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Abstract 

A technical solution to the problem of unavoidable movements in bridge structures is 
the use of bridge bearings. Bridge bearings are small integral parts of the entire 
bridge structure serving several purposes, such as connection, transfer of forces, 
allowing movements, force damping etc. However, bridge bearings could create more 
problems for the bridge structure than it solves if not properly understood, especially 
when it receives less attention than it deserves. Technical and practical issues, such 
as selection of the right bearing type for use, merits and demerits of different bearing 
types, maintenance and monitoring, replacement, life cycle cost etc. are all 
imperative to ensure that bearings satisfy their purpose. 

This study takes into consideration the practical and theoretical experience available 
for the use of bridge bearings. Two electronic surveys were used to garner knowledge 
and expertise from bridge engineers, bearing manufacturers and other stake holders 
in the course of this study, also practical knowledge concerning various types and 
problems of bridge bearings, maintenance, repair and replacement, life cycle costing 
etc. were employed in addition to physical investigation of bridge bearings in the 
Stockholm area of Sweden. 

Generally, all bearing types were found to perform their functions satisfactorily when 
in good conditions, though inevitable problem of degradation reduces the life span of 
these bearings, especially the ones made mainly of steel being affected by corrosion. 
Those made of rubber components also degrade and perform poorly in low 
temperatures and under high load magnitude, though they are the most economical 
solution to many problems, especially in seismically active areas. Modern and 
enclosed bearing types such as pot, spherical, disc, LRB, FPB etc. are best used in 
critical conditions like high vertical load, extensive degree/extent of movement, 
seismic areas etc. but they are expensive solutions due to technicality in construction, 
and they are not exempted from various problems of degradation. 

 

 

Keywords: bridges, bearing types, merits and demerits, bearing maintenance, repair, 
replacement, retrofitting, LCC, survey on bridge bearings 
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Sammanfattning 

En teknisk lösning på problemet med oundvikliga rörelser i brokonstruktioner är 
användning av brolager. Brolager är små integrerade delar av hela brokonstruktioner 
som har flera syften, som t.ex. förbindelse, kraftöverföring, att möjliggöra rörelse eller 
dämpa krafter m.m. Men brolager kan orsaka fler problem för broar än vad de löser 
om man inte förstår dem ordentligt, särskilt när de får mindre uppmärksamhet än de 
förtjänar. Tekniska och praktiska frågor som t.ex. val av rätt lagertyp för 
användningsområdet, fördelar och nackdelar med olika lagertyper, underhåll och 
bevakning, utbyte, livslängdskostnad m.m. är alla absolut nödvändiga för att se till 
att brolager uppfyller sitt syfte. I denna studie beaktas tillgänglig praktisk och 
teoretisk erfarenhet för användning av brolager. Två enkätundersökningar användes 
för att skaffa kunskap och expertis från broingenjörer, tillverkare av brolager och 
andra intressenter under studien. Även praktisk kunskap gällande olika typer av och 
problem med brolager, underhåll, reparation och utbyte, livslängdskostnad m.m. 
användes, utöver fysisk undersökning av brolager i Stockholmsområdet i Sverige. I 
allmänhet konstateras att alla lagertyper uppfyller sina funktioner till belåtenhet 
under goda förhållanden, även om oundvikliga problem med försämring minskar 
dessa lagers livslängd, i synnerhet de som i huvudsak tillverkas av stål och påverkas 
av korrosion. Även sådana brolager som tillverkas av gummidelar försämras och de 
har lägre prestanda i låga temperaturer och under hög belastning, men de är den 
mest ekonomiska lösningen på många problem, särskilt i seismiskt aktiva områden. 
Moderna och slutna lagertyper, som t.ex. pottlager, sfäriska lager, skivlager, LRB, 
FPB m.m. används helst under kritiska förhållanden som vid hög vertikal belastning, 
stora rörelser, seismiska områden m.m. men dessa lösningar är dyra p.g.a. 
konstruktionens tekniska detaljer och de undantas inte flera problem med 
degradering. 

 

Nyckelord: broar, lagertyper, fördelar och nackdelar, lagerunderhåll, reparationer, 
utbyte, efterjustering, LCC, studie om brolager 
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1  

 

Introduction 

Bearings can be termed as the mechanical part of a bridge structure. The earliest 
bridges were built of high mass of stones, bricks or timber material. Temperature 
difference accounts for expansion and reduction in these bridges, but with small 
temperature gradients because of the high mass of the bridge material. Bridges made 
of timbers reacts more to moisture content and weather conditions than thermal 
actions from temperature difference, but timber bridges are constructed with several 
joints which enables sectionalized movement in the bridges. With sophistication in 
the design and construction of bridges coupled with demands of bridges for heavy 
loads, large volume of traffic, longer life span, high durability, difficult barriers etc. 
lead to bridges being constructed with steel, reinforced and prestressed concrete or 
composite material. To aid the movement in the present type of bridge structures 
bearings have been adopted. The earliest types of bridge bearings are made of steel, 
but with problems of durability, degradations, flexibility and maintenance different 
types of bridge bearings have been developed to suite different designs and 
requirements. Current studies are aimed towards further development of bridge 
bearings to support and transfer larger forces with higher level of durability for 
lifespan that matches the bridge lifespan whilst enabling bridge flexibility at a cost 
effective means. 

 

 

 

 

 

 
Figure 1.1.Bridge structure. Source: Bridge bearings by IRICE 
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However, not all bridges are connected with bearings. Integral bridges, slab frame 
bridges etc. do not have bearings, but the design of such bridges must ensure that 
extra forces and moments from movement restriction can be taken care of by the 
structure. It is also important to note that movements of the bridge structure 
enabled by bearings are in relation to a preset allowance integrated in the bridge 
structure to accommodate elongation. This allowance is known as the expansion 
joint. 

1.1 Role of bridge bearings 

Bridge bearings are connections that transfer forces between the bridge 
superstructure (deck) and the substructures (pier, viaduct or abutment). 
Temperature difference such as increase in temperature causes the bridge structure to 
expand/elongate along its length, thereby causing movements in the bridge structure 
and vice versa, decrease in temperature causes the bridge to reduce in length. During 
seismic occurrence the bridge foundations take up forces and transfer to the entire 
bridge structure causing rigorous vibration and movements of the bridge. The bridge 
structure also vibrates and moves in reaction to forces from heavy traffic (trains, 
vehicles etc.). Creep, shrinkage and elastic deformation all result in movement of the 
bridge structure. 

1.1.1 Causes of movement in bridges 

In general, movements in bridges can be summarized to the following sources: 

- Movements due to shrinkage and creep 

- Movements due to traffic loads 

- Movements due to dead load of the bridge structure itself 

- Movements due to lateral forces acting on the bridge structure such as wind 
loads 

- Movements due to temperature changes 

- Movements as a result of settlements in supports (uniform and differential 
settlements) 

- Movements as a result of soil pressure on abutments 

- Movements due to horizontal loads such as accelerating, braking, skidding and 
traction force 

- Movements as a result of impact forces such as vehicles colliding with bridge 
structures (railings, kerbs, edge beams etc.), vehicles colliding with other 
vehicles, boats and ships colliding with piers 
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- Movements as a result of seismic activities (earthquakes, earth tremors) 

In view of the above, it is imperative to design for the movement in bridges to avoid 
extra forces and moment that generated when the bridge movement is restricted. 
These movements in bridges are enabled by bearings. The functions of a bridge 
bearing is summarized as follows: 

1.1.2 Functions of bridge bearings 

- Connects the bridge superstructure to the substructure. 

- Accommodates and transfers dynamic forces and vibrations without causing 
wear or destruction to the substructure. 

- Enables movement (translational, vertical or rotational) of the bridge 
structure in reactions to loads. 

- Controls the movement in bridge structure; direction and degree wise. 

- Ensures that deformations, which occur in the superstructure of the bridge, do 
not lead to large forces and moments in the substructure. 

- Can be used to adjust the dynamic properties of the bridge. 

- Bearings reduce shear on the head of the piers, viaducts or abutments. 

- Recent bridge bearings are designed to act as seismic protectors that arrest 
and dissipate energy during earthquakes and other seismic activities. 

1.2 Classification of bridge bearings 

1 According to support principle 
- Fixed or clamped bearing; permits rotation but no transverse or 

longitudinal movement 

- Hinge or pin; permits rotational movement while at the same time 
preventing longitudinal movement 

- Movable bearing; permits both rotational and translational movements 

- Guided bearing; permits only translational movements 

2 According to material 
- Steel bearing 

- Rocker/Linear bearing 
- Roller bearing 
- Sliding plate bearing 
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- Combined roller and rocker bearing 
- Rubber and combined bearing 

- Laminated elastomeric bearing 
- Plain elastomeric bearing 
- Lead rubber bearing 

3 According to design 
- Pot bearings 
- Spherical bearings 
- Elastomeric bearings 
- Disc bearings 
- ILM (incremental launch) bearings 
- Lifting and measuring bearings 
- Deformation bearings 
- Special bearings 

 
4 Seismic isolation bearings 

- Friction pendulum bearings 
- Lead rubber bearings 
- High damping rubber bearings 

1.3 Significance of study 

It is important to note that bridge bearings require proper maintenance, inspection 
and repair when needed, being the mechanical part of the bridge structure and as 
they need to maintain movement (translational or rotational) in the bridge structure 
at all times. Failure to do this could lead to malfunctioning and failure of the bridge 
bearings, which could eventually lead to failure of the bridge structure itself if not 
repaired in due time. Usually life span of the bridge bearing is less than life span of 
the bridge itself. If the bridge bearing is not properly maintained it can fail even 
before its own life span. Failure of the bridge bearing could consequently lead to 
failure of the bridge itself before its life span, hence the cost of putting the bearings 
in good conditions is high, but small compared to the cost of remedies for its failure. 

Repair and replacement of failed bridge bearings does not only require skilled 
construction, it also requires a lot of technical and financial cost. If not properly 
executed it could affect the bridge traffic, which in turn leads to compensation cost, 
delay cost, traffic diversion cost, accident cost etc. that may be incurred as a result of 
the repair. These increase the life cycle cost of the bridge structure. To minimize 
maintenance cost it is important to make an appropriate choice of bearing during the 
bridge design and construction.  

A good knowledge of bearing types, bearing capabilities (maximum vertical load, 
degree of movement etc.), bearing life cycle cost, maintenance, repair or replacement, 
reliability etc. will help in using the appropriate type of bearing. Also, proper 
monitoring of bridge bearings can help predict and forestall failure of bridge bearings. 
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Increasing demand for bearings that can withstand higher loads and with increased 
durability, ease of maintenance, repair and replacement, longer life cycle that will 
match the life cycle of the supporting bridge itself etc. coupled with the advent of 
high speed trains as a result of increased traffic demands means more study should 
be channelled towards understanding and improving bridge bearings. It is also 
imperative to carry out an optimal evaluation of bridge bearings as most in-use 
bridge bearings are designed for lesser loads, some are not designed for high 
vibrations and some have degraded due to rust, corrosion and other component 
failure. 

1.4 Aim and scope 

This thesis is aimed at evaluating different choices of bridge bearings for optimum 
use. Different kinds of bridge bearings have been developed over the ages to suite 
different requirements and demands. These bearing types range from one 
manufacturer or designer to another and they are suitable for use in different parts of 
the globe considering tropic, humid, arctic or seismic regions etc. coupled with 
increasing demand for higher volume of traffic and larger traffic forces, fast speed 
trains that will induce high vibrations that can be compared with minor earthquake 
vibrations, longer life span that matches the life span of the bridge structure itself, 
durability and sustainability etc. All in a bid at cost effective means, hence it is 
imperative to carry out a holistic review and assessment of different types of bridge 
bearings. Further improvement and development on bridge bearings can be 
developed when shortcomings of the different types are known. The stability and 
stiffness of a bridge is highly influenced by the efficiency of the bridge bearing, 
therefore a good bridge will not be effective if the supporting bearings are faulty. The 
major aims are to: 

- Perform a review of previous research, Eurocode’s specifications and 
manufacturer’s quality specifications on bridge bearings. 

- Identify failure modes in bridge bearings through practical investigation and 
suggest remedies. 

- Conduct a survey on bridge bearings to garner practical knowledge concerning 
bridge bearings. 

- Investigate how bridge bearings can be monitored, maintained, replaced or 
upgraded and the effective means and cost of achieving this. 

However, this work will not be detailing the test carried out either on the 
components of bearings or on a bearing as a whole due to the specialized and capital-
intensive test equipment required. Manufacturer’s test laboratories may be visited 
and interviews granted to seek practical knowledge to complement theoretical 
knowledge of the subject. 
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1.5 Literature review 

Sang-Hyo Kim et al (2006) studied the behaviour of a multi-span bridge simply 
supported by fixed and movable bearings before and after bearing damage, using 
analytical models concluded that damage in a pot bearing due to excessive seismic 
forces transmitted from the superstructures during seismic excitations played a major 
role in the unseating failure of a bridge system. Huth and Khbeis (2007) studied the 
behaviour of pot bearings after 32 years of service by in situ and laboratory tests. 
They observed, through the study of accumulated sliding path, restoring moments 
etc. as well as visual inspections that sensitive parts of pot bearings, e.g. inner sealing 
and lubrication, showed clear deterioration appearances and during in situ 
measurement they discovered that pot bearings after 32 years of service were in an 
acceptable working condition assuming unchanged loading. They concluded that pot 
bearings serviceability would not be affected, but unacceptable damage to the 
bearings at higher vertical loads and/or higher rotational movements would occur 
with time. 

Shinji Tanimura et al (2002) studied the ‘’Dynamic fracture of a spherical bearing 
due to the great Hanshin-Awaji earthquake’’ and found that sufficient high stress 
leads to fracture of the upper concave bearing part when a relative impact velocity of 
5-6 m/s exists between the upper concave and the lower convex bearings during 
violent earthquakes, hence effective structures should be designed to avoid any 
separation of components. In developing a design procedure for bridges on lead-
rubber bearings, Turkington et al (1989) studied the ‘’Response of bridge 
superstructures supported on lead-rubber bearings subjected to El centro 1940 N/S 
and Parkfield earthquakes using parameters such as lead plug sizes and aspect ratio, 
bearing thickness and yield strength, pier, abutment and superstructure stiffness’’ 
and concluded that lead-rubber bearings combined with elastomeric bearings provide 
effective means of distributing the response forces between piers and abutments as 
required, thicker lead-rubber bearings result in greater effective period shift and a 
greater amount of effective damping. However, the height of the bearing is limited 
due to roll-out failure which has higher probability of occurring in elastomeric 
bearings than in lead-rubber bearings. The effectiveness of lead-rubber bearings and 
elastomeric bearings reduces with reduction in the stiffness of the substructure. 

A study using parametric finite element investigation of the critical load capacity of 
elastomeric strip bearing by Gordon and Jared (2011) showed a trend of decreasing 
critical load capacity with increasing shape factor for a given lateral displacement, 
with some exceptions, where the critical load capacity reduces at a faster rate with 
lateral displacement in bearings with higher shape factors. Where the shape factor is 
a geometric parameter defined as the ratio of the loaded area to the area that is free 
to bulge for an individual rubber layer. The results of this study suggest that the 
critical load of an elastomeric bearing depends on the bearing geometry. Burtscher 
and Dorfman (2004) worked on the compression and shear tests of anisotropic high 
damping rubber bearings, which was done by arranging all steel reinforcing plates to 
form a given angle with respect to the horizontal plane and comparing the vertical 
stiffness of bearings with different shape factors. They found that the stiffness 
increases with increasing shape factor, the same stiffness reduces with an increasing 
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slope of the reinforcing plates (with constant shape factor) and that the horizontal 
stiffness increases with the slope of the steel reinforcing plates for shear strains up to 
100%. For shear strains above this value, the response of all bearings tend to 
converge, and for large horizontal displacements, no significant difference in stiffness 
was observed. They attributed the phenomena to the flattening of the V-shaped 
plates for shear strains above a limit value and the cavitations in the rubber 
compound. 

“Compression behaviour of bridge bearings used for seismic isolation” by A Mori et al 
(1996) describes the behaviour of elastomeric bearings and lead rubber bearings when 
tested under compressive axial force in comparison to compressive stiffness according 
to design codes. They concluded that large difference occurs between measured 
compressive stiffness and calculated compressive stiffness from design codes BE 1/76 
and BS 5400, which is probably due to difficulty in taking account of the effect of 
bulging of the rubber layers, however empirical equation for bearing compressive 
stiffness proposed by Derham and stipulated in Japanese manual behaved well. 
Compressive stiffness of LRB and EB were almost the same after the lead plug stated 
to carry axial load. The compressibility of rubber used for calculating the 
compressive stiffness of bearings in some design equations is not necessarily an 
important factor for bearings with a shape factor around 10. The theoretical and 
measured normal stresses suggest that normal stress distribution across the bearing 
surfaces are parabola like and that the maximum normal stress is about twice the 
average compressive stress from the applied axial load. Also, normal stress 
distribution across LRB face is similar to that of EB, despite the lead plug. To keep 
bearing behaviour in a predictable range, and minimize damage in rubber of bearings 
in long term, it is desirable to design bearings in an elastic range under compression. 

1.6 Methodology 

The vast proportion of this research is aimed to garner comprehensive knowledge on 
bridge bearings. This is achieved by: 

1. Literature review: A detailed review of previous works on bridge bearings 

was done to have background knowledge on bridge bearings. Texts, technical 
papers from journals and conference proceedings, bearing manufacturer’s 
catalogues and profiles, codes (EN 1990, 1991 and 1337) were consulted to 
garner knowledge on bridge bearings. Information was also sourced from the 
internet. 

2. Physical investigations: This was basically carried out by visiting bridge 

sites to identify bearing types used on different bridges. The conditions of 
these bearings were observed and pictures were taken. Information such as the 
bridge type, bearing type, bridge location, bearing conditions and possible 
problems etc were obtained from this process. 

3. Technical survey: Two technical surveys were conducted through the course 

of this research. The first survey is meant to target knowledge, experience and 
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expertise of bridge bearings available from bridge engineers, and the second is 
targeted on bearing manufacturers to capture knowledge on quality, 
production and cost of bridge bearings. Since lot of information was to be 
garnered from these surveys, the quality of the research was dependant on the 
level of response to these surveys. To capture a large audience and response to 
these surveys, both surveys were hosted electronically on the web platform of 
Zoomerang (www.zoomerang.com), a professional survey management 
company in the United States of America. Because these surveys were 
electronic, it was possible to dispatch it to a large range of audience around 
the world in different sectors, ranging from bridge maintenance and repair, 
bridge design and consultancy, bridge construction, bearing manufacturers etc. 
The survey for bridge engineers was eventually completed from engineers 
practicing or that have practiced in 44 different countries around the world. 
The survey for bearing manufacturers was also completed by 10 different 
renowned bearing manufacturers producing bridge bearings in different parts 
of the world. The success of these surveys guarantees a high quality of 
expertise on the use of bridge bearings in different parts of the world. The 
knowledge garnered is not limited to particular countries or continents, but is 
universal. 
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2  

 

Bridge Bearings 

2.1 Steel bearings 

Steel bearings are the oldest types of bearing. The most common types of steel 
bearings are the roller (single or multiple) bearing, rocker bearing, sliding steel 
bearing and a combination of roller and rocker bearing. Various types of steel 
bearings have been developed, depending on the intended functions, such as the 
pin/hinged type that permits rotational movement while preventing longitudinal 
movement, fixed or clamped type that permits rotation but no transverse or 
longitudinal movement, guided type that permits only translational movements and 
the movable types that permits both rotational and translational movements. 

2.1.1 Pin bearing  

      
     

      
 
 
 
 
 
 
 
 
 

Figure 2.1. Pin bearing. Source: Bearings for bridges lecture notes 
 
Pin bearing permits rotational movement, while at the same time preventing 
longitudinal movement. It rotates by means of a circular steel pin, connected to 
circular recessed surfaces, fitted with caps that resist uplift forces and prevents the 

Chapter 

Steel pin 

Sole plate 

Masonry  

plate 

Anchor bolts 
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pins from sliding off the seats. The pin functions by transferring forces through 
rotation from the sole plate which is attached to the superstructure (deck, girders) to 
the masonry plate which is attached to the substructure (abutment, piers). The 
plates are usually anchored by bolting or welding to the bridge structure, which 
resist translational movements.  

