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The bridge substructure usually comprises:

Å abutments

Å piers

Å foundations

The piers, abutments and foundations are virtually 

always made from concrete (even in a ñsteel bridgeò 

or ñtimber bridgeò.

Particularly for foundations and other elements in 

contact with backfill or water, hardly any economical 

and durable alternatives to concrete exist. 

Exceptions are steel piles (H-profiles) and sheet piles, 

which are sometimes used in abutments or 

foundations, and reinforced earth abutment walls 

­ examples at end of chapter.

Stone masonry was used before concrete and would 

still be a viable solution in many cases, but is usually 

only used in the rehabilitation of existing structures for 

economic reasons.

Example: Steel superstructure on stone masonry piers, concrete abutments

(Ticino Bridge Atel, photo © Georg Aerni)
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Bridge ends have to ensure the structural safety and 

serviceability of the bridge, the adjoining roadway or 

railway tracks, and the transition between them.

They consist of the following components:

1. abutment walls = Widerlagerwände

2. foundation = Fundament

3. wing walls = Flügelmauern

4. end diaphragm = Endquerträger

5. transition slab = Schleppplatte

6. access chamber = Unterhaltsraum

7. bearings = Lager

8. expansion joint = Fahrbahnübergang

9. subsoil = Baugrund

10. backfill = Hinterfüllung

11. adjoining road = angrenzende Strasse

The structural components of the bridge end are 

usually made from concrete (cast in place) and 

referred to as abutment = Widerlager
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Abutments typically need to comply with all or most 

of the following functional requirements:

Å Resist vertical and horizontal support reactions 

of bridge deck and transfer them to the subgrade

Å Resist actions from adjoining road / rail track 

(earth pressure, settlements, seepage water)

Å Accommodate relative movements between 

bridge and adjoining road / rail track 

(temperature, shrinkage, creep, settlements, é)

Å Facilitate access for inspections and 

maintenance (accessibility of expansion joint, 

bearings, cables and pipes, drainage)

Å Stiffen bridge end (limit vertical offsets of deck 

end and abutment, particularly for cantilevers)

Å Facilitate passage of cables and pipes

Å Ensure safety of bridge girder from falling in 

earthquakes

Å Provide adequate scour protection (Kolkschutz)
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Note: Ballasted railway

bridges usually donôt

require transition slabs.
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Jointed bridge ends (with expansion joint and bearing)

Semi-integral bridge ends (bearing only)

Integral bridge ends (neither expansion joint nor bearing)

(exception)
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Substructure ïAbutments: Classification / Examples

Technically, abutments can be classified depending 

on their functionality of the bridge end with respect to  

support and articulation:

Å Integral abutments (without joints nor bearings)

Å Semi-integral abutments (bearings, but no joints)

Å Jointed abutments (bearings and expansion joint)

é longitudinally fixed

é horizontally movable

Apart from this distinction, classifying abutments is 

difficult since their design differs strongly, depending 

on the local / regional preferences of clients and 

designers.

On the following slides, some basic criteria are 

discussed, and examples illustrating the wide range 

of alternatives are shown, with emphasis on the  

Swiss state of practice. 

Note that mainly jointed abutments are shown for 

illustration, but integral abutments are preferred.



17.03.2025 ETH Zürich  |  Chair of Concrete Structures and Bridge Design  |  Bridge Design Lectures 18

Substructure ïAbutments: Classification / Examples

The abutments, forming the structural part of the 

bridge end, connect the bridge to the adjoining road 

or railway. Naturally, the design of the abutments is 

essential for the integration of a bridge in a site. 

The following parameters have to be selected in 

design:

Å positioning of abutments in plan

­ length of bridge and embankments, respectively

­ height of abutment (visual impact)

Å orientation of the wing walls 

­ embankment geometry

Å design of abutment itself

­ perception by users

­ decisive for integration and aesthetic quality of a 

bridge

­ even more pronounced when crossing flat areas

(next slides)

Full height /

High stem abutment:

é short bridge

é high abutment

(and approach

embankment)

é high visual impact

Stub abutment /

Short stem abutment:

é long bridge

é low abutment

(and approach

embankment)

é unobtrusive 
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Substructure ïAbutments: Classification / Examples

Full height abutment/

High stem abutment:

é short bridge

é high abutment

(and approach

embankment)

é high visual impact

The abutments, forming the structural part of the 

bridge end, connect the bridge to the adjoining road 

or railway. Naturally, the design of the abutments is 

essential for the integration of a bridge in a site. 

The following parameters have to be selected in 

design:

Å positioning of abutments in plan

­ length of bridge and embankments, respectively

­ height of abutment (visual impact)

Å orientation of the wing walls 

­ embankment geometry

Å design of abutment itself

­ perception by users

­ decisive for integration and aesthetic quality of a 

bridge

­ even more pronounced when crossing flat areas

(next slides)

Stub abutment /

Short stem abutment:

é long bridge

é low abutment

(and approach

embankment)

é unobtrusive 
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Example: Stub abutment with additional span (compared to alternative with full height abutment)
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Substructure ïAbutments: Classification / Examples

Exposed bearing seat

Without support diaphragm

Without access chamber

ü low initial cost

ü minimalist appearance

ü uplift may be critical

(limited  separation of bearings)

ü inconvenient maintenance

é bearings accessible via embankment only 

ü limited durability

é expansion joint inaccessible 

(leakages may remain undetected)

é expansion joint in cantilevers subject to vertical

offsets due to traffic load

Note: Integral abutments may have equally 

minimalist designs, without the drawbacks 

mentioned above.
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Substructure ïAbutments: Classification / Examples

Exposed bearing seat

Without support diaphragm

Without access chamber

This slide shows alternatives with different wing wall 

orientation. These are

Å basically possible in all solutions that follow 

(illustrated only here for the sake of simplicity)

Å should be separated from flexible integral 

abutments to avoid excessive restraint

Note that the length of the wing walls depends on 

the embankment geometry (here, a slope of 2:3 

parallel to the wing walls is assumed for 

simplification). Wing walls and retaining walls should 

always be designed with some extra length

(if they are too long, they will simply be buried ïbut 

too short ones require ugly, often improvised  

measures).

(often with separate 

strip footing)
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Substructure ïAbutments: Classification / Examples

Exposed bearing seat

Exposed support diaphragm

Without access chamber

ü low initial cost

ü uplift hardly critical

(large separation of bearings)

ü unsatisfactory appearance

é end diaphragm fully visible

é wide stem

ü inconvenient maintenance

é bearings accessible via embankment only 

ü limited durability

é expansion joint inaccessible 

(leakages may remain undetected)
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