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ABSTRACT 

After more than 15 years of work, the European Standard for Structural Bearings is now completed, 

all parts have been approved by formal vote and published. 

The author, that already referred about the work progress during the previous editions of the 

Congress in Toronto, Sacramento and Rome, is now able to comment the final  version of the 

Standard. 

EN 1337 covers all kind of bearings: elastomeric, pot, rocker, roller, spherical and cylindrical and in 

addition fixed and movable restraints.  

For the preparation of the Standard more than 60 experts of many European Countries gave their 

contribution actively participating to the meetings of the Technical Committee CEN TC 167 and of 
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the various Working Groups formed in order to prepare the drafts of the different parts or to 

examine specific topics.  

In this paper the author, makes a short summary of the Standard putting in evidence the most 

important and innovative aspects. 

 

Keywords: Standard, structural bearings, sliding material, pot bearing, elastomeric bearings, 

spherical bearing 

 

 INTRODUCTION 

CEN is the European Standard Committee in charge of issuing the European Standards that are 

applied in all CEN member states. 

CEN member states are today the 28 ones listed in table 1 (the 25 CE members plus Switzerland,  

Norway and Denmark).  

The list of the Member States will be automatically enlarged when new states will join the 

European Community. 

European Standards may be of two types: 

·  Harmonized European Standards are referred to particular products and their application is 

compulsory in all member states. Harmonised European Standards imply affixing on the 

bearings the CE mark. 

CE marking is much more than a simple attestation of conformity: is also a Quality 

Assurance certification much stronger than ISO 9001. 

To be authorised to affix the CE marking on the bearings a manufacturer shall be approved 

by a notified body. Notified bodies are Independent authorities like Ministries, Universities 

or Laboratories appointed by the CEN. Before giving the approval the notified body will 

verify the Factory Production Control (FPC) of the manufacturer and perform (or supervise 

the performance) of all the prototype tests foreseen by the relevant parts of EN 1337. 
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FPC, that shall be made under the supervision and regular audits from the notified body, 

includes the following operations: 

�  The specification and verification of raw materials and constituents 

�  The controls and routine tests to be performed during the manufacture according to the 

frequencies specified in the relevant parts of EN 1337 

�  The controls and tests to be performed on finished products according to the frequencies 

specified in the relevant parts of EN 1337 

Under the supervision by the selected notified body the manufacturer shall exercise a 

permanent Factory Production Control (e. g. a quality management system based on the 

relevant parts of the ISO 9000 series or otherwise). 

The manufacturer is responsible for organising the effective implementation of the Factory 

production Control. 

CE mark represents a certification that the products have been manufactured and tested in 

accordance with the relevant parts of EN 1337. According to the CEN rules the final user of 

the bearings cannot require supplementary tests or controls to verify the conformity to the 

standards. EC marking is like a passport allowing the circulation of the products in Europe 

However the final user may require to the bearings supplementary requirements that may be 

subjected to further tests or verifications. 

·  Non harmonized European Standards are normally referred to design rules or to components of 

finished products. They become compulsory only when approved by the Member States or 

when referred to from other harmonized standards. 

The European Standard for Structural Bearings is now 100% completed but the “ road map” to reach 

this result has been very long (started in 1989) and implied the work of more than 60 experts of the 

States involved. The reasons to require such a long period are mainly two: 
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·  EN 1337 has been one of the first Harmonized European Standard for construction products to 

be issued. The general rules for these kind of standards were changed more than once by CEN 

in course of the preparation and required some part already finished to be re-written. 

·  The CEN rules for the issuing of European Standard are very democratic, allowing every state 

to be involved in the process through participation to the meetings of the Technical Committee, 

trough public enquiry and formal vote. All these aspects greatly amplified the time required 

To be finally approved an European Standard shall be voted by the 28 member state reaching 70% 

of positive votes computed taking into account the voting power of each state, based on its 

population. After positive voting the European Standards are published in the European Gazette and 

are immediately applicable. Harmonized Standards become compulsory after a period of co-

existence with the existent National Standards. When the period of co-existence is expired the old 

National Standards –like DIN 4141, BS 5400 Part 9, CNR 10018- shall be withdrawn 

The EN 1337 consist of 11 Parts, each one being issued as an individual European Standard. 