2.1.2 Rocker bearings 

 

 

     

 

 

 

 

 

 

 

 

 
 

 

Figure 2.2. Rocker bearing. Source: www.cedengineering.com, bearings for bridges 
lecture notes 

 

Rocker bearings can support high loads and can be used where pot, spherical and 
other high capacity bearings cannot be used due to limited space. Rocker bearings 
can be of different forms:  

- Linear rocker bearing which is of three types, fixed, guided sliding or free 
sliding 

- Pinned rocker bearing 
- Rocker nest bearing 
- Segmental rocker bearing 

Rocker bearings are applicable for conditions where only longitudinal movement is 
allowed and where transverse movement is to be prevented. They operate by the 
movement of a rocker in between the sole plate and masonry plate as the bearing 
takes up forces from the superstructure. 

  



2.1. STEEL bearings 

 11 

 

 

 

 

 

 

 
 

a) Linear rocker bearing          b) Pinned rocker-bearing 

Figure 2.3. Rocker bearing types. Sources: www.mageba.ch , 
www.nisee.berkeley.edu/elibrary/Image/GoddenD17 

2.1.3 Roller bearings 

Roller bearings are similar to rocker bearings in principle. They are applicable for 
conditions where longitudinal movement is allowed and where transverse movement 
and rotation is to be prevented. They consist of a cylinder instead of a rocker in 
between the sole plate and the masonry plate. The cylinder made of high-grade steel 
to avoid friction rolls as the bearing takes up forces from the superstructure. Roller 
bearings can be in form of a single roller, roller shutter and multiple rollers as shown 
in the figures below. Rollers have been combined with rocker to allow for more 
precision in the movement. 
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a) Single roller bearing       b) Multiple roller bearing        c) Gear like roller bearing 
 
 
 
 
 
 
 
 
 
 
 
 
  d) Combination of roller and rocker         e) Combination of roller and rocker  

Figure 2.4. Different types of roller bearing. Sources: www.cedengineering.com , 
www.rwsh.de/htdocs/content/referenzen.html?id=25c , bearings for bridges lecture 

notes 

2.1.4 Sliding plate bearing 

Sliding plate bearings are the simplest form of bearings.  They allow transverse or 
longitudinal depending on the construction but no rotation. They are mainly made 
up of the sole and masonry plate. Each of the plate made to slide against the other 
via a smoothened surface to eliminate frictional resistance. The sliding surface could 
be engineered with some other materials to ease the sliding of the plates. The 
material composition of the sliding surface determines the type of sliding plate 
bearing, which could be steel (preferably stainless), bronze, lead, glass fiber, graphite, 
PTFE (polytetrafluorethylene) etc. 

Sliding plates can be used either alone or as components in enclosed bearing types 
(spherical, pot, disc etc.). Sliding plates when used alone are guided to control 
direction of movement, they are fixed to the super and substructure by either 
welding or using anchor bolts through the plates. Also when used alone they are 
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suitable for only short span bridges where rotations because of deflection at the 
support are negligible. 

Frictional forces developed in the sliding surface act on the superstructure, 
substructure and the bearing itself and they are the product of the friction 
co-efficient and the normal force acting on the sliding surface. In principle a high 
friction co-efficient caused by poor lubrication, rough sliding surface etc. will result in 
high friction force and vice versa. Figure 2.5 below illustrates sliding plate bearing. 

 

 

 
 

 

 

 

a) Bronze sliding plate              b) Lubricated steel sliding plate 
Figure 2.5. Sliding plate bearing. Source www.cedengineering.com  

2.1.5 Merits of steel bearings 

- Steel bearings are economical solutions as they can be easily fabricated by 
steel manufacturers 

- Steel bearings can be easily installed 
- Steel bearings are relatively cheap, available and easy to procure 
- Steel bearings can be used where limited space is available for the bearings, 

for instance on a single slender pier. 

2.1.6 Demerits of steel bearings 

- Failure in connections and anchoring components (rivets, bolts, welds) that 
prevents uplift and shear  

- Some parts (sliding surfaces, pins etc.) requires lubrication and may worn 
out if not properly lubricated 

- Partial uplift and excessive wear of steel 
- Tilting under high load 
- All functioning parts are made of steel hence the problem of durability, 

rust and corrosion leading to restrictions in movement 
- Cracking of steel sliding surfaces 
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- Steel bearing’s structure, lubricants and components traps dirt and 
moisture, which leads to corrosion and freezing of the bearing. 

- Relatively high maintenance cost  

2.2 Elastomeric bearings 

 

 
 
 
 
 
 
 
 
 

 
a) Elastomeric bearing with anchor plate     b) With restraining plates 

Figure 2.6. Elastomeric bearing. Source: www.mageba.ch. 

2.2.1 Concept 

An elastomeric bearing allows movements in all directions by elastic deformation and 
rotation around every direction thereby allowing transfer of forces from one 
component to another. The elastomeric block can be either rectangular or circular in 
shape. An elastomeric block is made mainly of elastomer (natural rubber or synthetic 
rubber) which is capable of regaining its initial shape and dimension when subjected 
to loads within its elastic range, but when supporting high vertical loads it deforms 
vertically, which then result in bulging of the rubber. The deformation of the rubber 
has to be controlled to keep it within the allowable elastic range. Excessive 
deformation can result into sliding hence there is a need for the rubber block to be 
reinforced by horizontal steel plates under high vertical loads. The steel plates 
prevent the rubber from bulging, the thickness and number of steel plates depends 
on the magnitude of the vertical load the bearing will support. The steel plates are 
chemically bonded to the rubber in layers during vulcanization. In addition, to 
prevent sliding between the bearing, substructure and superstructure friction has to 
be controlled. This is done by adding restraining steel plates added to the elastomer 
on top, bottom and sides of the bearing, which is then connected to the structures by 
studs, bolts or pins, as shown in figure 2.6b above. 
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2.2.2 Types of elastomeric bearings 

Elastomeric bearings could be rectangular or circular in shape depending on the 
design and usage. Elastomeric bearings are generally plain elastomeric pads or 
laminated elastomeric bearings with steel sheet reinforcement depending on the 
design. They are further illustrated in the figures below. 

 
 
 
 
 
 
 

 
 
 
a) Plain rectangular elastomeric bearings      b) Laminated elastomeric bearings 
 
 
 
 
 
 
 

 

 
c) Circular elastomeric bearings           d) Hollow elastomeric bearings 

Figure 2.7. Elastomeric bearing types. Sources: Bearings for bridges lecture notes, 
www.gadabinausaha.wordpress.com/galeri/circular-bearing-pad/ 

www.tootoo.com/list.html?kw=Elastomeric_Bearing_Pads&src=product 

2.2.3 Test methods 

Elastomeric bearings are subjected to different quality assurance tests according to 
EN 1337-3. The tests and controls are carried out by bearing manufacturers under 
inspection and continuous monitoring by supervising authorities according to 
Europeans standards. Only bearings that are approved of accepted qualities are 
marked CE. The common tests performed on elastomeric bearings are as follows: 

Short-term behaviour tests 

- Shear modulus test for the determination of shear modulus G. 
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- Shear strength test to determine shear bond. 
- Compression test to measure deformation of specimen according to 

predetermined compressive stress. 
- Rotation behavior to measure angle of rotation and contact surface loss under 

an increasing eccentric compressive force of predetermined value. 

Long-term behaviour tests 

- Creep test to determine creep in compression at a minimum duration of one 
month, 25 MPa compressive stress and ambient temperature of  – 23°C ± 2°C. 

- Stress relaxation test at a minimum duration of three months, 6 MPa and 
ambient temperature of – 23°C ± 2°C to determine stress relaxation in shear. 

Environmental influence tests 

- Accelerated ageing and heat resistance test 
- Salt fog resistance test 
- Adhesion bonding or non-slip condition test 
- Ozone resistance test 

Dynamic effects behaviour; the behaviour of the bearings to dynamic behaviours such 
as impacts, earthquakes, cyclonic winds etc are determined according to EN 15129 
norm on anti-seismic devices. 

2.2.4 Merits of elastomeric bearings  

- Reinforcing steels are enclosed in elastomer therefore protected against 
corrosion. 

- Long life span with little need for maintenance. 
- Suitable for large bearing rotation. 
- Good performance under moderate seismic activity. 
- Moderate cost. 

2.2.5 Demerits of elastomeric bearings 

- Errors in dimensioning that leads to slide plate been too short, insufficient 
area of elastomeric lamination, insufficient number of reinforcing steel plate. 

- Problems from improper installation such as insufficient anchorage, improper 
connection between the bearing, substructure and superstructure. 

- Defects arising from poor product quality such as corroded steel, inadequate 
vulcanization, poor rubber quality etc. leading to splitting, slippage, cracking 
of the rubber. 

- Bulging of rubber in bearing due to compression and rotation. 
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- Delamination from steel reinforcement as a result of shearing stresses near the 
edge of the bearing. 

- Tears under strong earthquake but easily replaceable compared to other types 
of bearings. 

- Freezing and stiffening of the rubber at low temperatures. 
- Problem of fatigue as a result of temperature changes the properties of the 

rubber with time. 

2.3 Pot bearings 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.8. Pot bearing.  Source: www.mageba.ch. 

2.3.1 Concept 

Pot bearings can generally withstand higher vertical loads compared to elastomeric 
bearings, which make it applicable as launching bearing used during construction of 
bridges or lifting bearing used on special bridges that requires lifting of bridge deck, 
when needed, and at sea ports for the lifting of cargo containers. Pot bearings allow 
three dimensional movements in all direction by sliding and rotation, depending on 
the design which can be fixed, free sliding or guided sliding as illustrated below. 

 
 
 
 
 
Free sliding pot bearing, movable in all directions and therefore cannot accommodate 
any horizontal force. 
 
 
 



CHAPTER 2.BRIDGE BEARINGS 

 18

 
 
 
 
 
 
Centrally guided pot bearing, movable in one direction and can accommodate 
horizontal forces perpendicular to this direction. 
 
 
 
 
 
 
Fixed pot bearing, immovable and can accommodate horizontal forces from any 
direction. 
Pot bearings can be modified for use as, 

a) Incremental launch bearing; applicable for bridge construction by launching 
system. 

b) Force measuring bearing; use for measuring and monitoring forces acting on 
the structure electronically. 

c) Uplift protection bearing; use to accommodate high uplift loads encountered 
during construction or service life of a structure. 

Pot bearings are made up of an elastomeric pad confined in steel cylinder or pot, 
which is fitted on the top with a steel plate (piston). The piston has a 
polytetrafluorethylene (PTFE) layer fitted to the surface to enable a sliding plate. 
This sliding plate can be fitted with graduated scales to monitor displacement during 
service. The elastomer behaves like a viscous fluid under high pressure flowing to 
allow rotation and tilting movements of the piston about any horizontal axis. The 
figures below show the various components of pot bearings. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.9. Pot bearing components obtained from bridge bearing manufacturer. 

Source: www.mageba.ch. 
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Figure 2.10. Pot bearing components. Source: www.setra.equipement.gouv.fr 

2.3.2 Merits of pot bearings 

- They can support considerable high vertical load of up to 30MN with little 
space required, higher capacities can also be obtained depending on the design. 

- It is satisfactory in safety and operation. 
- The design is simple hence production can be rationalized. 
- Generates less force in elasticity in comparison to other types of bearing. 
- Distributes loads uniformly through the structure as a result of hydrostatic 

pressure developed in the bearing. 
- Good technical solution when certain level of displacement and vertical 

loading are required provided appropriate sliding systems are employed. 
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2.3.3 Demerits of pot bearings 

- Limited rotation capacity. 
- Requires high precision and accuracy in installation. 
- Low manufacturing tolerances therefore requires lot of manufacturing 

resources and high quality control during production. 
- Comparatively high cost since it requires a lot of precision, control and 

accuracy. 
- Bulging of the elastomer thereby affecting the rotation capacity. 

2.3.4 Common problems encountered 

- Poor or improper installation. 
- Underperformance of the sliding system. 
- Corrosion of the stainless steel sliding plate. 
- PTFE displacement. 
- Production problem of paint been applied on the sliding plate during the 

painting of the metal framework. 
- Bulging or extrusion of the elastomer as a result of defect in seal, excessive 

rotations beyond allowable range and improper design. 

 

 
 
 
 
 
 
 
 
 

 
 

Figure 2.11. Pot bearing with shear connections. Source: www.mageba.ch. 
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2.4 Spherical bearings 

 

 
 
 
 
 
 
 
 
 
 
Figure 2.12. Spherical bearing with shear connections. Source: www.mageba.ch. 

2.4.1 Concept 

Spherical bearings allow three-dimensional movements. They are designed for very 
high vertical, horizontal and lateral loads, also for large rotational displacements. 
Like pot bearings, they can be fixed, free sliding or guided sliding depending on the 
design. Spherical bearings have been structurally improved and designed for use as, 

a) Incremental launch bearing; applicable for bridge construction by launching 
system. 

b) Force measuring bearing; use for measuring and monitoring forces acting on 
the structure electronically. 

c) Uplift protection bearing; use to accommodate high uplift loads encountered 
during construction or service life of a structure. 

Spherical bearings are made up of concave and convex plate mounted on flat sliding 
surfaces, the convex plate is made up by either aluminium, brass, chrome or stainless 
steel and the concave plate is made of smooth finished steel lined with a lubricated 
dimpled polytetrafluorethylene (PTFE) popularly branded as Teflon, special type 
developed by Mageba is called robo slide. This enables the sliding of the convex 
surface with the concave surface. The system involves negligible friction in the sliding 
and spherical surfaces, which enables rotation in any direction about horizontal and 
vertical axis. In addition, the spherical bearing surfaces enable large tilting angles 
with little resistance and less turning moments. 

The figures below show the structure of spherical bearing according to a major 
manufacturer, Mageba. 
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Figure 2.13. Spherical bearing components. Source: www.mageba.ch. 

 
 
  
 
 
 
 
 
 
 
 

 
 
 

  a) Stainless steel convex surface plate      b) concave surface plate lined by 
Mageba’s robo slide 

Figure 2.14.Concave and concave components of spherical bearing components. 
Source: www.mageba.ch. 

2.4.2 Merits of spherical bearings 

- Spherical bearings are easy to install and can be easily replaced. 
- Spherical bearings are cost effective with respect to its capabilities. 
- Limited maintenance required. 
- Allows greater rotation compared to pot bearings which makes it suitable for 

bridges susceptible to large turning angles and high torsion forces such as wide 
and curve bridges. 

- Does not use elastomer or rubber hence there are no problems of rubber aging 
affecting the rotation of the bearing.  

- Suitable for low degree temperature even for temperatures as low as -50°C. 
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- Suitable for structures supporting high vertical loads, frequent high 
displacements from traffic and for structures that requires fast bearing 
movement such as bridges for high speed railways. 

2.4.3 Demerits of spherical bearings 

- They are expensive due to technicality in construction. 
- Wear of PTFE. 
- Corrosion of the stainless steel sliding plate, 

2.5 Seismic isolation bearings 

2.5.1 Lead rubber bearings 

Lead rubber bearing is modification of laminated elastomeric bearing by the addition 
of a lead core at the centre of the bearing to provide energy dissipation by damping. 
The main body is made up of steel plates chemically bonded to rubber in layers by 
vulcanization. Depending on the design, LRB could have more than one lead core. 
The top and bottom of the steel plates are fitted with plates doweled to facilitate 
installation. The steel and rubber layers provides stiffness, strength and flexibility in 
the vertical direction to support the weight of the structure it is supporting and 
combined with the lead core provides flexibility, energy dissipation and damping in 
the horizontal direction. Lead rubber bearings as laminated rubber bearings can be 
either rectangular or circular in shape as shown in the figure below. 
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a) LRB components                              b) LRB deformation under loading 

 

  

 

 

 

 
c) Circular LRB  d) Rectangular LRB 

Figure 2.15.Lead rubber bearing. Sources: www.cedengineering.com, 
www.fzgcxj.com/news/7743822.html, www.alibaba.com/product-

free/215769733/Lead_Rubber_Bearing/showimage.html 

2.5.2 Merits of lead rubber bearings 

- Good energy dissipation capabilities 
- Good performance under seismic loadings and isolating structures by 

extending the natural period 
- Cost effective for seismic protection 
- Reduces horizontal displacement of the isolated structure 
- Relatively long life span with less maintenance required 
- Good re-centring capabilities from its elastic properties 

2.5.3 Demerits of lead rubber bearings 

- Aging of the rubber component 
- Freezing and stiffening of the rubber at low temperatures may cause the 

bearing to malfunction 
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- Large lateral displacement may result in damage to the bearing and 
subsequently to the structure it supports 

2.5.4 Friction pendulum bearings 

FPB employs the phenomenon of a pendulum to lengthen the natural period of the 
structure it is supporting. It is made of an articulated slider that moves along a 
concave stainless steel surface thereby allowing the structure to move in pendulum 
motions. The articulated slider is coated with self-lubricating composite liner (Teflon 
or other patented substitute according to manufacturers). The natural period of the 
FPB depends mainly on the radius of curvature of the concave surface and is given 
by, 
 T = 2π√R/g    (1)  
 
Where R is the radius of curvature and g is the acceleration due to gravity. The 
lateral stiffness of the bearing charged with the re-centring capability depends on the 
weight of the structure and is given as, 
 
      K = W/R    (2)  
 
The articulated slider movement generates a dynamic friction force, which provides 
damping. Lateral load V is been transferred to the structure as the bearing slides to a 
distance u and it is given by, 
 
   V = (u/R +µ) W    (3)  
 
Where µ is the friction co-efficient, which is dependent of the contact pressure 
between the Teflon coated slider and the stainless steel surface. The co-efficient 
decreases with increased pressure and a typical value of this are between 3-10%. The 
energy dissipated by one cycle of sliding with amplitude D is given as, 
  E = 4µWD    (4)  
A typical hysterical loop of the lateral force of FPB in cyclic motion is shown below. 
 

 

 

 

 

 

 

Figure 2.16. Lateral load hysteresis 

Lateral load 

displacement 

Dissipated energy 
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a) Single and triple pendulum FPB. Source; 
www.earthquakeprotection.com/product2.html# 

 

 

 

 

 

 

 

 
 

b) FPB components. Source; 
www.rebar.ecn.purdue.edu/ect/links/technologies/civil/isobearing.aspx, 

www.manishkumar.org/gallery.htm 

Figure 2.17. Friction pendulum bearing 

2.5.5 Merits of friction pendulum bearings 

- Good re-centring capabilities using pendulum motions 
- No need for bearing restraints as the bearing restraint is provided by the 

pendulum’s potential energy 
- Low friction co-efficient 
- Major seismic movements occur in the bearings 
- Good energy dissipation capabilities 
- Not affected by temperature changes 
- Can accommodate large levels of displacement 
- Good torsion resistance 
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- Good durability 
- Specifically suitable for seismic protection 

2.5.6 Demerits of friction pendulum bearings 

- Horizontal forces generated from high seismic activity is capable of forcing the 
pendulum out of the bearing radius hence requires proper design of the 
bearing radius. 

- Requires large bearing radius for high forces though with less height. 
- Technical to construct and as such might be expensive. 

2.6 Articulation of bridge bearings 

The selection and arrangement of bearings for use in bridges according to their 
degree of movement is known as articulation. Bridge bearings can be fixed, 
translational, rotational or movable (translational and rotational combined). The 
bearing types used determines the overall movement and re-centring (returning to 
initial position after movement) of the bridge structure, also the location of the fixed 
bearings influences the re-centring and movement of the bridge. It is therefore 
important to understand which bearings should be fixed or movable though this 
subject is the prerogative of the bridge designer with guidance from applicable codes 
some practical options according to Spennteknikk (bearing manufacturer) are 
enumerated as follows. 

