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Dedicated to the commemoration of the late Prof. Dr. techn. Ferdinand Tschemmernegg,
University of Innsbruck.

Preface

It is my hope that this treatise will serve as a textbook for students and as information
for civil engineers involved in bridge construction. My intent was to give a short
guideline on bearings and expansion joints for bridge designers and not to mention all
the requirements for the manufacturers of such products. These requirements are
usually covered by product guidelines, which vary between different countries.

Not all the references are related to the content of this document. They are more or less
a collection of relevant papers sometimes dealing with special problems.

I express many thanks to Prof. Dr.-Ing. Ulrike Kuhlmann, University of Stuttgart,
chairperson of Working Commission 2 of IABSE, who gave the impetus for this work;
to her predecessor of the IABSE Commission, Prof. Dr. David A. Nethercot, Imperial
College of Science, Technology and Medicine, London, for reviewing the manuscript,
and Prof. Dr. Manfred Hirt, Swiss Federal Institute of Technology, Lausanne, for his
contributions and comments.

I wish to thank J. S. Leendertz, Rijkswaterstaat, Zoetermeer; Eugen Brithwiler, Swiss
Federal Institute of Technology, Lausanne; Prof. R. J. Dexter, University of Minneso-
ta; G. Wolff, Reissner & Wolff, Wels; O. Schimetta 1, Amt der 00O Landesregierung,
Linz; Prof. B. Johannsson, Luled Tekniska Universitet, for amendments, corrections,
remarks and comments. I thank also my assistant Dipl.-Ing. Jérgen Robra for his
valuable contributions to the paper, especially for the sketches and drawings, and my
secretaries Ulla Samm and Barbara Bastian for their expert typing of the manuscript.
Finally, I would like to thank the IABSE for the publication of this Structural Engi-
neering Document.

Vienna, April 2002 Giinter Ramberger
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1 Bearings

1.1 Introduction

All bridges are subjected to movements due to temperature expansion and elastic
strains induced by various forces, especially due to traffic loads. In former times our
bridges were built of stones, bricks or timber. Obviously, elongation and shortening
occurred in those bridges, but the temperature gradients were small due to the high
mass of the stone bridges. Timber bridges were small or had natural joints, so that the
full elongation values were subdivided into the elongation of each part. On the other
hand, the elongation and shortening of timber bridges due to change of moisture is of-
ten higher than that due to thermal actions. With the use of constructional steel and,
later on, of reinforced and prestressed concrete, bridge bearings had to be used. The
first bearings were rocker and roller bearings made of steel. Numerous rocker and
roller bearings have operated effectively for more than a century. With the develop-
ment of ageing-, ozone- and UV-radiation-resistant elastomers and plastics, new ma-
terials for bearings became available. Various types of bearings were developed with
the advantage of an area load transmission in contrast to steel bearings with linear or
point load transmission, where clastic analysis leads theoretically to infinite compres-
sion stresses. For the bearings the problems of motion in every direction and of load
transmission were solved, but the problem of insufficient durability still exists. Whilst
it is reasonable to assume the life of steel bearings to be the same as that of the bridge,
the life of a bearing with elastomer or plastic parts can be shorter.

1.2  The role of bearings

The role of bearings is to transfer the bearing reaction from the superstructure to the
substructure, fulfilling the design requirements concerning forces, displacements and
rotations. The bearings should allow the displacements and rotations as required by
the structural analysis with very low resistance during the whole lifetime. Thus, the
bearings should withstand all external forces, thermal actions, air moisture changes
and weather conditions of the region.

1.3  General types of bearings and their movements

Normally, reaction forces and the corresponding movements follow a dual principle —
a non zero bearing force corresponds to a zero movement and vice versa. An exception
is given only by friction forces which are nearly constant during the movement, and by
elastic restraint forces which are generally proportional to the displacement.

Usually, the bearing forces are divided into vertical and horizontal components.
Bearings for vertical forces normally allow rotations in one direction, some types in
all directions. If they also transmit horizontal forces, usually vertical forces are com-
bined.
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2  Expansion Joints

2.1 Introduction

As mentioned in chapter 1.1, movements in old stone and timber bridges were small
and no additional devices were necessary to close the gaps between bridges and abut-
ments due to bridge movements. The first expansion joints were built for steel railway
bridges because their movements were not negligible. With the increase of road traf-
fic and of its speed, closing the gaps became necessary for safety reasons, especially
at the moveable bearings. Initially, cover plates were used for expansion joints. For
longer bridges these cover plates were not sufficient, so that finger joints and sliding
plate joints were used. All these types of expansion joints were not watertight and so
the water ran down to the bearings and to the abutments. The first watertight expan-
sion joints were built using steel rails between rubber tubes to absorb the movements.
This principle led to a lot of different multisealed expansion joints which differed in
the means of supporting the steel rails, in the rubber profiles and in controlling the gap
widths. Another type of watertight expansion joint is the cushion joint, consisting of a
rubber cushion with vulcanised steel plates which transfer the traffic loads. In spite of
continuous amendments of all constructions for expansion joints, these still remain
wearing parts, especially in bridges with high traffic density and high traffic loads.
The following chapters give a short survey of expansion joints for different move-
ments used in the construction of bridges.

2.2  The role of expansion joints

The role of expansion joints is to carry loads and to provide safety to the traffic over the
gap between bridge and abutment or between two bridges in a way that all bridge
displacements can take place with very low resistance or with no resistance at all.
A further requirement is a low noise level especially in an urban environment. The
expansion joints should provide a smooth transition from the bridge to the adjacent
areas. The replacement of an expansion joint is always combined with a traffic inter-
ruption — at least of the affected lane. Therefore expansion joints should be robust and
suitable for all loads and local actions under all weather conditions, moisture and de-
icing agents. The replacement of all wearing parts should be possible in a simple way.

2.3 Calculation of movements of expansion joints

Movements of expansion joints depend on the size of the bridge and the arrangement
of the bearings. Normally the form of construction depends on the horizontal transla-
tion orthogonal to the joint. But it is necessary to consider all translations and rotations
to ensure that the displacements will not reach the limits of the joint construction.

To describe the movements of an expansion joint in detail we have to consider three
translations and three rotations (fig. 2.3-1).






Structural Bearings and Expansion Joints for Bridges

Bridge superstructures have to be designed to permit thermal and live load
strains to occur without unintended restraints. Bridge bearings have to
transfer forces from the superstructure to the substructure, allowing all
movements in directions defined by the designer. The two functions -
transfer the loads and allow movements only in the required directions for
a long service time with little maintenance — are not so easy to fulfil. Differ-
ent bearings for different purposes and requirements have been developed
so, that the bridge designer can choose the most suitable bearing.

By the movement of a bridge, gaps are necessary between superstructure
and substructure. Expansion joints fill the gaps, allowing traffic loads to be
carried and allowing all expected displacements with low resistance. Ex-
pansion joints should provide a smooth transition, avoid noise emission as
far as possible and withstand all mechanical actions and chemical attacks
(de-icing) for along time. A simple exchange of all wearing parts and of the
entire expansion joint should be possible.

The present volume provides a comprehensive survey of arrangement,
construction and installation of bearings and expansion joints for bridges
including calculation of bearing reactions and movements, analysis and
design, inspection and maintenance. A long list of references deals with
the subjects but also with aspects in the vicinity of bearings and expansion
joints.

This book is aimed at both students and practising engineers, working in
the field of bridge design, construction, analysis, inspection, maintenance
and repair.