Their list, with the necessary information about harmonization, publication and entering in force is 

given in Table 2.   

It may be noted as some relevant Parts of the Standard –Part 1, 2 and 9- are not harmonized. 

However most of their content is recalled from the other harmonized parts and therefore also 

becomes compulsory. 

The Standard is highly innovative, and the most important innovations will be described in the 

paper, analysing the content of the various Parts. The most important innovative aspects however 

are common to all Parts of the Standard and are here summarised: 

·  The design of the bearings is made in accordance with the Limit State concept, with particular 

reference to the Ultimate Limit State. This reflects the very important innovation included in all 

Eurocodes for construction where the semi-probabilistic approach is adopted for any case and is 

also a necessary choice in order to have coherence between all the European Standards utilized 

for the design of a structure. 
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·  The Standard defines the characteristic resistance of the bearings. The correspondent design 

values are determined applying the relevant safety coefficient that may be defined in different 

ways by the various Member States (the so called NDP Nationally Defined Parameter). Default 

values however are always recommended by the Standard 

·  The conformity evaluation of the bearings is verified through: 

�   type tests, to be performed before starting the production or any time significant 

modification to the design of the bearings are introduced,  

�  routine test, to be performed during the manufacture of the bearings. Routine tests mainly 

refer to row materials and components 

The most important and innovative  aspects for some of the Standard parts are here illustrated. 

  

PART 1 –  GENERAL DESIGN RULES 

This part has been approved by CEN and published in year 2000 

The definition of the bearings is given in Part 1 as follows: 

Bearings are elements allowing rotation between two members of a structure and transmitting the 

loads defined in the relevant requirements as well as preventing displacement (fixed bearings), 

allowing displacements in only one direction (guided bearings) or in all directions of a plane (free 

bearings) as required. 

A very important concept is introduced with this definition: bearings shall allow rotation , at least 

around an axis. A more precise definition of the various kind of bearings is given in Part 1, making 

precise reference to the degrees of freedom. All the bearings covered by the standard, with degrees 

of freedom varying between 1 and 5 are described. 

It shall be noted that the scope of Part 1 claims also that this Standard doesn’ t deal with seismic 

bearings. It shall be clarified that this doesn’ t mean that bearings cannot be used in seismic areas but 

only that special devices (like energy dissipators) influencing the seismic response of the structures 
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are out of the scope of the Standard. For this kind of devices an appropriate Standard – prEN15129 

– is under preparation. 

Some very important general principles are also given in Part 1: 

·  Bearings and supports shall be designed so that bearings or parts of bearings can be inspected, 

maintained and replaced if necessary, in order to enable them to fulfil their function throughout 

the intended life of the structure. This is a very important and innovative principle, introducing 

the concept that bearings are like machinery that shall be regularly inspected and shall be subject 

to maintenance with possible replacement of some parts or of the complete bearing during the 

life of the structure. This principle also contains a very important requirement for the design of 

the structure: access to the bearings and lifting of the structure for their maintenance shall be 

foreseen. 

·  Bearings shall be designed to permit the specific movements with the minimum possible reacting 

force 

·  Presetting shall be avoided as far as possible. This principle reflects negative past experience 

caused by wrong presetting or installation that cancelled the very small economical saving that 

could be achieved by reducing the movement capacity of the bearings. 

Within the design principles the following important aspects are treated: 

Safety against sliding in joints. The principles for designing the capacity of the bearing to transfer 

shear force to the structure are given. A very important requirement given in this clause is that for 

dynamically stressed structures like railway bridges or structures subject to the earthquake the 

horizontal forces cannot be transferred by friction. As a consequence of this requirement non 

anchored elastomeric bearings cannot be used in the above mentioned cases. 

Bearing resistance. For the first time are given in a standard the rules to take into account the 

friction of a set of bearings, enabling for instance the designer to compute the resultant horizontal 

force acting on the fixed bearing of a continuous bridge. The given rules are based on a probabilistic 

approach. 
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Part 1 also defines the requirements of the bearings marking. 