             Table 2.1. Bearing legend 
Legend
  

Description Bearing types 

 Fixed in translation, 
rotation in all 
directions 

Pin, fixed enclosed 
(pot, spherical, disc) 
pin rocker, fixed 
elastomeric 

 
Translation in one 
direction and rotation 
in all direction 

Guided enclosed (pot, 
spherical, disc), 
restrained elastomeric 

 

Translation in one 
direction, no rotation 

Rocker, sliding plate, 
roller 

 

Translation and 
rotation in all 
directions 

Pot, spherical, 
elastomeric, LRB, FPB, 
disc 
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Source; www.spennteknikk.no/brosjyrer/TobeFR4-Pot-Bearings-24022011.pdf 

Figure 2.18. Bearing articulation examples 
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Source; www.spennteknikk.no/brosjyrer/TobeFR4-Pot-Bearings-24022011.pdf 
Figure 2.18. Bearing articulation examples 
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3  

 

Bearing maintenance, repair and 

monitoring 

3.1 Bearing maintenance 

 

Maintenance of bridge bearings is a very trivial part of bridge maintenance, since 
bearings, when not properly maintained, could lead to a malfunctioning bearing. A 
malfunctioning or faulty bearing that is not rectified would resist movement, which 
creates stresses and moments in the bridge structure that could lead to failure. 
Malfunctioning bearings in a bridge structure can manifest with the following defects 

- When rust stains are visible flowing down on the pier or abutments, pictures 
are shown below 

- When noise can be heard from the bridge bearing when traffic passes the 
bridge 

- Spalling or cracking of concrete on the top of the pier or abutment around the 
bearing 

- Lean pier or abutment 
In addition, some defects at the bridge joints can be because of malfunctioning 
bearing  

- Uneven bridge railings at the joint 
- Bumps at the bridge joint 
- Excessive opening in a joint in relation to other joints on the same bridge or 

opening at a joint when other joints on same bridge are closed 
Figures below shows some manifestations of defective bearings 
  

Chapter 
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Figure 3.1. Visible rust stains running down piers 
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.2. Bumps at bridge joint and uneven railings. Source: 
www.sidestreets.freedomblogging.com/tag/colorado-department-of-transportation/ 
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Figure 3.3. Bridge unseating failure caused by rocker-bearing failure. Source: 
www.sidestreets.freedomblogging.com/files/2012/01/Rocker-Bearings-Northeast-

report.pdf 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4. Spalling of concrete around the pier or abutment. 
Sources: www.freyssinet.co.uk/tag/suspension-bridge/ , www.cedengineering.com, 

www.eqclearinghouse.org 
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Generally, maintenance of bearings can be preventive or corrective. Preventive 
maintenance is carried out to prevent failure of the bearing. Preventive maintenance 
is commonly 

- Cleaning 
- Painting 
- Lubricating 
- Inspection  
- Safety measures 
- Sealing deck joints that allows leakage of rainwater, de-icing salts and dirt to 

the bearing areas 
- Monitoring etc. 

Corrective maintenance are characterized by problems that have prevented the 
functions (rotation, translational movements, transfer of forces etc.) of the bearing 
and should be carried out immediately to correct failures of the bearing and prevent 
failure of the bridge structure. Problems such as, 

- Frozen bearing 
- Failure in connections and anchoring components (rivets, bolts, welds) that 

prevents uplift and shear  
- Massive corrosion of the bearings causing section loss 
- Displacement of the bearing, visible misalignment and loss of components 
- Torn out or clearly bulged rubber in elastomeric bearings 
- Tilted bearing as a result of high load from the superstructure 
- Damaged bearings from seismic activities etc. 

Corrective maintenance is in form of replacement, repair, retrofitting, and 
refurbishment. 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 3.5. Massive corrosion of bearings. Source: www.cedengineering.com , 
www.dot.state.mn.us/bridge/manuals/inspection/BridgeInspectionManual_Version1.

8.pdf 
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Figure 3.6. Tilted and displaced rocker bearing. Source: 
www.sidestreets.freedomblogging.com/files/2012/01/Rocker-Bearings-Northeast-

report.pdf  
 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Figure 3.7. Displaced bearing and visible misalignment. Sources: 
www.best.umd.edu/projects/Surveillance%20of%20ElastomericBearing%20on%20Mar

yland%20Concrete%20Bridges_briefing.htm, www.eqclearinghouse.org 
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Figure 3.8. Dirt and debris building up around bearing. Source: 
www.rta.nsw.gov.au  

 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

Figure 3.9. Bulging of rubber bearing. Sources: www.rta.nsw.gov.au 
,www.cedengineering.com  

 

 

 

 
 

 
 

 
 

 

 

 

 

 

Figure 3.10. Bearings with lubrication parts require high maintenance. Source: 
www.rta.nsw.gov.au  

Leakage of 
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Figure 3.11. Leakage of rubber from enclosed bearing. Source: www.rta.nsw.gov.au  

 

 

 

 

 

 
 

Figure 3.12. Dirt and dust protection. Source: 
http://www.iaarc.org/publications/fulltext/4_sec_032_Shiau_et_al_Discussion.pdf  

 

 

 

 

 

 

 
Figure 3.13. Animal activities/encroachment protection 
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3.2 Monitoring of bridge bearings 

Monitoring of bridge bearing is important as it provides information on the actual 
behaviour of bearings during service. This information is important in developing 
bearings that will sustain higher loads, longer life span, less maintenance and more 
durability. 
Monitoring of strains, deformations, corrosion, cracks, forces, dynamic response etc. 
in bridge bearings helps in predicting and preventing failures. It also helps in 
preparing remedial measures necessary when failure occurs. Advancement in 
structural monitoring systems have made it possible for parameters to be measured 
remotely at intervals and the acquired data can be stored and transmitted through 
GPRS to computer systems for the convenience of monitoring. Thresholds and 
tolerance limits can be incorporated in monitoring systems, which sets up alarm or 
warning signs when predetermined limits are exceeded. 

 
It is also important to know that monitoring systems also needs to be monitored, as 
failures in monitoring systems such as sensor corrosion, power failure, temperature 
effects etc. would affect the reliability of the system. A good monitoring system is 
one that is incorporated in the bridge management system. 

The figure shows a typical data acquisition system and table 3.1 discusses some 
parameters and the respective measuring instruments. 

 

 

 

 
 
 
 
 
 
 
 
 
 
Figure 3.14. Typical data acquisition system
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Table 3.1. Monitoring parameters and instruments 
 

Parameter Measuring Instrument Commercial 
vendors/manufacturers 

Strain Strain sensors Vibrating wire strain 
gauges 

www.geokon.com 
www.roctest-group.com 
www.slopeindicator.co
m 
www.fiso.com 
www.micostrain.com 

Electrical-resistance wire 
strain gauges 

Interferometry fiber 
optic strain gauges  

Displaceme
nt 

Displacement 
transducers 

Capacitive displacement 
transducers 

www.rdpe.com/ex/inde
x.htm 
www.transtekinc.com 
www.measurementsens
ors. 
honeywell.com 
www.micostrain.com 

LVDT (linear variable 
differential transformer) 
displacement transducers 

Temperatu
re 

Temperature 
sensors, 
thermistors 

Embedded thermocouple 
(contact) 

www.strainstall.com 
www.ussensor.com 

Infrared sensors (non-
contact) 

Forces Force sensors, load cells www.strainstall.com 

Corrosion Corrosion 
sensors 

Electric resistance 
sensors  

www.interunis.ru 

 
Linear polarization 
resistance sensors 

Cracks Crack sensors, crack-first sensors, strain 
sensors, LVDT transducers 

www.strainstall.com 

 

Dynamic 
response 
(acceleratio
n) 

Accelerometer Piezoelectric 
accelerometers 

www.strainstall.com 
www.pcb.com 
www.endevco.com 

 
Piezo-resistive 
accelerometers 

Capacitive 
accelerometers 

Microelectromechanical 
system (MEMS) 
accelerometers 
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3.3 Inspection of bridge bearings 

Inspection of bearings, when done regularly, will aid early detection of changes, faults 
and defects, and when these changes are properly treated, it will prolong the life 
cycle of the structure, avoid repairs, minimize maintenance and reduce the life cycle 
cost of the bridge. Prior to setting out on inspection of bridge bearings, it is 
important to first conduct a reconnaissance study on the history of the bridge, 
information should be garnered concerning the following. 

- Bridge design conditions 
- Design and as-built drawings 
- Bearing type (fixed or movable) 
- Bridge type 
- Construction year 
- Traffic information and ADT (average daily traffic plying the bridge) 
- Previous maintenance work 
- Previous recorded problems if any 
- Specifications 
- Pictures etc.  

 
These will help in determining the best type of inspection method to be used and 
other requirements needed to carry out the inspections. Generally, some items are to 
be considered in planning a bridge bearing inspection, items such as 

- Access equipment such as gantries, scaffolds, lifts, inspection cranes etc. 
- Permissions for cases where the traffic would be affected 
- Traffic controls when traffic would be affected, controls such as traffic 

diversion, coastguard warnings, road signs etc. 
- The type of inspection which also defines the scope 
- Required personnel  
- Health, safety and environmental requirements etc. 

 

Proper documentation and reporting is important after every inspection. A typical 
example of how to report is given in EN 1337-10, findings should also be documented 
in the bridge management system (BMS) typical example of such BMS in Sweden is 
BaTMan. This will help in further monitoring and control of the bridge bearing. A 
detailed report describing the problems discovered during the inspection, possible 
causes and repair measures, measures to prevent reoccurrence, pictures, cost, detailed 
safety measures etc. should be properly archived and incorporated in the bridge 
management system. 

3.3.1 Inspection methods for bridge bearings 

The table below shows the different type of inspection methods. The methods used in 
inspecting cracks in steel bearings are the same as for inspecting cracks in steel 
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structures. Most inspection methods mentioned are non-destructive inspection 
methods. 

Table 3.2. Bridge bearing inspection methods 

Major 
problems 

Possible causes Inspection method 

Misalignment, 
displacement, 
deformation, 
damage, 
spalling, 
movement 
condition etc. 

Settlement 
Pounding effect 
Excessive loading 
Seismic activities 
Improper installation 
Use of poor concrete for piers 
and abutments 
Improper connections and 
anchorage 
 

Visual inspection 
Taking measurements 
Surveying 
knocking off adjacent concrete 
surfaces in the bearing area, in 
order to detect hollow spaces 
 

Cracks Fatigue 
High stress concentration 
Excessive loading 
Extreme low temperatures 
Improper connections and 
anchorage 
Low bearing capacity 
 

Visual inspection 
Acoustic emissions testing 
Corrosion sensors 
Computer tomography 
Dye penetrant 
Coating tolerance thermography 
Radiographic testing 
Magnetic particle 
Ultrasonic through method 
Ultrasonic pulse catch 
Tensile strength test 
Chemical analysis 
Charpy impact test 
Brinell hardness test 
Eddy current 
Ultrasonic testing  
Robotic inspection 
 

Corrosion Exposure to salt, de-icing salts 
etc. 
Lack of cleaning maintenance 
Bird nests, excretes and other 
animal activities  
Exposure to acidic rainwater, 
rainwater, snow etc. 
Ineffective expansion joints 
Lack or ineffective lubrication 
Poor or ineffective corrosion 
protection 
Bad drainage conditions 
 

Visual inspection 
Section loss monitoring 
Coating tolerance thermography  
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3.3.2 Checks in steel bearing inspection 

The following properties should be checked when inspecting steel bearings 
1. Presence of cracks, wears or fractures in the bearing 
2. Presence of cracks, fractures, hollow spaces or spalling in concretes around 

bearing areas on abutment, piers or beneath the superstructure  
3. Corrosion state and anticorrosion protection state 
4. Noise from the bearing when traffic flows on the bridge 
5. Misalignment, tilting, uplift, rotation and displacement of bearing 
6. Loosed, worn out or damaged connecting and anchoring components such as 

bolts, rivets, welds etc. 
7. Condition of sliding, rolling and lubricated surfaces 
8. Loss of friction or uncontrolled movements 
9. Movement capabilities or restrictions 
10. Accumulated dirt , plant growth, animal activities (e.g. bird nest, faeces)  and 

moisture traps 
11. Leakages in superstructure allowing flow of dirt, de-icing salt, rain water etc. 

to the bearing area 
12. Horizontal and vertical alignment of the bearing 

3.3.3 Checks in elastomeric bearing inspection 

The following properties should checked for when inspecting elastomeric bearings 
1. Uniform thickness of the bearing 
2. Movement capabilities or restrictions considering the effect of temperature. 

Elastomeric bearings are capable of freezing in low temperatures. 
3. Presence of cracks in the elastomer  
4. Frozen and stiffened elastomer at low temperatures 
5. Bulging of the elastomer 
6. Misalignment, uplift, rotation and displacement of bearing 
7. Delamination of steel reinforcement from the elastomer 
8. Conditions of anchoring and connection components 
9. Accumulated dirt , plant growth, animal activities (e.g. bird nest, faeces)  and 

moisture traps 
10. Horizontal and vertical alignment of the bearing 

3.3.4 Checks in enclosed (pot, spherical etc.) bearing 

inspection 

The following properties should checked for when inspecting enclosed bearings 
1. Movement capabilities or restrictions considering the effect of temperature.  
2. Conditions of sliding, rolling and lubricated surfaces 
3. Corrosion state and anticorrosion protection state 
4. Misalignment, uplift, movements and displacement of bearing 
5. Conditions of anchoring and connection components 



3.4. Repair and preservation of bridge bearings 

 43 

6. Presence of cracks  
7. Condition of dust and dirt protection 
8. Leakages in superstructure allowing flow of dirt, de-icing salt, rain water etc. 

to the bearing area 
9. Presence of cracks, fractures, hollow spaces or spalling in concretes around 

bearing areas on abutment, piers or beneath the superstructure  
10. Wear or displacement of PTFE 
11. Leakage or flow of rubber out of the enclosed bearing 
12. Accumulated dirt , plant growth, animal activities (e.g. bird nest, faeces)  and 

moisture traps 
13. Horizontal and vertical alignment of the bearing 

3.4 Repair and preservation of bridge 

bearings 

After a detailed bearing inspection have been made, the decision to repair or replace 
bridge bearings can be made with respect to the report on the inspection which 
explains the condition of the bridge, bearing problems, condition of the bearing and 
the repair methods to be used. The main bearing repair and preservation methods 
are by, 

- Cleaning and painting 
- Lubrication 
- Replacement of worn out components 
- Jacking and resetting  
- Retrofitting 
- Replacement of the entire bearing for fully degraded bearings 

Table 3.3 further describes repair methods for different bridge bearing problems. 
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Table 3.3. Bridge bearing repair methods 
 

Bearing problems Repair methods 

Frozen bearing Temperature control, cleaning and 
lubrication 

Mild Corrosion and rust 
Leakages in superstructure allowing flow 
of dirt, de-icing salt, rain water etc. to the 
bearing area 
 

Cleaning and painting with corrosion 
protection paints 
Seal up rainwater, salt-water etc. 
access to the bearing area, protection 
from animal activities. 
Humidity control if the bearing is in 
an enclosed area 

Failure in connections and anchoring 
components (rivets, bolts, welds) that 
prevents uplift and shear  

Replacement of worn out 
components 
Retrofitting 

Massive corrosion of the bearings causing 
section loss 

Replacement 

Displacement of the bearing, visible 
misalignment and loss of components 

Jacking and resetting 
Replacement of worn out 
components 

Torn out or clearly bulged rubber in 
elastomeric bearings, Delamination of 
steel, wear of PTFE 

Replacement 

Tilted bearing as a result of high load 
from the superstructure 

Jacking and resetting 
Retrofitting 
Replacement 

Damaged bearings from seismic activities  Replacement with bearings with 
seismic capabilities  

Accumulated dirt , plant growth, animal 
activities (e.g. bird nest, faeces)  and 
moisture traps 

Cleaning 
Environmental control, sealing of 
bearing area 

Bad conditions of sliding, rolling and 
lubricated surfaces 

Lubricating 
Replacement, retrofitting 

Concrete spalling around bearing seat, 
concrete with hollow spaces  

Jacking , removal of concrete and 
retrofitting bearing seat area with 
reinforced concrete, cathodic 
protection of concrete 

Cracks Crack control and monitoring 
Retrofitting, crack seals, crack repair 
Replacement 

Bad conditions of anchoring and 
connection components 

Replacement of components in bad 
conditions, jacking might be 
necessary to effect replacement 

High friction or movement restriction 
Loss of friction or uncontrolled movements 

Lubrication 
Replacement of sliding/moving 
parts, friction control. 
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3.4.1 Cleaning and painting 

Cleaning and painting is the most common repair and maintenance method for 
bridge bearings as virtually all kinds of bearing have steel components. Cleaning is 
done to remove all kinds of rust, dirt, mill, surface impurities etc. and prepare the 
surface of the steel for corrosion protection treatments. Cleaning methods are by, 

- Painting with special rust removal paints 
- Solvent cleaning by mineral spirits or turpentine 
- Wire brushing 
- Pickling with sulphuric acid, phosphoric acid or iron phosphate 
- Flame cleaning with oxyacetylene flame 
- Sand blasting or steel grit blasting 
- Water jetting 

 
Special paints are applied on the steel parts to protect it from rust and corrosion, 
common paints used are, 

- Zinc metal paint applied by hot dip galvanizing or thermal spray galvanizing 

- High performance paint coatings such as alkyd, vinyl, phenolic, iron ore paints 
etc. 

The cleaning, primer quality, workmanship, quality of the paint and the application 
method determines the reliability of the corrosion protection hence good quality 
control should be ensured during painting. It is recommended that in places where 
de-icing salts are used for winter maintenance, the bearings should be cleaned after 
the winter season. 

3.4.2 Retrofitting 

Retrofitting is the process employed in improving the functions, load capacity, 
seismic capabilities, movement capabilities, general conditions of the bridge bearing 
etc. Prior to retrofitting a proper inspection and investigation of the bridge bearings 
and bridge structure itself should be carried out in order to ascertain the causes of 
problem in the damaged or underperforming bearing, this will help in determining 
the right retrofitting measures to be employed. Retrofitting the bearings could mean 
retrofitting the bridge structure itself and vice versa. Retrofitting can be done by the 
following, 

- use of restraining bars 

- use of dampers 

- use of shock transmission units 

- use of shear keys and restraining brackets 
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- installing additional bearings, isolation bearings, lead rubber bearing, friction 
pendulum bearing etc. 

 

 
 
 
 
 
 

 
 

 
 

 
 

 
 

Restraining bars restraining brackets 

Figure 3.15. Retrofitting by restraining elements. Source: 
www.owlnet.rice.edu/~jp7/Wright_et_al_JBE_Jan2011_Bridge_seismic_retrofit_

practice_in_CSUS_PUBLISHED.pdf 

 
 

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 Figure 3.16. Retrofitting by additional bearings 
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Figure 3.17. Retrofitting by shock transmission units. Sources: 
www.pwri.go.jp/eng/ujnr/tc/g/pdf/19/5-2capron.pdf , 

http://cms.oregon.gov/ODOT/TD/TP_RES/docs/Reports/SeismicProtection.pdf?ga
=t 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.18. Retrofitting by fluid viscous damper. Sources: 
www.iitk.ac.in/nicee/wcee/article/13_2211.pdf, 
www.iitk.ac.in/nicee/wcee/article/13_2172.pdf 
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3.4.3 Replacement 

Bearings that are damaged beyond repair or that can no longer carry out its 
functions should be replaced. Prior to replacement, a detailed inspection and 
investigation should have been done as discussed in section 3.2. Replacement is done 
by using hydraulic jacks (standard, flat or computer aided) in jacking up the bridge 
deck, supporting the bridge deck on temporary bearing, taking out the damaged 
bearing and replacing it.  

