738,5 38,5

5

5600

2.5% 2.5% 2.5%

500 6500
250

2750

total width of the bridge 10000 mm

10000

1800
2700

3600
4500

1:
4

35
00

0.64SLS- Softer soil around 
pile

0.78ULS-Hinged pile top

1.42SLS-Softer soil around pile

1.64ULS-Softer soil around pile 

1.731.321.23SLS

2.001.081.01ULS

Ø219.1x12.5X200X180Case

352006-10-23Ramböll Sverige AB

INTAB-Problem areas for integral bridges.

•Stresses that exceeds yield limit in SLS.

•Rigorous analysis.

•Deformation of soil behind backwall.
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