There are 3 different levels of bearing marking: 

1. CE Marking. The information to be showed in permanent way on the bearings are shown in 

Figure 1 

2. CE Marking. The information that may be given in the accompanying documents is 

described in the Annex Z of all the harmonized standards (Part 3 to 8). An example as 

required for the pot bearings is given in Figure 2. As it may be seen the information on 

bearing characteristics doesn’ t include the design load because the standard only defines the 

characteristic values and design performances can be only defined applying the Nationally  

Defined Parameters. Therefore design performances are matter of the voluntary marking 

only. 

3. Voluntary marking. The requirements of the voluntary marking are listed in Part 1 and are 

shown in table 3 

 

PART 2 – SLIDING ELEMENTS 

This Part is the most important after Part 1 because defines the requirements of the sliding surfaces 

that, not being a structural bearing by themselves, are combined with other bearings like 

elastomeric, pot, rocker etc. in order to obtain the correspondent sliding bearings. Therefore Part 2 

in not an harmonized standard but all its relevant clauses are compulsory because recalled by the 

other harmonized parts. 

Part 2 reflects the state of the art of the sliding elements after more than 30 years of experience. It 

shall be noted that, for horizontal sliding surfaces, it means for all the surfaces bearing the vertical 

load of the structure, only dimpled, lubricated PTFE is allowed, with mating surface of polished 

stainless steel. The PTFE sheets are recessed in a steel backing plate for approximately one half of 

their thickness. The Standard specifies the pattern of the dimples and the thickness of the PTFE and 

the depth of the recess as shown in Fig. 3. The reason for this is to minimise the friction coefficient 
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to be applied to the generally prevailing vertical load, adopting well experimented materials that can 

grant a friction coefficient less than 0,03 in the most adverse conditions and at the minimum 

temperature. However the specified material and geometry correspond to what a large majority of 

the bearings manufacturers world-wide already utilise. 

For the curved surfaces utilised for spherical and cylindrical bearings, where the friction coefficient 

is less important, aluminium or chromium plated mating surfaces are allowed. For the guides of 

sliding guided bearings or movable restrains also the use of un-dimpled PTFE or composite 

materials based on PTFE are allowed. These materials allow a considerably higher pressure but 

have also a much higher friction. 

Two very innovative aspects of Part 2 can be put in evidence. 

The first is the requirement for the design verification of the backing plates. In fact PTFE can grant 

its performance and low values of the friction coefficient only if the backing plates are sufficiently 

rigid and can grant a plane support and mating surface. The verification consists in determining the 

total deformation of the backing plates verifying that an allowable value is not exceeded. The 

proposed formulas for determining the deformation take into account the elastic effects but also the 

long terms effects depending on the creep of the concrete (see fig. 4). 

The second innovative aspect is the verification of the design stresses on the PTFE sheets that is 

performed by stress-block method, considering a uniform stress in an area reduced in function of 

the eccentricity of the load (see Fig. 5). 

 

PART 3 – ELASTOMERIC BEARINGS 

This parts applies to elastomeric bearings and to bearing support surfaces as employed in bridge 

structures or any other bridge structure with comparable support conditions. 

Elastomeric bearings may be made utilising as elastomer natural rubber or polychloroprene; they 

can be reinforced with steel plates or un-reinforced. 
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Elastomeric bearings are verified for maximum design strain, maximum shear strain, maximum 

tensile stress in the reinforcing steel plates and stability criteria. 

The design formula given in part 3 are equivalent to the formula already applied in almost all 

standards for elastomeric bearings like DIN 4141, BS 5400 Part 9 and CNR 1008 which are derived 

by the old ÖRE Standard based on the Topaloff theory. 

However the design is now referred to the Ultimate Limit State, so that the usual limits at 

Serviceability Limit State for the maximum design strain (5,0) and the maximum shear strain (0,7) 

have been amplified of a factor 1,4 to the values respectively 7,0 and 1,0. The factor 1,4 is the 

approximate average value of the safety factor on actions. 

It shall be noted that there is no limitation for the pressure on the bearings. 