Where there is sufficient space around the bearing seat area or top of the pier, an 
auxiliary beam is erected across the top of the pier to support the temporary bearing, 
jacking device and to give sufficient work area. In the absence of sufficient space on 
top of the bearing seat area/ pier top, an auxiliary pier can be mounted from the pile 
cap, ground or by attachment to the bridge pier  to support the temporary beam, 
jacking device and temporary bearing to effect the replacement. It is a risky process 
that requires skill, innovation and technique in handling effective load transfer, 
stability, bearing pressures, deck balancing etc. during the replacement hence only 
experienced and certified contractors should be contracted to carry out bearing 
replacement. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.19. Jacking of bridge deck to effect bearing replacement. Source: 
http://www.dsbrown.com/resources/articles/masterbuilder.pdf 
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It is cheaper and advisable to always design for bearing replacement in new bridges, 
which is by providing area for jacking around the bearing seat/ pier top. To design 
the deck so that it is possible to jack during maintenance without affecting the 
traffic. In addition, the bearing connection should be such that it can be easily 
repaired. Where possible additional bearing plates should be used above or/and 
below the bearings for ease in removing the main bearings when the deck is jacked 
while the connection plates are still intact. A thickness of 10mm is typical for such 
plates. 

3.4.4 Jacking and resetting 

The same process used in jacking of bridge deck as described in section 3.3.2 is used 
in jacking for resetting purpose but here the bridge deck is jacked up for only a few 
millimetres to reset the bearing. Mostly area around the pier top is enough for setting 
up the jacking system 

 

 

 

 

 

 

 

 

 

Figure 3.20. Resetting of bridge bearings.  
Source: www.freyssinet.co.uk/tag/bearings/  
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3.5 Life cycle costing of bridge bearings 

 

 

 

 

 

 

 

Figure 3.21. Bridge bearing LCC 

Figure 3.20 above shows a suggested outline of bridge bearing life cycle cost. In order 
to receive quotes and tenders from bearing vendors, some vital information is 
required by manufacturers to design or manufacture bearing. This makes it difficult 
to establish life cycle cost of bridge bearings. Such information is as follows, 

- dead load  
- Live load 
- Earthquake load, if applicable 
- Bearing design load, addition of the above 3 
- Factor of safety 
- Longitudinal reversible translational movement 
- Longitudinal reversible translational movement 
- Maximum longitudinal rotations in radian 
- Available bearing area, L X B X H 
- Quantity required 
- Elastomer shear modulus, G value in case of elastomeric bearings 
- Bearing design code, AASHTO, BS, EN etc. 

In a similar manner cost of maintenance, replacement, installation and procurement 
can only be established when certain cost information are known. 
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4  

 

Results and Analysis 

4.1 Analysis of survey on bridge bearings 

Two comprehensive surveys to garner consummate knowledge on bridge bearings 
have been conducted through this study. The first survey, which deals with practice 
questions on knowledge of the use of different types of bridge bearings, maintenance, 
capacity evaluation, cost evaluation and problems encountered with different types of 
bridge bearings, was sent to professionals in the areas of bridge construction, bridge 
design, bridge maintenance and bridge bearing manufactures around the world.  

The second survey, which deals more on bridge bearing manufacturing matters on 
quality control, maintenance, capacity and cost evaluation, was sent to bridge 
bearing manufacturers around the world. The survey responses have been 
encouraging. The full survey questions and results are attached in the appendix. 

4.1.1 Survey 1’s statistics (for bridge engineers) 

Zoomerang, an international survey firm, hosted the electronic survey. It was 
launched on May 2, 2012 and closed on May 25, 2012. It was active for twenty-three 
days, visited 246 times, partially completed by 31 respondents and fully completed 
by 45 respondents. In total, results from 76 respondents are recorded and analyzed.  
 
The 76 respondents are based, have practiced or are practicing in 44 different 
countries. The distribution of the countries is shown in figure 4.1 below. Observe 
that the cumulative of the respondent’s countries is more than the number of 
respondents. This is because some respondents have practiced/practicing in more 
than one country, so it is a distribution of the number of countries respondents have 
gained experience. According to the results, most of the knowledge and experience 
are garnered in Sweden, UK and USA. I envisage that the survey language been 
English and not having access to invitees in some countries is responsible for the low 
response from some countries and no response in other countries.  

Chapter 
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Figure 4.1. Respondent’s countries distribution. 

In general, the survey response has cut across practice and knowledge of bridge 
bearings around the world. The seventy-six respondents are spread across the areas of 
bridge bearing manufacturing, bridge maintenance and repair, bridge construction, 
bridge design and consultancy, supply of modular steel bridges and preparation of 
European standards, bridge research and bearing distributor. The distribution by 
percentage is shown in figure 4.2 below. Note that some respondents practice in more 
than one area, so the percentage distribution is the percentage of respondents (out of 
100%) that practice in each area and not the cumulative. 
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Figure 4.2. Respondent’s areas of specialization. 

Figure 4.3 below shows the distribution of the respondent’s years of experience. The 
survey shows that 32% of the respondents have over 20 years of experience in their 
area of specializations, 25% have between 15 to 20 years of experience, and 12% 
between 10 to 15 years, 16% between 5 to 10 years and 15% have less than 5 years.  
Furthermore having 57% of the respondents with over 15 years of experience gives 
the assurance that the response will be of professional knowledge in the subject. 

 

 

 

 

 

 

 

Figure 4.3. Respondent’s years of experience. 

Also it was discovered that majority of these 76 respondents that have practised in 
44 countries are most familiar with pot bearings and elastomeric bearings, this also 
reflects that these two types are the most common of the presented types (see figure 
4.4) of bridge bearings. Pot bearings and elastomeric bearings have properties and 
advantages as discussed in chapter 2.3 and 2.2 respectively, other factors may 
contribute to these two been commonly used than other types such as bridge type, 
capabilities, specifications, maintenance, country of use etc. Other modern bearings 
that are familiar are spherical and disc types . Sliding plate, rocker and roller types 
are most familiar of the conventional types of bearing made mainly of steel. Hinge 
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and pin types are less familiar compared with these three. Comparing  lead rubber 
and friction pendulum types both commonly used in seismic prone areas, it was 
found that lead rubber type are more familiar than friction pendulum though 
elastomeric bearings seems to be more common than both. Incremental launch 
bearings commonly used in bridge construction, openable bridges etc is fairly popular 
with 11% of the respondents having the knowledge. The least known type is the 
lifting and measuring type, obviously because they are more for monitoring and 
measuring purpose. The question on familiarity have asked respondents to specify 
other types they are familiar with but none other than these was mentioned hence it 
can be deduced that respondents might be familiar with other types that are not 
listed in the question but did not specify them. 

 

 

 

 

 

 

 

 

 

 

Figure 4.4. Bearing types familiarity. 

In a similar study on the involvement of respondents on design, specification and 
selection from manufacturers manual of bridge bearings different bearings types, it 
was found that twenty eight of the respondents have participated in either, design, 
selection or specification of bridge bearings while seven respondents have not 
participated. Mageba, Tobe (Spennteknikk) and Goodco Ztech are the bearing 
manufacturers stated to have been consulted in selecting bearings. Some respondents 
have also stated that bearings are sourced by principal contractors, that 
manufacturers ultimately chooses the bearing due to clients specific requirements and 
that they consult certain manufacturers that have been selected based on the given 
price, guarantee conditions and feedbacks from maintenance companies. 

Figure 4.5 further shows the distribution of how the respondents have participated in 
the design and selection process. Enclosed types of bearings are the most designed or 
selected type of bearing, followed by the rubber types this is an outcome of the fact 
that 68% of the respondents (from figure 5.3) have been in practice for less than 20 
years, the modern (enclosed and rubber) type of bearing are more common than the 
conventional steel bearings in the last 20 years. Refer to table 4.1 for the categories of 
bridge bearings. 
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Figure 4.5. Most designed, specified or selected by respondents. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.6. Factors that determines the choice of selection of bearings from 
manufactures. 

 
Figure 4.6 above is the outcome of the factors that have determined selection of the 
type of bearing selected or specified from manufacturer’s list. Other factor specified is  

- As a designer, I will specify a bearing from the manufacturer that gives me 
most help/design guidance, bearing capacity (rotation/load tables). 

The three major factors as seen from the figure are degree/extent of movement, ease 
of maintenance, repair or replacement and cost. Other trivial factors are the 
maximum vertical load, bridge type, life span of bearing, contract specification etc. 
Anti-seismic capabilities are major determining factor in seismically active areas. 



CHAPTER 4. RESULTS AND ANALYSIS 

 56

4.1.2 Survey 1’s maintenance response 

In order to capture good response from respondents the various bridge bearing types 
were categorized according to table 4.1 below. This has enabled respondents to 
answer some probing questions concerning bridge bearings as further discussed below. 
 

  Table 4.1. Bridge bearing category 

Steel bearings   Rubber bearings Enclosed bearings Other types 
Rocker Plain elastomeric  Pot Seismic isolation 
Pin/Hinged Laminated 

elastomeric 
Spherical Lifting and 

measuring 
Roller  Disc Special  
Sliding plate  Lead rubber  Deformation 
Combined 
roller and 
rocker 

 Friction 
pendulum  

ILM (incremental 
launch) 

Ease of maintenance 

51% of the respondents have chosen rubber bearings as the easiest to maintain and 
the least that requires maintenance based on their experience and knowledge. Next to 
rubber, bearings are enclosed bearings and steel bearings at 28% and 18% of the 
respondents respectively. 3% of the respondents have also suggested that there 
should be more advanced bearings that will be easier to maintain. Chapter 2 explains 
the advantages and disadvantages of different kind of bearings with respect to 
maintenance. 

 

 

 

 

 

 

 

Figure 4.7. Ease of maintenance. 
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Frequently performed maintenance activity 

The most frequently performed maintenance activity on bridge bearings according to 
the result has been inspection. 86% of the respondents carry out inspection of bridge 
bearings. Inspection is the starting point of bearing maintenance as discussed in 
section 3.2. Replacement of components or whole bearing follows with 38% and 
monitoring of bearings with 30%. The high percentage of replacement shows that 
many bearings have developed problems that requires replacement in the past also 
30% on monitoring activity shows only few engineers monitor bridge bearings. 
Lubricating is the least performed because only few bearing types like sliding plate 
types requires lubrication. Surprisingly only 25% choose cleaning which should be the 
most important activity to prevent deterioration, this could be the reason why other 
maintenance activities are high because bearings are left to deteriorate to the extent 
that they require replacement or other rigorous maintenance activities.  

27% of the respondents carry out painting/repainting with anticorrosive paints to 
prevent corrosion. Retrofitting, refurbishment and jacking to reset activities with less 
than 20% each explains that only few in-use bridge bearings can have their life span 
extended. Other maintenance activity specified by respondent is weld repairs, 
basically for steel types. In general, it can be said that the maintenance of bridge 
bearings according to the survey is underperformed. Some of these maintenance 
activities are discussed in chapter 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8. Frequently performed maintenance activity. 
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Frequency of maintenance operation 

 

 

 

 

 

 

Figure 4.9. Frequency of maintenance activity. 

49% of the respondents perform or propose to clients to perform maintenance 
activities on bridge bearings in more than five years interval, a rather high 
percentage. Some general maintenance operations such as inspection, monitoring and 
cleaning should be performed more frequently depending on the type of bridge, 
bridge loading (road, railway), stakeholders and available fund etc. This general 
maintenance will help prolong the life cycle of the bearings and cause major 
maintenance activity to be performed less frequently. Though different types of 
maintenance (general, major, specialized etc.) were not stated in the question to 
capture the actual type of maintenance that is been performed at these intervals but 
the good practice is that general maintenance (inspection) should at least be 
performed yearly or every second year. This does not reflect in the survey result has 
only 22% and 11% of the respondents seem to perform maintenance operation on 
bearings yearly and every second year respectively. A good monitoring system 
coupled with a well-updated bridge management system on bearing matters could 
extend maintenance intervals, save cost and extend the life span of the bearing. 

Replacement of bearings 

  Table 4.2. Replacement of bearing response 
Enclosed category Steel category Rubber category 

Type Response Type Response Type Response 
NS enclosed 4 NS steel 6 Rubber 15 
Spherical 4 Sliding plate 1   
Pot 9 Roller 10   
Friction 
pendulum 

1 Rocker 6   

Total  18  23  15 

   *NS – not specified 
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The response to the question ‘’ if respondents have replaced, upgraded or proposed to 
client replacement of any bridge bearing type ‘’ is recorded as shown in table 4.2., 
three respondents answered NO while forty respondents answered YES stating the 
various types they have replaced or proposed replacement. The steel category of 
bearings according to table 4.1 has the highest replacement while rubber bearing 
have the least. The response also stated replacing pot bearing with pot bearing, steel 
bearing with laminated pads, steel bearing with enclosed, steel roller bearing with 
PTFE bearing, steel rocker bearing with rubber bearing etc. Observe that even the 
modern and high performance rated pot, spherical and rubber bearings have all been 
replaced severally in the response. This brings more questions on durability, 
reliability and sustainability of bridge bearings. Figure 4.10 shows the distribution of 
the various types stated to have been replaced. 

 

 

 

 

 

 

 

 

Figure 4.10. Replaced bearing types. 
 

Life span of replaced bearings 

Studying the life span of the bearings that were replaced according to respondents, 
56% of the bearings have been in use for less than 30 years. If the average life span of 
a bridge is 120 years, it means the bearings would have been changed three times 
before it reaches it life span, if the bridge is subjected to increased loading due to 
increasing traffic volume or other reasons then the bearings would be changed even 
more than three times. If the replacement of these bearings is successful in these 
occasions the life cycle cost of the bridge would have increased tremendously. 
According to the response distribution in figure, 4.11 only 12% could have their life 
span above 50 years and none of the replaced bearings has been in use for over 70 
years. 
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Figure 4.11. Life span of replaced bearings. 
 
Reasons for replacement 

The response to reasons for replacement of bearings of bearings is given in figure 
4.12. Most bearings have steel components this makes corrosion the most common 
problem of bearings. Other reasons resulting from failure of the bearing itself or 
components are also stated below. 

 

 

 
 

 

 

 

 

 

 

Figure 4.12. Reasons for replacement 
 

Other reasons stated are as follows 
- cracks in steel rollers or steel plates 
- movement of the substructure 
- cracked  beams also replaced 
- failure of bearings under side loads 
- crack in the bearing body in cast iron 
- wear 
- deterioration, closing up joints requiring new sizes 
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- often expansion joints have failed causing chloride ingress damage to bearing 
shelf and assembly 

- defective (cracked) bearing thought to be caused by inappropriate installation 
procedure 

 

Traffic closure to effect replacement 

Twenty-seven respondents answered YES to the question ‘’ if they had to stop the 
bridge traffic during the period of bearing replacement’’ while sixteen respondents 
answered NO.  In general, bearing replacement has been a successful maintenance 
activity over the years even when it is a risky and tedious activity to execute. 
Contractors and bridge engineers have developed advance means of executing bearing 
replacement without affecting the traffic and at a cost effective means. Section 3.3.3 
and 3.3.4 discussed some of this means. Some factors determines if the traffic will be 
closed to effect replacement or duration of closure, such factors according to the 
survey respondents are stated as follows, 

- Bearing capacity of the jacking points and temporary structures 

- Type of bridge structure 

- Type of other repair works that will be carried out concurrently 

- Capability of the jack in transmitting load i.e. a jack that can transmit load 
can allow traffic on the bridge while in use and vice versa 

- Adequacy of the original diaphragms etc. 

Because of these factors, it is difficult to give an average duration of traffic closure. 
Responses have been really wide ranging from no closure, thirty minutes, hours, 
night closures to weeks, months and half a year. In addition, respondents have given 
alternatives of effecting bearing replacement without or with little effect on the 
traffic, such ways are listed below 

- Having traffic centred on the bridge 

- Lane restrictions, detouring and traffic control 

- Reduced lanes e.g. 1 per direction instead of 2 

- Using load transmitting jacks, or supporting the deck on trestles (temporary 
structures) 

Basically, bridges have been more closed to traffic than it is opened during bearing 
replacement. It is safer and more reliable to have traffic closed when it can be closed 
to effect bearing replacement. 
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Bridge bearing data integration in BMS  

Having bridge bearing data archived in the bridge management systems makes it 
easier in maintaining and sustaining the life cycle of a bridge. Information such as 
the bearing type, year of installation, capacity of bearing, inspection and monitoring, 
repair details should be recorded and updated from time to time in the BMS to have 
a holistic knowledge of the bridge bearings. Majority of the respondents at 46% do 
not have bridge-bearing data incorporated in their BMS, 21% do not have idea and 
only 33% record bridge bearing data. The practice of recording bridge bearing data 
should be encouraged and all bridge stakeholders should have full knowledge of 
bridge bearings in use. The bridge and tunnel management BaTMan owned and 
managed by the Swedish transport administration is popular as 47% of the 
respondents have their bearing data recorded in it. Other types mentioned by 
respondents include OSIM used in Ontario and some other provinces in Canada, 
CRRI used in Botswana and South Africa, BMX, Freyssinet and Confirm used in 
UK, SMIS, Pontis and BMS2 used in USA, and Tobe. 

 

 
 

 

 

 

 

 

 
Figure 4.13. Knowledge and record of bridge bearing data in BMS 

4.1.3 Survey 1’s response on capacity, durability and 

failure of bearings 

Refer to table 4.2 to see how bearing types are categorized for the purpose of this 
survey. 

Loading requirement satisfaction 

To garner the knowledge on how these categories of bearings satisfy loading 
requirements, the experience and knowledge of these respondents have been 
consulted. Figure 4.14 shows the result. 
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Figure 4.14. Loading requirement satisfaction 
Other opinions recorded from this result are listed as follows, 

- Depends on the condition/situation of loading 
- MSM spherical bearing (MSM was not explained) 
- Depends on the type of load 
- Impossible question, they all do their job within limits 
- Depends on loading requirements 
- The bearings are meant to carry the bridges for many years. I have only been 

dealing with bridges in 15 years or so. You have to analyze this with a bridge 
management system. 

- They all do but depends on the magnitude of the load being applied 
- Depending on the load, rubber bearings for low load and enclosed bearings for 

high load (movements count as load) 
- Pot bearings 

Many respondents believe they all satisfy their respective loading requirements 
depending on factors such as load type, magnitude, condition as stated above. 
However, majority of the respondents at 36% opined that enclosed bearings best 
satisfies loading requirements closely followed by steel bearings at 34%. Rubber 
bearings are least satisfactory regarding loading requirements at 12% of the poll. 
Some specifically opined that pot and spherical among the enclosed category best 
satisfy loading requirement. 

Durability and flexibility requirement satisfaction 

Rubber bearings have been ranked best in terms of flexibility and durability 
requirements, enclosed bearings are also in good rating. A good proportion but least 
of the respondents also consents to steel bearings been satisfactory in durability and 
flexibility requirements. Figure 4.15 details the result. 
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Figure 4.15. Durability requirement satisfaction 

Other opinions stated are listed below, 
- Rubber and Enclosed work best 
- MSM Spherical 
- Depends on the situation 
- The bearings are meant to carry the bridges for many years. I have only been 

dealing with bridges in 15 years or so. You have to analyze this with a bridge 
management system. 

Bridge failure, excessive movements or vibrations  

Nineteen of the thirty-six respondents that answered the question have not 
experienced bridge failure, excessive movements or vibrations due to inefficient 
bearings however seventeen have described the various reasons for the failure 
experienced as follows 

- Degradation causing bearings to move to their outer range and making the 
bridge lean towards the abutment 

- Roller bearings eccentrically loaded due to articulation of bridge 
- Roller bearings that has burst 
- locked-up/misaligned roller bearings 
- No contact with the roll in the case of a roller bearing 
- Traffic volume 
- No bridge failure, the bridge deck only was horizontally displaced 
- Glue system or bad installation of rubber bearing 
- Bad design of rubber bearing 
- Elastomeric bearings moved beyond limits of use and needed to be jacked up 

and reset 
- Corrosion and associated damage to sliding surfaces 
- Wrong design 
- Supply of defective pot bearings 
- Seized bearings on old truss bridges 
- Pull out of component (plinth, HD fixings) 



4.1. Analysis of survey on bridge bearings 

 65 

Steel roller, pot and elastomeric bearing types are most defective, as they have been 
mentioned five, three and three times respectively. In a similar question, respondents 
have responded to the following cause of failure as shown in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.16. Failure causes of different bearing types. 
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Degradation is the major cause of failure in bridge bearings as reflected in the survey 
result, closely followed by malfunctioning problem due to corrosion. Other causes as 
rated are shown in figure 4.16. The other responses with 13% specified are as follows 

- Cracks in steel rollers and steel plates 
- Bad design and specification of bridge bearings 
- Fixing bolts left in place 
- Wear on PTFE layer, 
- Failure of stainless steel layer 
- Pull out failure due to sliding bearings seizing 

The problems that develop in bridge bearings are enormous and cannot be 
completely emphasized but the challenge is how to predict, prevent and solve the 
problems. In the response to how to solve these problems, respondents have specified 
the following 

- Replacement; virtually all the 32 response opted for outright replacement of 
the defective bearings. Replacement  with pot bearings, modern bearing with 
corrosion resistant seals and materials, with bearings that have higher vertical 
load capacity, with disc bearing to allow rotation about axes, with same type 
and monitor as necessary 

- Replace the Teflon 
- Replace affected materials/components 
- Clean and lubricate 
- Repainting 
- Monitoring and replace when necessary 
- Replace the superstructure or entire bridge, the bridge in this case is said to 

be very old 
- Strengthen bearing plinth 
- Add guides/clamps to avoid the bridge fall out of its bearings 
- Advice client to maintain their bridges better 
- Contingency plan of jacking to reset, reseat and restore 

It is even garnered that in some cases the problems are not yet solved and that there 
is no enough time. 
 
Monitoring during service years 

Bearings should be accessible for monitoring and should be monitored from time to 
time, this is the major means to predict, prevent and develop remedies for failures of 
in-use bearings. Certain parameters are monitored and the response of the 
respondents to these factors is shown in the figure below. 
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Figure 4.17. Parameters monitored. 

Corrosion is the most monitored parameter in in-situ bearing during the service year 
with 65% of the respondents obviously corrosion is major degrading factor of bridge 
bearings as virtually all kind of bearings has a steel component that should not be 
compromised. Translational movements which tells if the bearing is actually 
performing its purpose of transferring forces by movement is highly monitored with 
62% of the respondents, rotational movements major function of the bearing is 
averagely monitored at 51%. Displacement a major parameter that tells when the 
bearing is out of alignment is well measured too. Force, temperature, cracks, dynamic 
response and strain are important parameters in predicting and detecting failures of 
bearings are also fairly common in monitoring as shown in the result. Other 
parameters specified are global structural movement of the bridge, visual inspection 
during traffic use, quality and quantity of oil in submerged component types etc. 
Also, some respondents stated that they do not carry out any monitoring activity, 
hence bridge engineers should be encouraged to execute more monitoring activities 
for effective maintenance. 

Most suitable under high magnitude of vibration and seismic 

prone areas 

The majority of the respondents, at 64%, opted for rubber bearing types based on 
their experience and knowledge as the most suitable for use under high magnitude of 
vibrations. The result, as shown in the figure 4.18a, shows that enclosed and steel 
types are less preferred for use under this condition. Other options recorded include 
pot PTFE, special bearings and no knowledge. 
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a) Under high magnitude of vibration b)  In seismically active areas 
Figure 4.18. Most suitable under high magnitude of vibration. 

Similarly, a relevant study for the seismically active area is to know how bearing 
types fare in these areas though majority of the respondents are from seismically 
inactive areas, as evident in the result in figure 4.18b. Approximately 72% of the 
responses recorded as others have stated either they have no idea or that seismic 
activities are not relevant in their countries of practice. However, rubber bearing 
types fared best at 35% in comparison with steel and enclosed types. Some 
respondents also specified the following, 

- Mixture of guided and free pot bearings or rubber bearings with restraining 
angles for lateral seismic loads 

- Seismic isolation  
- Steel and pot PTFE 

 
Most suitable for steel structures considering mode of 

connection 

Based on the knowledge and experience of respondents, enclosed bearing types, at 
46% of the respondents, have been stated as the most suitable for use considering 
mode of connection when bearings are supporting steel superstructure, according to 
the result in figure 4.19a. Steel types fare good for use with 32% of the respondents 
selecting this choice.  

Enclosed bearing types, at 42%, are also rated best by respondents for use in 
supporting steel pier, viaduct or abutment. Steel types are also well rated, with 34% 
of the respondents in this category. The least rated are the rubber types. The result 
is shown in the figure 4.19b. In the other specified options, a respondent opined that 
all types are suitable while other respondents stated disc and pot PTFE specifically. 
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a) When supporting steel superstructure/deck b) When supporting steel pier 

Figure 4.19. Most suitable for steel structures considering connection mode. 

Most suitable for concrete structures considering mode of 

connection 

Based on the knowledge and experience of respondents, rubber-bearing types, at 44% 
of the responses, have been stated as the most suitable for use considering mode of 
connection when bearings are supporting prestressed or reinforced concrete 
superstructure according to the result in figure 4.20a. Enclosed types fare good for 
use, with 34% of the respondents selecting this choice. Also, disc, neoprene and pot 
PTFE were stated by respondents in other specified options.  

In a similar study rubber bearing types are again rated by respondents as best 
suitable for reinforced or prestressed concrete pier, viaduct or abutment. A closely 
ranked choice is enclosed bearing type. The results are shown in the figure below 
4.20b. Disc, PTFE and pot PTFE are also specified by respondents in this category 
as others. 

 

 

 

 

 

 

 
a) When supporting concrete superstructure/deck b) When supporting concrete 

pier/abutment  
Figure 4.20. Most suitable for concrete structures considering connection mode. 



CHAPTER 4. RESULTS AND ANALYSIS 

 70

4.2 Survey 2’s statistics (for bearing 

manufacturers) 

The second electronic survey was hosted in the same manner as the first survey by 
Zoomerang, an international survey firm. It was launched on May 10, 2012 and 
closed on May 28, 2012. It was active for eighteen days, visited 29 times, partially 
completed by 4 respondents (bearing manufacturers) and fully completed by 6 
respondents (bearing manufacturers). In total, results from 10 respondents are 
recorded and analyzed. Despite the pressure and reminders, the response from 
manufactures is a bit low. Observe that the results presented in this section are a 
function of the low response from manufacturers. The manufacturers invited to 
complete the survey are operating in Europe, North America and the Middle East. 
The list is attached in appendix, note that not all the invited manufacturers 
responded. 
The respondents have years of experience in the field of bearing manufacturing, as 
shown in figure 4.21. Half of the respondents have been in the industry between 20 to 
30 years and the other half between 30, 50 and above 50 years as shown below. 

 

 
 

 

 

 

 

 
 

Figure 4.21. Years in the bearing manufacturing industry. 

The respective bearing types manufactured by these respondents are shown in the 
figure below. Elastomeric bearings and sliding plate bearings are the most 
manufactured, followed by pot bearings and spherical bearings. 

 

 

 

 

 
 



4.2. Survey 2’s statistics (for bearing manufacturers) 

 71 

62%

50%

75%

38%

25%

75%

25% 25%

12% 12% 12% 0% 12%

0%

10%

20%

30%

40%

50%

60%

70%

80%

 
 
 

 
 

 

 

 

 

 

 

Figure 4.22. Most manufactured bearing types by respondents 

4.2.1 Survey 2’s cost evaluation response 

The knowledge of bearing cost considering the commissioning cost (procurement and 
installation) and LCC cost (maintenance, repair and replacement) is being sought 
from bearing manufacturers and their response are shown in the figure below. Rubber 
bearings are cost effective in comparing to other types. They are also cheaper to 
maintain, repair and replace. Enclosed bearings are also considered better in cost 
than steel bearings, obviously, because steel bearings will require more maintenance. 

 

 

 

 

 

 

 

 

 

a) Commissioning cost                b) LCC cost (maintenance, repair, and 
replacement) 

Figure 4.23. Most cost effective 
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Other stated type according to the result is SORBTEX expansion bearings. Observe 
that steel category is not mentioned in the commissioning cost in figure 4.23a. This 
may be as a result of limited respondents to this survey and the survey is based on 
the knowledge and experience of responding manufacturers. Respondents have 
further been asked to rate the various bearing types separately; the results are 
presented in figures 4.24-26. In this regard, elastomeric bearing is rated least 
considering maintenance cost, followed by lead rubber bearing. Pot and spherical 
bearing with equal rating follows while rocker, roller, pin, sliding plate all in the steel 
category and friction pendulum are rated worst in terms of maintenance cost. 
However pot bearing and pin bearings are rated highest, followed by friction 
pendulum, spherical, rocker, roller and lead rubber bearings. The results are further 
explained in the figure below. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.24. Maintenance cost ratings by manufacturers. 

In a similar way considering the commissioning cost friction pendulum bearings are 
rated most expensive with 100% response. Pin and lead rubber followed with 75%. 
Elastomeric bearings are least expensive while pot and sliding plate bearings are 
rated low after elastomeric bearings. Lifting and measuring bearings, disc, rocker and 
roller bearings are all rated moderate considering the commissioning cost. 
In general, bearings types made mainly of steel are high considering the maintenance, 
commissioning cost except of few modern bearings types like pot, and spherical that 
is moderate in terms of maintenance. Bearings made of rubber are generally less 
expensive to procure, install and maintain. 
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Figure 4.25. Commissioning cost ratings by manufacturers 

Considering the cost of replacement, incremental launch bearings are considered least 
expensive to replace because they are mostly used for bridge construction purposes 
and they are easily replaceable to permanent bearings. Friction pendulum is rated 
highest in replacement cost, however, virtually all bearing types are rated high, at 
60% of the response, except rubber bearings and incremental launch bearings that are 
rated least, at 40% response, because they are less complicated in replacing. This 
result further shows the expensive business of bridge bearing replacement. 

 

 

 

 

 

 

 

 

 

 
 

Figure 4.26. Replacement cost ratings by manufacturers 
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4.2.2 Survey 2’s maintenance response 

Ease of maintenance 

With reference to table 4.1 for the category of bridge bearings used in this survey 
rubber bearings are rated as easiest to maintain or require least maintenance by 
bearing manufacturers. This result is also reflected in the opinion of bridge engineers, 
as shown in figure 4.7. Enclosed bearings are rated well in ease of maintenance, and 
other specific options stated are pot bearing and SORBTEX expansion bearings. The 
result is presented in figure 4.27 below. 

 

 

 

 

 

 

 

 

Figure 4.27. Ease of maintenance 

 

Frequently performed maintenance activity by manufacturers 

Some bearing manufacturers have indicated that they do not execute any field 
operation or services, they only supply bearings. These opinions are recorded as other 
choices in the result shown in figure 4.28. However, for other manufacturers that 
execute field services, inspection is the most performed maintenance operation, 
followed by replacement of components or whole bearing. Bridge engineers, as shown 
in figure 4.8, also record these two options, in this order, as most performed 
maintenance operation. Interestingly none of the manufacturers selected the 
monitoring option, which should be at the forefront of maintenance operation by 
manufacturers because monitoring the bearing will enable stakeholders to understand 
the underlying causes and predict bearing failure. Other options are fairly performed 
by manufacturers, except refurbishment that recorded no response. 
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Figure 4.28. Frequently performed maintenance operation by manufacturers. 

Frequency of maintenance operation 

The result of the study to know how often bearing manufacturers perform or propose 
to clients to perform maintenance operation is presented in the figure below. 14% 
opted for yearly maintenance while 29% each opted for other options as shown in the 
figure. The choice of maintenance interval is influenced by different factors such as 
bridge type, bearing type, bridge owner, bridge purpose, location etc. These might be 
responsible for the even response recorded. 

 
 

 

 

 

 

 

Figure 4.29. Maintenance interval as proposed by manufacturers. 

Replacement of bearing by manufacturers 

A manufacturer acknowledge that many bridges in the US specifically have needed 
the replacement of enclosed and steel bearings, while another indicated that their 
product (SORBTEX expansion bearing) have been utilized as replacement bearing 
for a variety of steel type bearing (pin, rocker, roller). Also, a manufacturer 
responded to have replaced a rubber bearing, while others have not executed any 
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bearing maintenance. In summary, all bearing categories are mentioned to have been 
replaced, showing that no bearing category is beyond replacement. 

Life span of replaced bearing 

In a follow up question on the life span of the bearings that have been replaced by 
bearing manufactures, all the response recorded states that the replaced bearings 
have been in use for less than thirty years. This is also reflective of the result in the 
survey of bridge engineers, as shown in figure 4.11. This means that for an average 
bridge life of 120 years bearings would have to be replaced three times, which will 
increase the life cycle cost of the bridge. 

Reasons for replacement 

The reasons for replacement as indicated by bearing manufacturers are shown in the 
figure below. The result shows an equally distributed response among five options. 
The sixth option (other) specified is that multiple causes can contribute to a 
replacement/upgrade decision. However in contrast to the response on the same 
question directed to bridge engineer’s material degradation or corrosion causing 
section loss is the most selected reason for replacement as shown in figure 4.12. 
Observe that material degradation is not selected in the result below. This result 
might be influenced by the low response from bearing manufacturers compared to the 
response from bridge engineers. These results also reflect that bridge engineers are 
more responsible for bearing replacement than bearing manufacturers are. 

 

 

 
 

 

 

 

 

 

 
Figure 4.30. Reasons for replacement 
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Bridge bearing data integration in BMS  

 

 

 

 

 

 

 

 

Figure 4.31. Data integration in bridge management system answered by bearing 
manufacturers 

In a bid to know if bearing manufacturers have bridge bearing data integrated in 
their own bridge management system, the results presented in the figure above was 
obtained. Majority of the response either have no idea or do not have bearing data 
integrated in their BMS, only 25% of respondents do. One explanation for this is that 
some bearing manufacturers do not participate in bearing maintenance, monitoring 
and replacement activities and as a result do not have data about their bridge 
bearing products in service however it is imperative for bearing manufacturers to 
monitor their products in service to give room for improvements and further research 
about their products. 

4.2.3 Survey 2’s quality control response 

Bearing service life 

The result of the study to know the average service life bridge bearings are 
manufactured for is shown in the figure below. In the result, bearing manufacturers 
have indicated a high service life for the performance of bridge bearings, from average 
of 30 to 110 years. In contrast the result in figure 4.11 detailing how long some faulty 
bearings have been in use before replacement shows an average of 30 years, some 
bearings develop fault and some are even due for replacement in less than 30 years of 
being in use. Various reasons such as poor maintenance, increased loading, seismic 
activities etc. might be responsible for this but it is a strong indication that though 
manufacturers give high quality and service life assurance some bearings 
underperform and under live the assured service life.  
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Figure 4.32. Average service life, bearings are manufactured for by manufacturers 
 

Quality assurance measures 

The study to know the measures taken by manufacturers to ensure their products 
sustain higher load than design for during the service life is presented below. From 
the options presented, testing of bearings with higher loads than the expected service 
load have been selected as a major measure. Other measures specified by bearing 
manufacturers are as follows,  

- Encourage the engineer of record to follow the recommended service load 
limits 

- Encourage the Engineer of Record to carefully consider rotation requirements 
(structure related and construction tolerance) 

- Optimize design of elastomer bearings 
- Executing fourth and fifth options in figure 4.32 

 

 

 

 

 

 

 

 

 

Figure 4.33. Quality control measures 
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4.3 Problems encountered 

In the course of this survey, some problems were encountered. These problems could 
influence the quality and response of this survey and if solved, the quality of future 
research surveys can be improved. The problems are enumerated as follows, 

- Language barrier; the survey questions were in English language and some 
non-English speaking respondents willing to participate could not because of 
the language gap. To garner a wide range of expertise and experience from 
around the world, future research surveys should be translated to other major 
languages.  

- Respondent’s contact; lack of direct contact with the intended 
respondents/audience could mean that invitees do not receive invitations to 
participate in the survey. For instance, some websites show contact email such 
as info@company.com. There is no assurance that the intended recipients, 
bridge engineers in that company will receive the information. Hence, it 
requires constant pressure and reminders to get respondents. 

- Categorizing the bearings might be unclear or difficult for the respondents to 
express their real intention. However, the bearings have been categorized to 
simplify the surveys but it might also mean that the categories have made the 
bearing types ambiguous. 
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5  

 

Discussions and Conclusions 

5.1 Discussions and conclusion 

Through the course of this research, bridge bearing types have been conveniently 
categorized as steel bearing, rubber bearing or enclosed bearing. The three categories 
of bearings have been found to effectively carry out the purpose and functions of 
bridge bearings as discussed in section 1.1.2. The steel type been the oldest and 
conventional type have been replaced in many bridges. They are affected mainly by 
corrosion as all functioning parts are made of steel however proper maintenance, 
monitoring and corrosion protection will increase the durability of steel bearings. 
Steel bearings are easy to construct, cost effective, easy to install and economical 
solutions. 

Rubber bearings of different types have been effective substitute to the problem of 
durability of steel bearings. The major component is rubber and therefore has longer 
life span as they are not affected by corrosion. Rubber bearings require less 
maintenance compared to other categories, moderate cost in commissioning and 
maintenance, they are effective for rotation however rubber bearings have poor 
performance under low temperature as they may freeze and restrict movement, 
rubber bearings may tear under seismic activity and high vibration. Rubber bearings 
bulge under high vertical load. They may not perform well for vertical loads more 
than 30MN. 

Enclosed bearing types, which include pot, spherical, disc, friction pendulum and 
lead rubber bearings are the most modern bearing types. The main operating 
components are enclosed and therefore protected from degradation. Enclosed bearing 
types have good performance under high load magnitude, under low and high 
temperature. Spherical bearings, however, have larger rotation capacity compared to 
pot bearings. Lead rubber bearing and friction pendulum are very effective in 
seismically active areas. Enclosed bearings also have some limitation such as being 
expensive due to technicality in construction, corrosion of the steel components, 
aging or rubber component in lead rubber bearing, wear of PTFE in spherical 
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bearing, extrusion of rubber in pot bearing and pendulum failure in friction 
pendulum bearing.  

All three categories of bridge bearings require proper both corrective and preventive 
maintenance. Preventive maintenance is mostly by inspection, cleaning, painting, 
lubrication and sealing of deck joints to prevent rainwater, de-icing salts, dirt and 
other deleterious materials to the bearing area. Corrective maintenance mainly in 
form of jacking and resetting, retrofitting, replacement of damaged components and 
replacement of whole bearings are often necessary when there is total degradation or 
when the bearing can no longer perform its functions. Corrective maintenance are 
expensive, requires a lot of skill and often risky to execute hence preventive 
maintenance should administered properly to ensure a good life span of bridge 
bearings. 

Monitoring of bridge bearings is the most functional means of research on bridge 
bearings. Monitoring data such as strain, displacement, temperature, forces, 
corrosion, cracks, dynamic response etc. enables engineers and manufactures to 
understand the actual behaviour of different types of bearings. This will also allow 
improvements in the design, selection, maintenance and manufacture of bridge 
bearings. A detailed maintenance and monitoring process are discussed in chapter 
three. Averagely bridge bearings are poorly maintained according to the results of the 
survey. 

A trivial point to note is the integration of bridge bearing data in the bridge 
management system. The results of the survey showed that a rather low level of 
information concerning bridge bearings are recorded in any bridge management 
system either by bridge engineers, bearing manufacturers and authorities concerned 
with bridges or other stake holders. Having bearings data integrated in the bridge 
management system will aid the maintenance of bearings and subsequently increase 
their life span. 

Generally, many outcomes can be deduced from the result of the surveys. Some basic 
points deduced are listed as follows and the full result and explanations are presented 
in chapter four of this report. 

- Most common bearing type: elastomeric and pot bearings 
- Most designed selected or specified by engineers: enclosed category followed by rubber 

and then steel categories 
- Most influencing factor in determining the choice of selection of bearings from 

manufactures:  degree/extent of movement or rotation 
- Easiest to maintain: rubber category 
- Most performed maintenance activity: Inspection 
- Most adopted interval of maintenance operation: every five years 
- Most replaced bearing type: steel category 
- Average life span of replaced bearings: less than 30 years 
- Most underlying cause of replacement: material degradation or corrosion causing 

section loss 



 

 

Discussions and Conclusions 

 83 

- Most effective duration to effect replacement: It is affected by different determined 
and undetermined factors hence responses have been really wide ranging from no 
closure, thirty minutes, hours, night closures to weeks, months and half a year. 