If combined with sliding elements as described in Part 2 the bearing are suitable to allow permanent 

displacements exceeding the allowed shear strain and limited only by the dimensions of the sliding 

plate. In alternative to what described in Part 2 the PTFE surface may be vulcanised to the 

elastomer but in this case the sliding elements shall be considered only for the irreversible 

movements like creep, shrinkage, elastic deformation due to post tensioning and movements 

occurring during the construction phase. 

 

PART 4 – ROLLER BEARINGS; PART 6 - ROCKER BEARINGS 

These types of bearings are used only very seldom in new constructions due to the rotation capacity 

around one axis only and to the fact that roller bearings can provide the movement only in the 

direction perpendicular to the rotation axis. However they still exist in a large number of old bridges 

and therefore their standardisation is necessary in order to give rules to the designers for the few 

new applications or the repair works in the old structures. 
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PART 5 – POT BEARINGS 

This Part may be considered the most important one from the commercial point of view, since the 

pot bearings represent the largest portion of the bearings market in the world. 

Pot bearings, as every specialist of the field knows, consist of an elastomeric pad confined in a steel 

cylindrical pot by means of a close fitting piston and an internal seal. They can be combined with a 

sliding element in accordance with Part 2 to accommodate translational movements in one or any 

direction (see Fig. 6). 

The most important detail of the pot bearings is the seal, preventing the leakage of the elastomer 

through the gap between pot and piston and governing the durability under repeated rotations. For 

the seals Part 5 gives the state of the art describing in details four types: 

1. Brass seal. The brass seal consists of two or three layers (depending on the diameter of the pot) 

of brass strips that are fitted in the upper edge of the elastomeric pad. The brass strips may be 

provided with slits in order to facilitate forming. This kind of seal is the most commonly used 

and is the first to be used since the year sixties. 

2. POM seal. It consist in a sealing chain made of individual interlocking elements, which can be 

easily adapted to the circular shape of the rubber pad. The POM sealing ring is moulded as an 

integral part of the elastomeric pad during the vulcanisation process to ensure correct 

functioning. 

3. Carbon filled PTFE seal. It consists of a sealing ring made of carbon filled PTFE having a 

connecting brass angle in order to form the required circular shape. 

4. Stainless steel seal. It consist of a stainless steel strip formed into an equal or unequal angle 

section inserted between the elastomeric pad and the pot wall. 

An innovative requirement given in Part 5 is the resistance to wear of the internal seal. This is 

determined through a long-term rotation test. To  perform this test a bearing is subjected to a cyclic 

rotation until the internal seal is broken. The accumulated sliding path of the seal against the wall of 

the pot is measured. The accumulated sliding path obtained by testing shall be compared with that 
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calculated by the bridge designer due to variable loads. Since the test is performed in much more 

severe conditions (due to the high velocity of the cyclic rotations and to the fact that the rotations 

under test have constant amplitude) the accumulated sliding path obtained by testing is multiplied 

by a factor equal to 5 when compared with the calculated one.  

The seals described as state of the art don’ t need to be tested (because they have already been tested 

and experienced since long time) and their standard accumulated slide paths are so defined: 

·  Brass seals accumulated slide path 1000m 

·  POM and carbon filled PTFE seals accumulated slide path 2000m 

·  Stainless steel seals accumulated slide path   500m 

It shall be noted that the life expectancy of the brass seal, which is the most widely utilized, is 

sufficient in most practical cases because the rotation due to variable loads is generally very limited. 

For instance if we consider a railway bridge, the rotation due to the transit of a train normally 

cannot exceed 0,001 rad due to the camber limitation adopted in railway bridges construction. 

Considering a pot bearing with a diameter of the elastomer of 500 mm (corresponding to a bearing 

capacity of 9000 kN at ULS) and 200 deflections per day the accumulated slide path of 1000 m 

multiplied by a factor 5 would be reached in around 70 years that is near to the usual design life of 

the structures. 

Of course special attention shall be paid to very flexible structures (for instance steel bridges) and to 

very large bearings. 
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PART 7 – SPHERICAL AND CYLINDRICAL PTFE BEARINGS 

Cylindrical bearings consist of a backing plate with a convex cylindrical surface (rotational 

element) and a backing plate with a concave cylindrical surface between which a PTFE sheet and 

the mating material form a curved sliding surface. Cylindrical PTFE bearings are also used in 

combination with flat sliding elements and guides to form free or guided bearings. 

Spherical PTFE bearing consist of a backing plate with a convex spherical surface (rotational 

element) and a backing plate with a concave spherical surface between which a PTFE sheet and the 

mating material form a curved sliding surface. 

Fixed spherical bearings may transfer the horizontal forces through the curved surface and in that 

case consist of two plates with one interposed sliding surface (see Fig. 7 a). In alternative they may 

transfer the horizontal forces through a restraining ring and in that case they consist of three plates 

with two sliding surfaces, one curved and one flat (see Fig. 7 b). 

Spherical PTFE bearings are also used in combination with flat sliding elements to form free sliding 

bearings (Fig. 7 c) or in combination with flat sliding element and guides to form sliding guided 

bearings. The guide may be internal and in that case the horizontal forces are transferred through 

the spherical surface (see Fig. 7 d). In that case the horizontal forces are subject to limitations given 

by the stress distribution on the PTFE surface. In alternative, for greater level of horizontal forces, 

the use of two external guides is preferred (Fig. 7 e). 

 

PART 8 - GUIDE BEARINGS AND RESTRAIN BEARINGS 

This part of the Standard deals with devices suitable to bear horizontal forces only. They are utilised 

in particular when the horizontal forces are predominant like in railways bridges or in structures 

subjected to the seismic risk. 

For important structures such as railway bridges or bridges with spans over 25 meter the restrains or 

shear keys as they are commonly indicated, shall provide rotation capability around the vertical axis 

and their typical feature is shown in figure 8. 
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This Part has been recently approved by the Technical Committee and is undergoing the formal 

vote procedure at the time this paper is written but will probably be approved as European Standard 

at the time of the Congress. 

 

PART 9 - PROTECTION 

This Part defines the performance requirements of the anticorrosion protection of the bearings. It is 

very innovative because, instead of describing one or more anticorrosion protection systems, just 

defines the performance in terms of passing some particular test. So every manufacturer is free to 

select a system provided he can demonstrate to have passed the required tests. The manufacturer 

shall declare the type of corrosion protection utilised specifying at list the type of product, type of 

surface preparation, number ant thickness of the layers. 

The performance requirements are such to provide a corrosion protection suitable to resist for at 

least 10 years before the first maintenance in aggressive environmental conditions. 

 

PART 10 – INSPECTION AND MAINTENANCE 

This Part is a consequence of the principle given in Part 1 where is stated that bearings shall be 

designed so that they can be inspected, maintained and replaced if necessary. 

Part 10 therefore gives the necessary definitions and requirements. 

Two kinds of inspections are defined: 

·  Regular inspection. It shall be executed at regular intervals, normally coincident with the regular 

inspections of the structure. The following items shall be checked during the regular inspection:  

�  Sufficient capacity for residual movement 

�  Visible defects  

�  Conditions of bedding and fixing 

�  Conditions of corrosion protection, dust protection and seals 
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�  Conditions of sliding and rolling surfaces 

�  Wear of the PTFE 

�  Visible defects of the adjoining structural parts 

�  Specific checks for the different types of bearings as defined in the Standard 

·  Principal inspection. It shall be carried out at less frequent intervals than regular inspection and 

will normally replace one of these. It shall include all the points covered by the regular 

inspections but in more precise details. The first principal inspection shall be carried out within 

one year of the structure being put into service and shall include the control that any temporary 

clamping plate has been removed. 

The results of the inspection shall be recorded on a form. 

Depending on the outcome of the inspection one of the following steps may be undertaken: 

·  No action 

·  Further inspection 

·  Repair 

 

PART 11 - TRANSPORT, STORAGE AND INSTALLATION 

The best bearing in the world will not perform satisfactorily if damaged during transport and 

handling or if not correctly installed. For this reason one entire Part of the Standard is devoted to 

this important aspect. 

In part 11 are given the necessary recommendations and requirements for the correct handling and 

installation of the bearings. 