- Bearing data integration in BMS: poor, less than 33% of response in the survey 
- Most satisfactory in terms of loading: enclosed category 
- Most durable: rubber category 
- Most prominent failure mode: Degradation 
- Most monitored parameter: corrosion 
- Most suitable under high magnitude of vibration: rubber category 
- Most suitable in seismically active areas: seismic isolation bearings ( LRB and FPB) 
- Most suitable when supporting steel superstructure/deck: enclosed category 
- Most suitable when supporting steel pier: enclosed category 
- Most suitable when supporting concrete superstructure/deck: enclosed category 
- Most suitable when supporting concrete pier/abutment: enclosed category 
- Most manufactured bearing type: elastomeric and sliding plate bearings 
- Most effective considering LCC and commissioning cost: Rubber category 
- Most effective considering maintenance cost: elastomeric bearings 
- Most effective considering commissioning cost: elastomeric bearings 
- Most effective considering replacement cost: elastomeric bearings 
- Least effective considering maintenance cost: Hinge or pin bearings and pot bearings 
- Least effective considering commissioning cost: Friction pendulum bearings 
- Least effective considering replacement cost: Friction pendulum bearings 

In Sweden particularly most old bridges rest on conventional steel bearings, some of 
these steel bearings have been repaired, maintained and retrofitted over the years but 
many of them still require proper preventive maintenance in the form of cleaning, 
repainting, protection from animal encroachment, lubrication etc. Other prominent 
and new bridges in Sweden are supported on enclosed bearings (pot and spherical 
types), rubber bearings either not in use or less common as Sweden is not a 
seismically active area. These enclosed bearings also need to be monitored to allow 
improvement in the use of bridge bearings and most importantly, they need to be 
properly maintained to prevent degradation. 

5.2 Further research and recommendations 

The study has shown that even modern bearings thought to be better in performance 
and durability have been replaced in less than 30 years of service hence it is 
imperative to consider further research in bearing replacement (ease of replacement 
without disturbance to bridge traffic, cost effective means of replacement etc.) for 
different kinds of bridges. How to further improve the life cycle of bearings, smarter 
maintenance that will reduce the number of times bearings will be replaced etc. 

This research work has been an overall knowledge on bridge bearings, detailed 
research should be carried out on particular bearing types depending on the area of 
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interest. For instance in Sweden the most common bearing category is the steel and 
enclosed category. Pot bearing type is particularly common in Sweden and more 
research should be detailed on it, on how to prolong the life cycle and deal with other 
problems that concerns it. 

An interesting but wide topic that has not been researched is the life cycle costing 
and assessments of bridge bearings. Since the bridge, bearing is a determinant factor 
in the general life cycle of a bridge and seen in this work that bearing replacement is 
inevitable, it is important to have a study that details the life cycle cost and 
assessments of bridge bearings. This will study how increased or decreased traffic 
(load), costs and rates of operation (maintenance, inspection and repair), interest 
rates, and delay rate in effecting bearing repairs, degradation etc. 

Development of smart bearings, self-measuring bearing types that measure all 
parameters acting on them, monitoring of loads and other factors coming on bridges 
through the bearing applying this with mobile GIS that describes the articulations 
and movements on the bridge at anytime is also an interesting area to research in. 

Other areas that can be researched are listed as follows, 

- Setting benchmark and standards by recording information about bridge 
bearings in the BaTMan and other bridge management systems. Information 
such as standards for procurement, installation, inspection, maintenance, 
replacement and cost standards. 

- Take case studies: taking case studies of peculiar bridges with deteriorated 
bearings. 

- To replace or to retrofit: if it is possible to retrofit some bridges as remedy for 
damaged bearings. How reliable are the use of side restrainers or brackets in 
retrofitting. 

- Rubber bearings could be studied to understand how to utilise it in low 
temperatures. 

A thrilling question is why we have seismic isolation bearings or bridge bearings 
under deck/superstructure, why not at the base of the pier, since seismic activities 
and major movement occur directly under the pier base? On the other hand, why are 
bridge bearings not installed at the foundation of the piers as they are installed at 
the base of column or foundations in buildings? A general answer to this is that 
bridge foundations are usually made of large mass, large base, piles into the depths 
etc. and this makes them more rigid to resist large movement forces and more stable. 
While this large masses cannot be replicated at the connection of pier and deck, 
bridge bearings serves the purpose of force transfer, flexibility, energy dissipation and 
stability. It is also possible to research on how bearings could be utilised in bridge 
foundations to reduce the large foundation mass. 
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1.

2.

3.

Optimal Evaluation of Bridge Bearings

General

Which of the following best describes your area or areas of
specialization?                        

Bridge maintenance and repair

Bridge design and consultancy

Bridge construction

Bridge bearing manufacturer

Other, please specify

How many years of experience as a bridge engineer do you have?

0-5 5-10 10-15 15-20 >20

1 2 3 4 5

In which country or countries have you practiced? Please state

Optimal Evaluation of Bridge Bearings http://app.zoomerang.com/Report/PrintSurvey/PrintSurveyBody.aspx...

1 of 11 2012-08-14 10:03



4. Choose the ones of the following bridge bearing types that you are
familiar with. It is possible to choose more than one option.

Pot bearings 

Spherical bearings  

Elastomeric bearings

Disc bearings

ILM (Incremental launch) bearings

Sliding plate bearings

Friction pendulum bearings

Rocker bearings

Roller bearings

Hinge or pin bearings 

Lead rubber bearings

Lifting and measuring bearings

Other, please specify

Submit
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Optimal Evaluation of Bridge Bearings

Maintenance
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5.

6.

Bearing types have been categorized as follows for better
understanding of next question:

Steel  bearing  
-  Rocker/Linear bearings 
-  Roller bearings 
-  Pin/Hinged bearings
-  Combined roller and rocker bearings 
-  Sliding plate bearing
Rubber  bearing 
- Laminated elastomeric bearings
- Plain elastomeric bearings
Enclosed bearing
- Pot bearings
- Spherical bearings
- Disc bearings 
- Lead rubber bearings 
- Friction pendulum bearings 
Other types of bearings
- Seismic isolation bearings
- Special bearings 
- Lifting and measuring bearings 
- Deformation bearings 
- ILM (incremental launch) bearings 

Based on your experience and knowledge, which category of
bridge bearing is easier to maintain or requires less maintenance?

Steel 

Rubber

Enclosed

Other types, please specify

Which of the following maintenance activities do you perform
frequently on bridge bearings? It is possible to choose more than
one option.

Monitoring

Inspection

Cleaning

Painting

Refurbishment 

Lubricating

Jacking and resetting
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7.

8.

9.

10.

Replacement of components or whole bearing

Retrofitting

Other choices, please specify

How often do you perform or propose to clients to perform
maintenance on bridge bearings?

Every year Every 2 years Every 3-5 years Above 5 years

1 2 3 4

Have you replaced, upgraded or proposed to client replacement of
any bridge bearing before?  If yes, please state which type.

How long has the replaced bearing been in use?

<30 years

30-50 years 

50-70 years 

70-90 years 

90-100 years

Above 100 years

Select the options that best describe reasons for replacement or
upgrading. 

To accommodate higher load 

Seismic retrofitting 

Material degradation or corrosion causing section loss

Component (neoprene, anchor bolts, Teflon etc) slippage or failure 

Torn or bulged rubber bearing

Frozen bearing

Displaced or tilted bearing

Client or owner's request

Other, please specify
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11.

12.

13.

Did you have to close or stop the bridge traffic during the period of
bearing replacement? If yes, please state approximate duration.

Do you have bridge bearing data integrated in your bridge
management system?
 

Yes No No idea

1 2 3

If you answered yes to question 12, please state the name or type
of the bridge management system you use

Submit
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Capacity, Failure and Durability
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14.

15.

Bearing types have been categorized as follows for better
understanding of next question:

Steel  bearing  
-  Rocker/Linear bearings 
-  Roller bearings 
-  Pin/Hinged bearings
-  Combined roller and rocker bearings 
-  Sliding plate bearing
Rubber  bearing 
- Laminated elastomeric bearings
- Plain elastomeric bearings
Enclosed bearing
- Pot bearings
- Spherical bearings
- Disc bearings 
- Lead rubber bearings 
- Friction pendulum bearings 
Other types of bearings
- Seismic isolation bearings
- Special bearings 
- Lifting and measuring bearings 
- Deformation bearings 
- ILM (incremental launch) bearings 

Based on your experience and knowledge, which category of
bridge bearing best satisfy loading requirement?

Steel 

Rubber

Enclosed

Other types, please specify

Based on your experience and knowledge, which category of
bridge bearing best satisfy durability and flexibility demands?

Steel 

Rubber

Enclosed

Other types, please specify
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16.

17.

18.

19.

Have you designed, selected from manufacturers list or specified
in your design any bridge bearing before? If yes, please specify
type.

What criteria best describes your choice of bearing selection from
manufacturers list? It is possible to choose more than one option.

Availability

Contract specification

Cost 

Maximum vertical load 

Degree/extent of movement or rotation

Ease of maintenance, repair or replacement 

Bridge type

Anti-seismic capabilities

Life span of the bearing

Other, please specify

Have you experienced any bridge failure, excessive movements or
vibrations due to inefficient bearings? If yes, which type of bearing
was it and what was the probable cause?

How did you solve the bearing problem above?
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20.

21.

22.

Optimal Evaluation of Bridge Bearings

What kind of problems have you frequently experienced
concerning different kind of bridge bearings? It is possible to
choose more than one problem.

Degradation, hence inability to further withstand external force, thermal
actions, live and dead loads, weather conditions, air moisture changes
and other environmental effects

Bulging of rubber in bearing 

Slippage of Teflon, robo-slip or neoprene 

Pull-out failure of the anchor socket and shear failure cutting of anchor
bolts usually after seismic excitation 

Damage from pounding forces between adjacent superstructures 

Damage from inertia forces of superstructures under seismic
excitations 

High coefficient of friction on bearing

Replacement, repair, maintenance and servicing problems

Malfunctioning due to corrosion 

Other, please specify

How have you solved the problems?

What parameters do you measure/monitor on in-situ bearings to
control their performance during service?

Strain

Displacement

Force

Temperature

Cracks

Corrosion
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23.

24.

Dynamic response

Translational movements

Rotational movements

Other, please specify

Bearing types have been categorized as follows for better
understanding of next question:

Steel  bearing  
-  Rocker/Linear bearings 
-  Roller bearings 
-  Pin/Hinged bearings
-  Combined roller and rocker bearings 
-  Sliding plate bearings
Rubber  bearing 
- Laminated elastomeric bearings
- Plain elastomeric bearings
Enclosed bearing
- Pot bearings
- Spherical bearings
- Disc bearings 
- Lead rubber bearings
- Friction pendulum bearings 
Other types of bearings
- Seismic isolation bearings
- Special bearings 
- Lifting and measuring bearings 
- Deformation bearings 
- ILM (incremental launch) bearings 

Based on your experience and knowledge, which kind of bearings
are most suitable for use under high magnitude of vibration?

Steel

Rubber

Enclosed

Other types, please specify

Based on your experience and knowledge, which kind of bearings
are most suitable for use in seismic prone areas?

Steel

Rubber

Enclosed

Other types, please specify
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25.

26.

27.

28.

Based on your experience and knowledge, which kind of bearings
are most suitable to support a steel superstructure/deck
considering the mode of connection?

Steel

Rubber

Enclosed

Other types, please specify

Based on your experience and knowledge, which kind of bearings
are most suitable to support a concrete (prestressed, reinforced)
superstructure/deck considering the mode of connection?

Steel

Rubber

Enclosed

Other types, please specify

Based on your experience and knowledge, which kind of bearings
are most suitable when you have a concrete
(reinforced/prestressed) pier, viaduct or abutment considering the
mode of connection?

Steel

Rubber

Enclosed

Other types, please specify

Based on your experience and knowledge, which kind of bearings
are most suitable when you have a steel pier or viaduct
considering the mode of connection?

Steel

Rubber

Enclosed

Other types, please specify

Submit
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Survey Status: Closed Launched: 5/2/2012 4:30 AM Closed: 5/25/2012 6:39 AM 

Email Invites 
 

1

Visits 
 

246

Partials 
 

31 / 33

Screen Outs 
 

0 / 0

Over Quota 
 

0 / 0

Completes 
 

45 / 45

General

 1. Which of the following best describes your area or areas of specialization?  

Bridge maintenance and 
repair  23 31%

Bridge design and 
consultancy  46 61%

Bridge construction  15 20%

Bridge bearing manufacturer  4 5%

Other, please specify
View Responses  5 7%

 2. How many years of experience as a bridge engineer do you have?  

Top number is the count of 
respondents selecting the option. 
Bottom % is percent of the total 
respondents selecting the option.

0-5 5-10 10-15 15-20 >20

1 2 3 4 5

11 
15%

12 
16%

9 
12%

19 
25%

24 
32%

 3. In which country or countries have you practiced? Please state  

View 73 Responses

 4. Choose the ones of the following bridge bearing types that you are familiar with. It is possible to choose more than one option.  

Pot bearings  62 84%

Spherical bearings  33 45%

Elastomeric bearings  63 85%

Disc bearings  17 23%

ILM (Incremental launch) 
bearings  8 11%

Sliding plate bearings  31 42%

Friction pendulum bearings  6 8%

Rocker bearings  33 45%

Roller bearings  44 59%

Hinge or pin bearings  25 34%

Lead rubber bearings  12 16%

Lifting and measuring 
bearings  1 1%

Other, please specify     0 0%

Maintenance

Bearing types have been categorized as follows for better understanding of next question:

 5. Based on your experience and knowledge, which category of bridge bearing is easier to maintain or requires less maintenance?  

Steel  10 18%

Rubber  29 51%

Enclosed  16 28%

Other types, please specify
View Responses  2 4%

Total 57 100%

 6. Which of the following maintenance activities do you perform frequently on bridge bearings? It is possible to choose more than one option.  

Monitoring  17 30%
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Inspection  48 86%

Cleaning  14 25%

Painting  15 27%

Refurbishment  8 14%

Lubricating  3 5%

Jacking and resetting  10 18%

Replacement of components 
or whole bearing  21 38%

Retrofitting  10 18%

Other choices, please specify
View Responses  3 5%

 7. How often do you perform or propose to clients to perform maintenance on bridge bearings?  

Top number is the count of respondents 
selecting the option. 
Bottom % is percent of the total 
respondents selecting the option.

Every year Every 2 years Every 3-5 years Above 5 years

1 2 3 4

12 
22%

6 
11%

10 
18%

27 
49%

 8. Have you replaced, upgraded or proposed to client replacement of any bridge bearing before?  If yes, please state which type.  

View 43 Responses

 9. How long has the replaced bearing been in use?  

<30 years  28 56%

30-50 years  16 32%

50-70 years  6 12%

70-90 years     0 0%

90-100 years     0 0%

Above 100 years     0 0%

Total 50 100%

 10. Select the options that best describe reasons for replacement or upgrading.  

To accommodate higher load  14 25%

Seismic retrofitting  7 12%

Material degradation 
or corrosion causing section 
loss

 36 63%

Component (neoprene, 
anchor bolts, Teflon etc) 
slippage or failure

 22 39%

Torn or bulged rubber 
bearing  10 18%

Frozen bearing  7 12%

Displaced or tilted bearing  11 19%

Client or owner's request  3 5%

Other, please specify
View Responses  9 16%

 11. Did you have to close or stop the bridge traffic during the period of bearing replacement? If yes, please state approximate duration.  

View 43 Responses

 12. Do you have bridge bearing data integrated in your bridge management system?  

Top number is the count of respondents selecting 
the option. 
Bottom % is percent of the total respondents 
selecting the option.

Yes No No idea

1 2 3

19 
33%

26 
46%

12 
21%

 13. If you answered yes to question 12, please state the name or type of the bridge management system you use  

View 20 Responses
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Capacity, Failure and Durability

Bearing types have been categorized as follows for better understanding of next question:

 14. Based on your experience and knowledge, which category of bridge bearing best satisfy loading requirement?  

Steel  17 34%

Rubber  6 12%

Enclosed  18 36%

Other types, please specify
View Responses  9 18%

Total 50 100%

 15. Based on your experience and knowledge, which category of bridge bearing best satisfy durability and flexibility demands?  

Steel  10 20%

Rubber  20 39%

Enclosed  16 31%

Other types, please specify
View Responses  5 10%

Total 51 100%

 16. Have you designed, selected from manufacturers list or specified in your design any bridge bearing before? If yes, please specify type.  

View 35 Responses

 17. What criteria best describes your choice of bearing selection from manufacturers list? It is possible to choose more than one option.  

Availability  13 28%

Contract specification  14 30%

Cost  23 50%

Maximum vertical load  20 43%

Degree/extent of movement 
or rotation  26 57%

Ease of maintenance, repair 
or replacement  24 52%

Bridge type  17 37%

Anti-seismic capabilities  3 7%

Life span of the bearing  15 33%

Other, please specify
View Responses  2 4%

 18. Have you experienced any bridge failure, excessive movements or vibrations due to inefficient bearings? If yes, which type of bearing was it and what was 
the probable cause?  

View 36 Responses

 19. How did you solve the bearing problem above?  

View 24 Responses

 20. What kind of problems have you frequently experienced concerning different kind of bridge bearings? It is possible to choose more than one problem.  

Degradation, hence inability 
to further withstand external 
force, thermal actions, live 
and dead loads, weather 
conditions, air moisture 
changes and other 
environmental effects

 27 69%

Bulging of rubber in bearing  13 33%

Slippage of Teflon, robo-slip 
or neoprene  11 28%

Pull-out failure of the anchor 
socket and shear failure 
cutting of anchor bolts 
usually after seismic 
excitation

 4 10%
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Damage from pounding 
forces between adjacent 
superstructures

 3 8%

Damage from inertia forces 
of superstructures under 
seismic excitations

 1 3%

High coefficient of friction on 
bearing  10 26%

Replacement, repair, 
maintenance and servicing 
problems

 15 38%

Malfunctioning due to 
corrosion  22 56%

Other, please specify
View Responses  5 13%

 21. How have you solved the problems?  

View 32 Responses

 22. What parameters do you measure/monitor on in-situ bearings to control their performance during service?  

Strain  1 3%

Displacement  20 54%

Force  3 8%

Temperature  8 22%

Cracks  16 43%

Corrosion  24 65%

Dynamic response  1 3%

Translational movements  23 62%

Rotational movements  19 51%

Other, please specify
View Responses  7 19%

Bearing types have been categorized as follows for better understanding of next question:

 23. Based on your experience and knowledge, which kind of bearings are most suitable for use under high magnitude of vibration?  

Steel  4 10%

Rubber  25 64%

Enclosed  5 13%

Other types, please specify
View Responses  5 13%

Total 39 100%

 24. Based on your experience and knowledge, which kind of bearings are most suitable for use in seismic prone areas?  

Steel  3 8%

Rubber  14 35%

Enclosed  7 18%

Other types, please specify
View Responses  16 40%

Total 40 100%

 25. Based on your experience and knowledge, which kind of bearings are most suitable to support a steel superstructure/deck considering the mode of 
connection?  

Steel  13 32%

Rubber  5 12%

Enclosed  19 46%

Other types, please specify
View Responses  4 10%

Total 41 100%

 26. Based on your experience and knowledge, which kind of bearings are most suitable to support a concrete (prestressed, reinforced) superstructure/deck 
considering the mode of connection?  

Steel  5 12%

Rubber  18 44%
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Enclosed  14 34%

Other types, please specify
View Responses  4 10%

Total 41 100%

 27. Based on your experience and knowledge, which kind of bearings are most suitable when you have a concrete (reinforced/prestressed) pier, viaduct or 
abutment considering the mode of connection?  

Steel  5 12%

Rubber  17 40%

Enclosed  16 37%

Other types, please specify
View Responses  5 12%

Total 43 100%

 28. Based on your experience and knowledge, which kind of bearings are most suitable when you have a steel pier or viaduct considering the mode of 
connection?  

Steel  14 34%

Rubber  7 17%

Enclosed  17 41%

Other types, please specify
View Responses  3 7%

Total 41 100%
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Respondent # Response

1 Modular Steel Bridge Supplier

2 Supply of modular steel bridges

3 Preparation of European standards

4 Bridge bearing distributor in Scandinavian

5 Bridge research

Respondent # Response

1 USA

2 Sweden, Nigeria

3 Sweden

4 Sweden

5 Mostly Sweden,i Skandinavia sometimes.

6 Sweden

7 Sweden

8 Sweden

9 Sweden Poland Thailand Mali

10 Sverige och Norge

11 Sweden

12 DUBAI, UAE

13 UK

14 USA

15 Sweden

16 The Netherlands

17 Norway

18 USA

19 Sweden and Norway

20 Sweden

21 United States and Brazil

22 Sweden

23 Sweden

24 Netherlands, France, Malaysia, UAE, UK, Taiwan

25 Sweden

26 Sweden

27 Sweden

28 Sweden

29 UK

30 Netherlands, Belgium,

31 United Kingdom

32 UK

33 Usa

34 Sweden

35 UK and parts of Africa

1. Which of the following best describes your area or areas of specialization?

3. In which country or countries have you practiced? Please state



36 UK, US, Middle East, Europe, Far East

37 UK, USA, Hong Kong.

38 Canada

39 Spain, USA, Uruguay

40 India, Botswana, 

cameroon,Malayasia,Mayanmar,Nepal
41 Sweden

42 Sweden

43 Nepal

44 Spain Brazil

45 Spain, Belgium, Canada, Poland, Mexico, France, 

Qatar, Finland, Estonia, Lituania...
46 Sweden

47 France

48 India

49 United Kingdom

50 UK, Canada, China, Greece, Venezuela

51 Romania

52 UK

53 Hungary

54 Based in UK Bridges I've worked on design on 

have been constructed in UK, Ireland, Abu Dhabi

55 USA

56 USA

57 Denmark, Sweeden

58 Zimbabwe, South Africa, Mozambique, Angola, 

Botswana
59 Greece, UK

60 UK, Turkey

61 UK, Ireland, Canada

62 UK, HK, DE, NL

63 Denmark, Sweden, Norway

64 United Kingdom and Republic of Ireland

65 England

66 UK, Pakistan

67 Sweden

68 UK, Africa, Turkey, Malaysia

69 UK South East Asia Middle East Europe

70 Sweden only

71 Sweden and USA

72 England and scotland

73 USA

Respondent # Response

5. Based on your experience and knowledge, which category of bridge bearing is easier to maintain 

or requires less maintenance?



1 The bearings which are used is related to the 

demands in the bridge code. I do not have the 

longterm effect for these bearings, the problems 

is often related to the corrosion protectionsystem 

for the steel parts in the bearing´s. Only rubber is 

not with steel and only used for smaller bridges 

due to the capacity.

2 Newer bearings ‐ otherwise no data that shows 

differences

Respondent # Response

1 None, not in my scope of work, I have done 

specifications for replacement of bearings after 

damage
2 weld repairs

Respondent # Response

1 No

2 From steel bearings to enclosed bearings

3 Roller bearings

4 I have replaced bearings in 2 cases after damage 

to the bearings due to errors while placing the 

bearings in the first place
5 Yes steel roller bearings.

6 Replaced roller bearings to neotopf.

7 Elastomeric Bearing Pads

8 ROLLER BEARINGS

9 No

10 Yes, rubber bearings and pot‐bearings (proposed 

a replacement)
11 No

12 Yes, all

13 Elastometic and pot bearings

14 Yes, rubber and enclosed.

15 pot bearing

16 Rubber

17 yes, enclosed bearing

18 Replaced steel rocking/roller bearings

19 Remove rockers

20 Pot & Spherical

21 yes, elastomeric and mechanical bearings

22 yes, steel rocker replaced with rubber

23 standard elastomeric

24 Elastomeric & steel roller

25 Yes, pot bearing, sliding plate bearing,

26 yes, Rubber and enclosed bearings

6. Which of the following maintenance activities do you perform frequently on bridge bearings? It is 

possible to choose more than one option.

8. Have you replaced, upgraded or proposed to client replacement of any bridge bearing before?  If 

yes, please state which type.



27 Pendulam,

28 Rocker Roller

29 Yes, rocker bearings

30 steel,elastomeric

31 yes pot/disc, spherical, roller and elastomeric 

bearings
32 Replaced pot bearings with pot bearings

33 Steel bearing with laminated pads

34 Steel, rubber

35 Pot

36 replaced elastomeric, and pot bearings in bridges 

in Canada, through detailed jacking process, 

design of shoring system and modification of 

diaphragms where necessary, also bearing 

upgrade to meet current seismic

37 Yes

38 Yes, many different types have been replaced 

with a range of modern bearings.
39 Enclosed & Rubber

40 Spherical Bearing

41 Numerous ‐ rollers, rockers, spherical, 

elastomeric
42 Roller bearings

43 Replacement of sliding bearings on a 60's 

structure

Respondent # Response

1 cracks in steel rollers or steel plates

2 movement of the substructure

3 Cracked cill beams also replaced

4 failure of bearings under side loads

5 crack in the bearing body in cast iron

6 wear

7 deterioration, closing up joints requiring new 

sizes
8 often expansion joints have failed causing 

chloride ingress damage to bearing shelf and 

assembly
9 Defective (cracked) bearing thought to be caused 

by inappropriate installation procedure.

Respondent # Response

1 Yes, about 9 hours

2 Yes, approx 30 min at night.

3 No, the bridges where not yet open to traffic.

10. Select the options that best describe reasons for replacement or upgrading.

11. Did you have to close or stop the bridge traffic during the period of bearing replacement? If yes, 

please state approximate duration.



4 no

5 No, but trafic was centered on bridge.

6 no

7 No

8 no

9 Sometimes. That depends not on the bearing but 

instead on the bearing capacity of jacking points 

and temporary structures.
10 one shift at a time off rush hours after 9:30 in the 

morning top 3;30 in the afternoon (EDT)

11 Yes, but combined with other works. Half year.

12 6 hrs

13 No

14 no

15 No

16 Yes. 2 days.

17 3 weeks

18 Yes, 5 hours obernight at a time.

19 Sometimes, depending on structure design. 

Usually for a couple of days per bearing.
20 1 week

21 Yes , proposed for temporary closures of traffic 

approx 2 days, on the effected side
22 Yes, but the time that traffic was stopped 

depended on other repairwork that was done 

during the same time.
23 yes

24 20‐30 minutes

25 A long period

26 Partial closure to traffic, replacement with lane 

restrictions normally possible.
27 Traffic was moved but not stopped

28 2 hours

29 Yes during jacking operations and initial 

installation
30 The traffic stopping was a must, because we lifted 

the whole superstructure and the loads were on 

the jacks that are not capable for transmitting 

vertical loads.
31 Overnight closure for jacking up, duration approx 

2hrs. Then open with reduced lanes (1 per 

direction instead of 2) while actual construction 

works carried out. Then overnight closure, approx 

2hrs, for jacking down onto new bearings.

32 No.

33 Sometimes, if more than a work shift, typically 

require that metho to replace shall carry live 

load, unless traffic can be detoured.

34 No



35 depends on the structure and adequacy of the 

original diaphragms (if any). Usually we can 

replace bearings and maintain at least one open 

traffic lane at a time (works undertaken with 

traffic control) jacking of the close lane on bridge 

and shimming under loaded lanes as necessary.

36 Yes

37 Bridge traffic closed for a period of one night to 

jack and then one night to de‐jack the bridge 

deck during each phase of the works.

38 Yes, 2 days

39 No

40 No

41 No

42 1 month

43 The bridge was open to traffic but jacked up and 

stood on a trestle.

Respondent # Response

1 BaTMan

2 BaTMan, Bridge and Tunnel Management, Owned 

and developed by Swedish Transport 

Administaration.
3 ‐

4 We are working with Swedish National 

Transportation Administration and their bridge 

management system BATMAN. We do not have a 

bridge management system developed for any 

other perpose.
5 BatMan

6 BatMan

7 BaTMan which is the BMS of Swedish Transport 

Administration
8 BaTMan

9 Tobe

10 Pontis

11 Freyssinet mainly

12 The answer to above is generally no ,but in the 

case of Botwswana we used BMS of CRRI South 

Africa
13 BaTMan

14 It depends on what you mean by bearing data. In 

our system we insert kind of bearing but not alla 

data about bearing type.

15 IR has developed its own MIS

13. If you answered yes to question 12, please state the name or type of the bridge management 

system you use



16 Different provinces use different systems, Ontario 

and Newfoundland, PEI use the OSIM system, 

New Brunswick and Nova Scotia use their own 

systems.
17 Varies from client to client, but generally the 

Highways Agency SMIS system or BMX with local 

authorities.
18 Confirm

19 BaTMan ‐ Swedish Britdge anf Tunnel 

Management system
20 BMS2

Respondent # Response

1 The bearings are ment to carry the bridges for 

many years. I have only been dealing with bridges 

in 15 years or so. You have to analyse ths with a 

bridge management system.

2 Impossible question. The all do their job within 

limits.
3 Depends on the situation

4 MSM sphericals

5 bearing selection depends load, low load, rubber, 

high load enclosed (movement counts as load)

6 Pot Bearings

7 All do, but it depends on the magnitude of the 

load being applied
8 Depends on the type of load.

9 Depends on loading requirements

Respondent # Response

1 The bearings are ment to carry the bridges for 

many years. I have only been dealing with bridges 

in 15 years or so. You have to analyse ths with a 

bridge management system.

2 Depends on the situation

3 MSM Spherical

4 Rubber and Enclosed work best.

Respondent # Response

1 Yes, enclosed bearings

2 Pot bearings

16. Have you designed, selected from manufacturers list or specified in your design any bridge 

bearing before? If yes, please specify type.

14. Based on your experience and knowledge, which category of bridge bearing best satisfy loading 

requirement?

15. Based on your experience and knowledge, which category of bridge bearing best satisfy 

durability and flexibility demands?



3 Yes selected from manufacturerer, but as the 

client wants specific drawings for bearings mostly 

the manufacturer ultimatly chosses the bearings.

4 Yes, from manufacturers list.

5 DISC, STEEL LINEAR ROCKER, PIN/HINGED, 

LAMINATED ELASTOMERIC
6 Mageba, Tobe

7 Rubber

8 no

9 Rubber, enclosed

10 No

11 Enclosed

12 yes, enclosed

13 Specified elastomeric and enclosed bearings

14 Ptfe, elastomer, lead‐rubber

15 pot

16 Elastomeic and mechanical bearings

17 yes, steel rocker, reinforced elastomeric, sliding, 

pot
18 Yes, pot bearing

19 no

20 Rubber;Enclosed

21 pOT pTFE, NEOPERENE

22 No. Bearings are normally source by Principal 

Contractor by specification. Pot Bearings 

especially
23 Yes, rubber

24 We have selected the manufacturers in the point 

of given price, guarantee conditions and feedback 

from maintenance companies.

25 Yes. have specified both pot bearings and 

elastomeric bearings on different projects
26 Elastomer laminated bearing pads

27 Enclosed and Rubber

28 Selected from Manufacturer rubber bearinga

29 Yes we often use the GOODCO ZTECH manual 

(list) for design and bearing selction

30 No

31 Yes, Pot, Spherical and Elastomeric bearings

32 All types

33 Yes ‐ pot, spherical, disc, sliding plate,elastomeric

34 No

35 No

17. What criteria best describes your choice of bearing selection from manufacturers list? It is 

possible to choose more than one option.



Respondent # Response

1 I do not choose

2 As a designer I will specify a bearing from the 

manufacturer that gives me most help/design 

guidance, bearing capacity (rotation/load tables).

Respondent # Response

1 No

2 Roller bearings

3 degradation causing bearings to move to their 

outer range making the bridge lean towards the 

abutment
4 No.

5 ROLLER BEARINGS ECCENTRICALLY LOADED DUE 

TO ARTICULATION OF BRIDGE
6 No bridge failure, the bridge deck only was 

horizontally displaced.
7 no

8 No

9 rubber, bad design

10 No.

11 No

12 no

13 N/a

14 yes pot bearings

15 Mechanical bearings

16 no

17 no

18 Yes. Roller bearings that has burst.

19 no

20 Corroweldlagren. Traffic volume.

21 Rubber. Probable cause : glue system or bad 

installation.
22 Corrosion and associated damage to sliding 

surfaces
23 yes locked‐up/misaligned roller bearings

24 No

25 No

26 No

27 Yes, enclosed, wrong design

28 Yes Pot bearings

29 1) supply of defective pot bearings. 2) seized 

bearings on old truss bridges
30 No

31 No

32 No

18. Have you experienced any bridge failure, excessive movements or vibrations due to inefficient 

bearings? If yes, which type of bearing was it and what was the probable cause?



33 No

34 Roller bearings. No contact with the roll

35 Yes elastomeric bearings moved beyond limits of 

use and needed to be jacked up and reset

36 No

Respondent # Response

1 Exchange of the bearing to pot bearing

2 suggested that the bearing should be changed

3 REPLACE WITH DISC BEARINGS ALLOWING 

ROTATION ABOUT BOTH AXES
4 Replace rubber bearings, and position the 

bearings in a horizontal line.
5 NA

6 Replace bearing

7 N/A

8 adding clamps/guides to avoid the bridge falls of 

it's bearing
9 N/a

10 replacement ‐ with better manufactured bearings

11 Replacement

12 Replaced the bursted roller bearings with new 

roller bearings.
13 replacement

14 Not yet solved

15 Replace Bearing

16 Contingency in the jacking scheme to resist and 

restore
17 n/a

18 N/a

19 replacing

20 Replacement

21 1) manufacturer had to replace early in the 

bridge life 2) replacement
22 N/A

23 I changed it to a new bearing

24 Jacked up and reset

Respondent # Response

1 Cracks in steel rollers and steel plates

2 bad design and specification of bridge bearings

3 fixing bolts left in place

4 Wear on ptfe layer, failure of stainless steel layer

19. How did you solve the bearing problem above?

20. What kind of problems have you frequently experienced concerning different kind of bridge 

bearings? It is possible to choose more than one problem.



5 pull out failure due to sliding bearings seizing

Respondent # Response

1 Exchanging bearings

2 Exchange of the actual bearing

3 REPLACE BEARING. STRENGTHEN BEARING 

PLINTH DUE TO PULL OUT OF H.D. FIXINGS
4 replace, repaint

5 Change of bearing

6 Replaced affected materials

7 The bridges with bearing problems are very old 

which usually means that we replace the 

superstructure or entire bridge.
8 Replacement or repair

9 replacement

10 Monitor and replace as necessary

11 Bearing replacement.

12 not enough time

13 Repairs and replacement

14 bearing replacement

15 Replaced bursted bearings. Repainted bearings 

with corrosion.
16 Repainting and/or replacement

17 Replacing with the same type and monitoring

18 Repair Bearing with modern enclosed bearing 

with corrosion resistant materials and seals.

19 Replacement

20 total replacement

21 Replacement of bearing.

22 Replace with bearing with higher vertical load 

capacity. Told client to maintain his bridge better!

23 Replaced bearings

24 generally we replace the bearings when they 

degrade otherwise clean and/or lubricate.

25 Replace

26 Replacement

27 Bearing replacements are common

28 Replace the teflon

29 Yes

30 Replacement generally

31 Replacement

32 New bearing

21. How have you solved the problems?

22. What parameters do you measure/monitor on in‐situ bearings to control their performance 

during service?



Respondent # Response

1 VISUAL INSPECTION DURING TRAFFIC USE

2 None

3 visual inspection

4 Visual inspection

5 Quality and quantity of oil if submerged type

6 No long term monitoring, except for global 

structure movement
7 have never tried to monitor insitu bearings

Respondent # Response

1 no opinion

2 Do not know

3 Special bearings

4 Pot Ptfe

Respondent # Response

1 Don´t know

2 Not sure, in the Netherlands no seismic 

conditions, I think probably enclosed
3 not relevant

4 We have no sesmic areas

5 Do not know

6 Seismic isolation bearings

7 No knowledge

8 Steel and Pot Ptfe

9 Not known

10 Seismic isolation

11 Mixture of guided and free pot bearings or 

rubber bearings with restraining angles for lateral 

seismic loads
12 Uk rarely designs for seismic loads

13 No idea

14 don't work in this area

Respondent # Response

1 Do not know

2 Pot ptfe after properdesign

3 Pot Bearings

4 All

23. Based on your experience and knowledge, which kind of bearings are most suitable for use under 

high magnitude of vibration?

24. Based on your experience and knowledge, which kind of bearings are most suitable for use in 

seismic prone areas?

25. Based on your experience and knowledge, which kind of bearings are most suitable to support a 

steel superstructure/deck considering the mode of connection?

26. Based on your experience and knowledge, which kind of bearings are most suitable to support a 

concrete (prestressed, reinforced) superstructure/deck considering the mode of connection?



Respondent # Response

1 DISC

2 Neoperene and Pot ptfe

3 Not known

4 All

Respondent # Response

1 DISC

2 Ptfe

3 Pot ptfe

4 Not known

5 All

Respondent # Response

1 DISC

2 Do not know

3 steel and or pot ptfe

28. Based on your experience and knowledge, which kind of bearings are most suitable when you 

have a steel pier or viaduct considering the mode of connection?

27. Based on your experience and knowledge, which kind of bearings are most suitable when you 

have a concrete (reinforced/prestressed) pier, viaduct or abutment considering the mode of 

connection?
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 Optimal Evaluation of Bridge Bearings (for Bearing Manufacturers)
Page 1 - Heading

General

Description

Page 1 - Question 1 - Rating Scale - Matrix

During how many years have your company been manufacturing bridge bearings?
<10 10-20 20-30 30-40 40-50 >50
m 1 m 2 m 3 m 4 m 5 m 6



Page 1 - Question 2 - Choice - Multiple Answers (Bullets) [Up To 13 Answers]

Choose the ones of the following bridge bearing types that your company manufactures.

 Pot bearings
 Spherical bearings
 Elastomeric bearings
 Disc bearings
 ILM (Incremental launch) bearings
 Sliding plate bearings
 Rocker bearings
 Roller bearings
 Hinge or pin bearings
 Lifting and measuring bearings
 Lead rubber bearings
 Friction pendulum bearings
 Other, please specify

Page 2 - Heading

Bearing types have been categorized as follows for better understanding of next question:
Steel  bearing  -  Rocker/Linear bearings-  Roller bearings -  Pin/Hinged bearings-  Sliding plate bearings-  Combined 
roller and rocker bearingsRubber  bearing - Plain elastomeric bearings- Laminated elastomeric bearingsEnclosed bearing- 
Pot bearings- Spherical bearings- Disc bearings- Lead rubber bearings- Friction pendulum bearings Other types of 
bearings  - Seismic isolation bearings- Special bearings - Lifting and measuring bearings - Deformation bearings - ILM 
(incremental launch) bearings

Page 2 - Question 3 - Choice - One Answer (Bullets)

Based on the experience and knowledge at your company, which category of bridge bearing is cost effective considering 
the commissioning cost?

 Steel
 Rubber
 Enclosed
 Other types, please specify

Page 2 - Question 4 - Choice - One Answer (Bullets)

Based on the experience and knowledge at your company, which category of bridge bearing is cost effective considering 
the life cycle cost (maintenance, repair, replacement)?

 Steel
 Rubber
 Enclosed
 Other types, please specify



Page 2 - Heading

Maintenance

Description

Page 2 - Question 5 - Choice - One Answer (Bullets)

Based on the experience and knowledge at your company, which category of bridge bearing is easier to maintain or 
requires less maintenance?

 Steel
 Rubber
 Enclosed
 Other types, please specify

Page 2 - Question 6 - Choice - Multiple Answers (Bullets)

Which of the following maintenance activities do you perform frequently on bridge bearings? It is possible to choose more 
than one option.

 Monitoring
 Inspection
 Cleaning
 Painting
 Refurbishment
 Lubricating
 Jacking and resetting
 Replacement of components or whole bearing
 Retrofitting
 Other choices, please specify

Page 2 - Question 7 - Rating Scale - Matrix

How often do you perform or propose to clients to perform inspection and  maintenance on bridge bearings?
Every year Every 2 years Every 3-5 years Above 5 years
m 1 m 2 m 3 m 4



Page 2 - Question 8 - Open Ended - Comments Box

Have you replaced, upgraded or proposed to client replacement of any bridge bearing before?  If yes, please state which 
type.