A very important and innovative requirement given in this Part is the recording of the important 

aspects and checks related to the installation. Records shall be made in a form in accordance with a 

specimen given in an Annex. The form shall be filled by the technician who installs the bearings 

and signed by the Contractor and the Client. It shall be recorded for any eventual future control or 

action. 
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CONCLUSION 

The new European Standard on Structural Bearings represents  the most updated document on this 

subject and is the fruit of the knowledge of all major European experts of the field. 

It will undoubtedly became the point of reference for structural bearing manufacturers, structural 

designers and end users not only in Europe but throughout the world. 

Indeed two very important projects outside Europe already adopted the European Standard for 

Structural Bearings: 

1. The Taiwan High Rail Project, recently completed. For this project, comprising 240 km of 

bridges, around 32000 pot bearings and 6000 restrains were installed. All these bearings and 

restrains were designed, manufactured and tested in accordance with the EN 1337. 

2. The Chinese High Speed Railway. Recently the Chinese Railway authorities adopted for 

that huge project the European Standards for bearings 

The author believes that any important project in the world in the future shall make reference to the 

European Standard for Structural Bearings. 
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Table 1 – CEN Member  States 

Austria Belgium Cyprus Czech Republic 
Denmark Estonia Finland France 
Germany Greece Hungary Iceland 
Ireland Italy Latvia Lithuania 
Luxembourg Malta Netherlands Norway 
Poland Portugal Slovakia Slovenia 
Spain Sweden Switzerland United Kingdom 
 

Table 2- European Standard on Structural Bear ings EN 1337 

Part Title Harmonized Start of 
applicability 

Becoming 
compulsory 

EN 1337 – 1 General design Rules N 2000 - 
EN 1337 – 2 Sliding Elements N 2004 - 
EN 1337 – 3 Elastomeric Bearings Y 01/01/2006 01/01/2007 
EN 1337 – 4 Roller Bearing Y 01/02/2005 01/02/2006 
EN 1337 – 5 Pot Bearings Y 01/01/2006 01/01/2007 
EN 1337 – 6 Rocker Bearings Y 01/02/2005 01/02/2006 
EN 1337 – 7 Spherical and Cylindrical PTFE 

Bearings 
Y 01/12/2004 01/06/2005 

EN 1337 – 8 Guided Bearings and Restrain 
Bearings 

Y 2006 2008 

EN 1337 – 9 Protection N 1997 - 
EN 1337 – 10 Inspection and Maintenance N 2001 - 
EN 1337 - 11 Transport, Storage and 

Installation 
N 1997 - 

 

Table 3 – Voluntary marking in accordance with EN 1337-1 

Marking item Remarks 
Name and address of the manufacturer 
Year of manufacturing 
Identification number of bearing 

Required for all bearings, to be placed in an 
always visible position (no need to repeat if 
already shown in CE marking) 

Identification number of job 
Type of bearing 
Design vertical load 
Design horizontal load 
Design displacement 

Required for all bearings but elastomeric ones, 
to be placed in an always visible position 

Position in the structure 
Direction of installation 

May be placed in a position not visible after 
installation (normally top surface) 
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CE conformity marking 
 
 
Identification number of the certifying body 
 
 
 
Name or identifying mark of the manufacturer 

Fig. 1 – CE Marking, data to be shown on the bear ings in permanent way 

 

 
Year in which the CE marking was affixed 
 
Number of EC certificate of conformity 
 
No. of European Standard 
 
Identification of product and intended use 
 
 
 
 
 
 
 
 
 
 
 
Information on mandated characteristics 

Fig. 2 – Supplementary information that may be given in the accompanying documents 
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Fig. 3 Pattern of dimples in recessed PTFE sheets 

 

Fig. 4 Deformation of the backing plates 
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Fig. 5 Reduced contact area for  rectangular  and circular  sliding sur faces 

 

  

Fig. 6 Pot bear ing and pot bear ing combined with sliding sur face and guide 
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a) Fixed by sliding surface  b) Fixed by a restraining ring 

  

c) Free sliding in any direction d) Guided by an internal guide 

 

 

 

e) Guided by external guides 

Fig. 7 Types of spher ical PTFE spher ical bear ings 
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Fig. 8 Typical feature of fixed and movable shear keys 

 