Page 2 - Question 9 - Choice - One Answer (Bullets)

How long has the replaced bearing been in use?

 < 30 years
 30-50 years
 50-70 years
 70-90 years
 90-100 years
 Above 100 years

Page 2 - Question 10 - Choice - One Answer (Bullets)

Select the option that best describes reasons for replacement or upgrading.

 To accommodate higher load
 Seismic retrofitting
 Material degradation or corrosion causing section loss.
 Component (neoprene, anchor bolts, Teflon) slippage or failure
 Torn or bulged rubber bearing
 Frozen bearing
 Displaced or tilted bearing
 Client's or owner's request
 Other, please specify

Page 2 - Question 11 - Open Ended - Comments Box

Did you have to close or stop the bridge traffic during the period of bearing replacement? If yes, please state approximate 
duration.

Page 2 - Question 12 - Rating Scale - Matrix

Do you have bridge bearing data integrated in your bridge management system?
Yes No No idea
m 1 m 2 m 3

Page 3 - Heading

Bearing Manufacturing, Quality Control, Quality Assurance and Cost Evaluation
Description



Page 3 - Question 13 - Rating Scale - Matrix

What is the average service life your bearings are manufactured for?
30-50 years 50-70 years 70-90 years 90-110 years >110 years
m 1 m 2 m 3 m 4 m 5

Page 3 - Question 14 - Open Ended - One or More Lines with Prompt

What is the average cost of these bearings from your company's perspective, considering average vertical load and extent 
of movement. Please state the currency. e.g 10,000-15,000$

 Pot bearings
 Spherical bearings
 Elastomeric bearings
 Disc bearings
 ILM (incremental launch) bearings
 Lead rubber bearings
 Friction pendulum bearings
 Rocker bearings
 Roller bearings
 Hinge or pin bearings
 Lifting and measuring bearings
 Sliding plate bearings

Page 3 - Question 15 - Rating Scale - Matrix

How would you rate the initial cost of the following bridge bearing types?
Low Moderate High

Pot bearings m 1 m 2 m 3
Spherical bearings m 1 m 2 m 3
Elastomeric bearings m 1 m 2 m 3
Disc bearings m 1 m 2 m 3
Rocker bearings m 1 m 2 m 3
Roller bearings m 1 m 2 m 3
Hinge or pin bearings m 1 m 2 m 3
ILM (Incremental launch) bearings m 1 m 2 m 3
Friction pendulum bearings m 1 m 2 m 3
Lead rubber bearings m 1 m 2 m 3
Sliding plate bearings m 1 m 2 m 3
Lifting and measuring bearings m 1 m 2 m 3

Page 3 - Question 16 - Rating Scale - Matrix

How would you rate the maintenance cost of the following bridge bearing types?
Low Moderate High

Pot bearings m 1 m 2 m 3
Spherical bearings m 1 m 2 m 3
Elastomeric bearings m 1 m 2 m 3
Disc bearings m 1 m 2 m 3
Rocker bearings m 1 m 2 m 3
Roller bearings m 1 m 2 m 3
Hinge or pin bearings m 1 m 2 m 3
ILM (Incremental launch) bearings m 1 m 2 m 3
Friction pendulum bearings m 1 m 2 m 3
Lead rubber bearings m 1 m 2 m 3



Sliding plate bearings m 1 m 2 m 3
Lifting and measuring bearings m 1 m 2 m 3

Page 3 - Question 17 - Rating Scale - Matrix

How would you rate the replacement cost of the following bridge bearing types?
Low Moderate High

Pot bearings m 1 m 2 m 3
Spherical bearings m 1 m 2 m 3
Elastomeric bearings m 1 m 2 m 3
Disc bearings m 1 m 2 m 3
Rocker bearings m 1 m 2 m 3
Roller bearings m 1 m 2 m 3
Hinge or pin bearings m 1 m 2 m 3
ILM (Incremental launch) bearings m 1 m 2 m 3
Friction pendulum bearings m 1 m 2 m 3
Lead rubber bearings m 1 m 2 m 3
Sliding plate bearings m 1 m 2 m 3
Lifting and measuring bearings m 1 m 2 m 3

Page 3 - Question 18 - Choice - One Answer (Bullets)

Do you perform quality assurance to ensure bearings will sustain higher load than designed for during service? if yes, 
what measures do you take?

 Testing bearings with higher loads than the expected service load
 Increasing the strength, grade and quality of constituent materials
 Finite element modeling and analysis of load cases on the bearing
 Increasing the bearing surface area
 Other measures, please specify

Page 3 - Question 19 - Open Ended - One or More Lines with Prompt

What is the average maximum vertical load in KN these bearings can withstand?

 Pot bearings
 Spherical bearings
 Elastomeric bearings
 Disc bearings
 ILM (incremental launch) bearings
 Sliding plate bearings
 Rocker bearings
 Roller bearings
 Hinge or pin bearings
 Lifting and measuring bearings
 Friction pendulum bearings
 Lead rubber bearings

Page 3 - Question 20 - Open Ended - One or More Lines with Prompt

What is the average maximum translational movement in mm these bearings can withstand?

 Pot bearings
 Spherical bearings
 Elastomeric bearings



 Disc bearings
 ILM (incremental launch) bearings
 Sliding plate bearings
 Lead rubber bearings
 Rocker bearings
 Roller bearings
 Lifting and measuring bearings
 Friction pendulum bearings

Page 3 - Question 21 - Open Ended - One or More Lines with Prompt

What is the average maximum rotation in radians these bearings can permit?

 Pot bearings
 Spherical bearings
 Elastomeric bearings
 Disc bearings
 ILM (incremental launch) bearings
 Friction pendulum bearings
 Rocker bearings
 Roller bearings
 Hinge or pin bearings
 Fixed or clamped bearings
 Lifting and measuring bearings
 Lead rubber bearings

Thank You Page

Questions about or interest in the survey results can be sent to fasheyi@kth.se or on +46764096473.  Masters student at 
KTH's Department of Bridge and Structural Engineering. Stockholm, Sweden
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General

 1. During how many years have your company been manufacturing bridge bearings?  

Top number is the count of 
respondents selecting the 
option. 
Bottom % is percent of the 
total respondents selecting 
the option.

<10 10-20 20-30 30-40 40-50 >50

1 2 3 4 5 6

0 
0%

0 
0%

4 
50%

2 
25%

1 
12%

1 
12%

 2. Choose the ones of the following bridge bearing types that your company manufactures.  

Pot bearings  5 62%

Spherical bearings  4 50%

Elastomeric bearings  6 75%

Disc bearings  3 38%

ILM (Incremental launch) 
bearings  2 25%

Sliding plate bearings  6 75%

Rocker bearings  2 25%

Roller bearings  2 25%

Hinge or pin bearings  1 12%

Lifting and measuring 
bearings  1 12%

Lead rubber bearings  1 12%

Friction pendulum bearings     0 0%

Other, please specify
View Responses  1 12%

Bearing types have been categorized as follows for better understanding of next question:

 3. Based on the experience and knowledge at your company, which category of bridge bearing is cost effective considering the commissioning cost?  

Steel     0 0%

Rubber  5 62%

Enclosed  2 25%

Other types, please specify
View Responses  1 12%

Total 8 100%

 4. Based on the experience and knowledge at your company, which category of bridge bearing is cost effective considering the life cycle cost (maintenance, 
repair, replacement)?  

Steel  1 12%

Rubber  4 50%

Enclosed  2 25%

Other types, please specify
View Responses  1 12%

Total 8 100%

Maintenance

 5. Based on the experience and knowledge at your company, which category of bridge bearing is easier to maintain or requires less maintenance?  

Steel     0 0%

Rubber  4 50%

Enclosed  2 25%

Other types, please specify  2 25%
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View Responses

Total 8 100%

 6. Which of the following maintenance activities do you perform frequently on bridge bearings? It is possible to choose more than one option.  

Monitoring     0 0%

Inspection  3 43%

Cleaning  1 14%

Painting  1 14%

Refurbishment     0 0%

Lubricating  1 14%

Jacking and resetting  1 14%

Replacement of components 
or whole bearing  2 29%

Retrofitting  1 14%

Other choices, please specify
View Responses  3 43%

 7. How often do you perform or propose to clients to perform inspection and  maintenance on bridge bearings?  

Top number is the count of respondents 
selecting the option. 
Bottom % is percent of the total 
respondents selecting the option.

Every year Every 2 years Every 3-5 years Above 5 years

1 2 3 4

1 
14%

2 
29%

2 
29%

2 
29%

 8. Have you replaced, upgraded or proposed to client replacement of any bridge bearing before?  If yes, please state which type.  

View 5 Responses

 9. How long has the replaced bearing been in use?  

< 30 years  3 100%

30-50 years     0 0%

50-70 years     0 0%

70-90 years     0 0%

90-100 years     0 0%

Above 100 years     0 0%

Total 3 100%

 10. Select the option that best describes reasons for replacement or upgrading.  

To accommodate higher load  1 17%

Seismic retrofitting  1 17%

Material degradation or 
corrosion causing section 
loss.

    0 0%

Component (neoprene, 
anchor bolts, Teflon) slippage 
or failure

    0 0%

Torn or bulged rubber 
bearing  1 17%

Frozen bearing  1 17%

Displaced or tilted bearing     0 0%

Client's or owner's request  1 17%

Other, please specify
View Responses  1 17%

Total 6 100%

 11. Did you have to close or stop the bridge traffic during the period of bearing replacement? If yes, please state approximate duration.  

View 3 Responses

 12. Do you have bridge bearing data integrated in your bridge management system?  

Top number is the count of respondents selecting 
the option. 
Bottom % is percent of the total respondents 
selecting the option.

Yes No No idea
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1 2 3

2 
25%

3 
38%

3 
38%

Bearing Manufacturing, Quality Control, Quality Assurance and Cost Evaluation

 13. What is the average service life your bearings are manufactured for?  

Top number is the count of 
respondents selecting the option. 
Bottom % is percent of the total 
respondents selecting the option.

30-50 years 50-70 years 70-90 years 90-110 years >110 years

1 2 3 4 5

2 
33%

2 
33%

0 
0%

2 
33%

0 
0%

 14. What is the average cost of these bearings from your company's perspective, considering average vertical load and extent of movement. Please state the 
currency. e.g 10,000-15,000$  

View 2 Responses

 15. How would you rate the initial cost of the following bridge bearing types?  

Top number is the count of respondents selecting 
the option. 
Bottom % is percent of the total respondents 
selecting the option.

Low Moderate High

1 2 3

Pot bearings 0 
0%

4 
80%

1 
20%

Spherical bearings 0 
0%

2 
40%

3 
60%

Elastomeric bearings 5 
100%

0 
0%

0 
0%

Disc bearings 0 
0%

2 
50%

2 
50%

Rocker bearings 0 
0%

2 
50%

2 
50%

Roller bearings 0 
0%

2 
50%

2 
50%

Hinge or pin bearings 0 
0%

1 
25%

3 
75%

ILM (Incremental launch) bearings 1 
33%

1 
33%

1 
33%

Friction pendulum bearings 0 
0%

0 
0%

4 
100%

Lead rubber bearings 0 
0%

1 
25%

3 
75%

Sliding plate bearings 3 
60%

1 
20%

1 
20%

Lifting and measuring bearings 0 
0%

2 
67%

1 
33%

 16. How would you rate the maintenance cost of the following bridge bearing types?  

Top number is the count of respondents selecting 
the option. 
Bottom % is percent of the total respondents 
selecting the option.

Low Moderate High

1 2 3

Pot bearings 2 
40%

0 
0%

3 
60%

Spherical bearings 2 
40%

1 
20%

2 
40%

Elastomeric bearings 4 
80%

0 
0%

1 
20%

Disc bearings 3 
60%

2 
40%

0 
0%

Rocker bearings 0 
0%

3 
60%

2 
40%

Roller bearings 0 
0%

3 
60%

2 
40%

Hinge or pin bearings 0 
0%

2 
40%

3 
60%

ILM (Incremental launch) bearings 1 
33%

1 
33%

1 
33%

Friction pendulum bearings 0 
0%

2 
50%

2 
50%
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Lead rubber bearings 3 
60%

0 
0%

2 
40%

Sliding plate bearings 0 
0%

2 
67%

1 
33%

Lifting and measuring bearings 0 
0%

2 
67%

1 
33%

 17. How would you rate the replacement cost of the following bridge bearing types?  

Top number is the count of respondents selecting 
the option. 
Bottom % is percent of the total respondents 
selecting the option.

Low Moderate High

1 2 3

Pot bearings 0 
0%

2 
40%

3 
60%

Spherical bearings 0 
0%

2 
40%

3 
60%

Elastomeric bearings 0 
0%

3 
60%

2 
40%

Disc bearings 0 
0%

2 
40%

3 
60%

Rocker bearings 0 
0%

2 
40%

3 
60%

Roller bearings 0 
0%

2 
40%

3 
60%

Hinge or pin bearings 0 
0%

2 
40%

3 
60%

ILM (Incremental launch) bearings 1 
20%

2 
40%

2 
40%

Friction pendulum bearings 0 
0%

1 
20%

4 
80%

Lead rubber bearings 0 
0%

2 
40%

3 
60%

Sliding plate bearings 0 
0%

2 
40%

3 
60%

Lifting and measuring bearings 0 
0%

2 
40%

3 
60%

 18. Do you perform quality assurance to ensure bearings will sustain higher load than designed for during service? if yes, what measures do you take?  

Testing bearings with higher 
loads than the expected 
service load

 3 50%

Increasing the strength, 
grade and quality of 
constituent materials

    0 0%

Finite element modeling and 
analysis of load cases on the 
bearing

    0 0%

Increasing the bearing 
surface area     0 0%

Other measures, please 
specify
View Responses

 3 50%

Total 6 100%

 19. What is the average maximum vertical load in KN these bearings can withstand?  

View 4 Responses

 20. What is the average maximum translational movement in mm these bearings can withstand?  

View 3 Responses

 21. What is the average maximum rotation in radians these bearings can permit?  

View 3 Responses
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Respondent # Response

1 SORBEX 

(Cotton 

Duck/CDP/

preformed 

fabric pad) 

based 

expansion 

bearings 

(polished 

stainless 

steel to 

PTFE 

friction 

interface)

Respondent # Response

1 SORBTEX 

Expansion 

bearings

Respondent # Response

1 SORBTEX 

Expansion 

Bearings

Respondent # Response

1 SORBTEX 

Expansion 

Bearings
2 pot bearing

Respondent # Response

1 We don't 

do on site 

work

6. Which of the following maintenance activities do you 

perform frequently on bridge bearings? It is possible to 

your company manufactures.

3. Based on the experience and knowledge at your company, 

which category of bridge bearing is cost effective considering 

4. Based on the experience and knowledge at your company, 

which category of bridge bearing is cost effective considering 

5. Based on the experience and knowledge at your company, 

which category of bridge bearing is easier to maintain or 



2 Voss 

Engineering

, Inc. does 

not supply 

and field 

related 

services

3 our 

customers 

do

Respondent # Response

1 No

2 Many 

bridges in 

the US have 

needed the 

replacemen

t of 

enclosed 

and steel 

bearings.

8. Have you replaced, upgraded or proposed to client 

replacement of any bridge bearing before?  If yes, please 



3 SORBTEX 

Expansion 

bearings 

have been 

utilized as 

replacemen

t bearings 

for a variety 

of steel 

type 

bearings 

(rocker/roll

er/pin) due 

to the high 

load 

capacity of 

the 

SORBTEX 

elastomeric 

component 

and the 

ability to 

provide for 

significant 

longitudinal 

movement 

through the 

introductio

n of a 

stainless 
4 Rubber

5 no

Respondent # Response

1 multiple 

causes can 

contribute 

to a 

replacemen

t/upgrade 

decision

Respondent # Response

replacement or upgrading.

11. Did you have to close or stop the bridge traffic during the 

period of bearing replacement? If yes, please state 



1 We don't 

perform the 

installation

2 This 

question for 

the 

Engineer of 

Record 

and/or 

constructio

n 

contractor 

as it is 

beyond our 

scope of 

involvemen

t.

3 No



Respondent #

Question 

14: Pot 

bearings

Question 14: 

Spherical 

bearings

Question 14: 

Elastomeric 

bearings

Question 14: 

Disc bearings

Question 14: 

ILM 

(incremental 

launch) 

bearings

Question 14: 

Lead rubber 

bearings

Question 14: 

Friction 

pendulum 

bearings

Question 14: 

Rocker 

bearings

Question 14: 

Roller bearings

Question 14: Hinge 

or pin bearings

Question 14: Lifting 

and measuring 

bearings

Question 14: 

Sliding plate 

bearings

1 $350 US

2 20 ‐ 8000 

Euro (only 

elastomer 

bearing)

150 Euro for 

4500 kN 

design

Respondent # Response

1 Do items 

1&2
2 1) 

Encourage 

the 

Engineer of 

Record to 

follow the 

recommen

ded service 

load limits 

2) 

Encourage 

the 

Engineer of 

Record to 

carefully 

consider 

rotation 

requiremen

ts 

(structure 

related and 

constructio

n 

tolerance)

3 optimize 

design of 

elastomer 

bearings

14. What is the average cost of these bearings from your company's perspective, considering average vertical load and extent of movement. Please state the currency. e.g 10,000‐15,000$

18. Do you perform quality assurance to ensure bearings will 

sustain higher load than designed for during service? if yes, 

what measures do you take?



Respondent #

Question 

19: Pot 

bearings

Question 19: 

Spherical 

bearings

Question 19: 

Elastomeric 

bearings

Question 19: 

Disc bearings

Question 19: 

ILM 

(incremental 

launch) 

bearings

Question 19: 

Sliding plate 

bearings

Question 19: 

Rocker bearings

Question 19: 

Roller 

bearings

Question 19: 

Hinge or pin 

bearings

Question 19: Lifting 

and measuring 

bearings

Question 19: Friction 

pendulum bearings

Question 19: Lead 

rubber bearings

1 very high very high 5000kn very high very high very high very high

2 Depends on 

size
3 80000 40000 2500 60000 20000 5000 10000 100000 100000 25000 25000 20000

4 EN 1337‐3 

allows 

120000 kN 

design with 

1000 x 1000 

mm

22,5 MPa 

characteristic 

e.g. 4500 kN 

for 400 x 500 

mm

Respondent #

Question 

20: Pot 

bearings

Question 20: 

Spherical 

bearings

Question 20: 

Elastomeric 

bearings

Question 20: 

Disc bearings

Question 20: 

ILM 

(incremental 

launch) 

bearings

Question 20: 

Sliding plate 

bearings

Question 20: 

Lead rubber 

bearings

Question 20: 

Rocker 

bearings

Question 20: 

Roller bearings

Question 20: Lifting 

and measuring 

bearings

Question 20: Friction 

pendulum bearings

1 Depends on 

size
2 2000 2000 100 2000 1000 100 100 500 1000 200 1000

3 approx. + ‐

150 mm

Respondent #

Question 

21: Pot 

bearings

Question 21: 

Spherical 

bearings

Question 21: 

Elastomeric 

bearings

Question 21: 

Disc bearings

Question 21: 

ILM 

(incremental 

launch) 

bearings

Question 21: 

Friction 

pendulum 

bearings

Question 21: 

Rocker bearings

Question 21: 

Roller 

bearings

Question 21: 

Hinge or pin 

bearings

Question 21: Fixed 

or clamped 

bearings

Question 21: Lifting 

and measuring 

bearings

Question 21: Lead 

rubber bearings

1 0,01

2 0,04 0,06 0,015 0,04 0,03 0,04 0,02 0,015 0,02

3 e.g. 120 

mrad with 

1000 kN 

vertikal 

possible

1 mrad

20. What is the average maximum translational movement in mm these bearings can withstand?

21. What is the average maximum rotation in radians these bearings can permit?

19. What is the average maximum vertical load in KN these bearings can withstand?
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