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Preface 
 

This document is a standard developed by the AASHTO/ NSBA Steel Bridge Collaboration.  
The primary goal of the Collaboration is to achieve steel bridges of the highest quality and value 
through standardization of the design, fabrication, and erection processes.  Each standard 
represents the consensus of a diverse group of professionals.  

As consensus documents, the Collaboration standards represent the best available current 
approach to the processes they cover. It is intended that Owners adopt and implement 
Collaboration standards in their entirety to facilitate the achievement of standardization, but it is 
understood that local statutes or preferences may prevent full adoption of the document. In such 
cases, Owners should adopt these documents with the exceptions they feel are necessary. 

The following guidelines and details are for typical steel bridges.  The Collaboration recognizes 
that most states currently have standards for bearings, however it is the intent that states will 
adopt or modify their standards for steel bridge bearings to conform to this guideline. In many 
cases, options for economical bearings are offered to facilitate the acceptance and use of this 
document.

Disclaimer 
 
All data, specifications, suggested practices presented herein, are based on the best available
information and delineated in accordance with recognized professional engineering
principles and practices, and are published for general information only. Procedures and
products, suggested or discussed, should not be used without first securing competent advice 
respecting their suitability for any given application. 
 
Publication of the material herein is not to be construed as a warranty on the part of the
American Association of State Highway and Transportation Officials (AASHTO) or the
National Steel Bridge Alliance (NSBA) - or that of any person named herein - that these data 
and suggested practices are suitable for any general or particular use, or of freedom from
infringement on any patent or patents. Further, any use of these data or suggested practices 
can only be made with the understanding that neither AASHTO nor NSBA makes any
warranty of any kind respecting such use and the user assumes all liability arising therefrom.
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Introduction 
The purpose of this guide is to present steel bridge bearing details that are cost effective, functional, and 
durable.  Three major types of bridge bearings are presented. 

1. Elastomeric bearings 
The details are for steel reinforced elastomeric pads; however, much of the content is directly 
applicable to fiberglass reinforced, plain, and cotton duck pads as well. 

2. High Load Multi-Rotational bearings (HLMR) 
The details include pot, disc, and spherical bearings 

3. Steel bearings 
The details are primarily used for fixed bearing lines. 

These bearing categories are sufficient to cover the vast majority of structures in the national bridge 
inventory.  Special bridges may require different bearings.   

This guide is not intended as a stand-alone document and does not supersede the AASHTO specifications.   

This guide does not include seismic isolation bearings.  This is due to the complexity of the various 
approaches to individual isolation bearing designs. 

This document contains many guidelines that are based on provisions of the AASHTO design and 
construction specifications.  Designers should note that changes made to the AASHTO specifications 
after the publication of this document may be in conflict with the guidelines contained herein.  In this 
case, the provisions in the AASHTO specifications shall take precedence over the guidelines in this 
document. 
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Section 1 
Elastomeric Bearings 

1.1 General Commentary 
This section is intended to assist in the design and
detailing of elastomeric bridge bearings. The
information included is intended to permit efficient
fabrication, installation, and maintenance of these
bearings. 

Elastomeric bearings have a low initial cost
when compared to other bearing types, and
require virtually no long-term maintenance. 

This guideline document contains design
guidance for areas that are not specifically
addressed in the AASHTO specifications. 

 

1.2 Reference Documents  
• AASHTO LRFD Bridge Design Specifications 
• AASHTO Standard Specifications for Highway

Bridges 
• Steel Bridge Bearing Selection and Design

Guide, Volume II, Chapter 4, Highway
Structures Design Handbook 

 

 

1.3 Basic Assumptions Commentary 
This document makes the following design and
detailing assumptions for elastomeric bearings: 

1. The bearings are normally vulcanized to a top
plate or sole plate. 

2. The bearings are attached to the girder; by field
welding or bolting. 

3. Masonry plates and anchor rods are not
normally required. 

4. The bearing bears directly on the concrete
substructure. 

5. Lateral forces on expansion bearings are
restrained by means of friction, keeper angles,
or concrete keeper blocks (keys).  Lateral forces
on fixed bearings are restrained by anchor rods. 

 

Some states prefer to attach the bearings to the
beam by welding and others prefer bolting.
Both methods are acceptable (refer to individual
state requirements). Welded attachment allows
for minor adjustment during installation and is
often the most economical design. Bolting
provides limited damage to coating systems and
allows for easier removal in the future. 

Several states design expansion bearings without
a connection to the girder. The bearing is held in
place by friction alone. There have been isolated
problems with elastomeric bearings slipping
and/or walking out from under beams. Research
has shown that paraffin used in natural rubber
bearings to prevent ozone degradation can bleed
out, causing a large drop in friction values.
Several states incorporate recesses and keeper
assemblies to prevent the bearing from slipping;
however, these methods are typically not cost
effective. This problem can also be solved by
specifying neoprene for the elastomer, since
paraffin is not required in neoprene bearings.
(See Research Report 1304-3, “An Experimental
Study of Elastomeric Bridge Bearings with
Design Recommendations” J.V.Muscarella and
J.A. Yura 1995. 

Several states design short simple span bridges
using expansion bearings only. This method
reduces the movement at each bearing by half. 

1 
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1.4 Design and Detailing Recommendations 
1.4.1 Design Commentary 
The design of elastomeric bearings is the
responsibility of the design engineer.  The design
should follow the provisions of the AASHTO
specifications. 

States currently use both Method A and Method
B as outlined in the AASHTO specifications.
For specific information regarding the
requirements of the individual state DOTs, refer
to each state’s design procedures. 

It is recommended that AASHTO Method A be
used for design since it is less complicated and
has fewer testing requirements. Bearings
designed using Method A have an excellent
performance history. 

 

1.4.1.1 Bearing Shapes Commentary 
Elastomeric bearings can either be round or
rectangular. 

The AASHTO Design Specifications allow the
use of both round and rectangular bearings. 

Round bearings are best used for standardization
of bearings by an agency since only one
dimension can vary in plan. Round bearings are
recommended for curved and larger skewed
bridges since they can accommodate movement
and rotations in multiple directions. They also
usually require a narrower bridge seat on skewed
bridges. 

Rectangular bearings are best suited for low
skew bridges and on beams with large rotations
and/or movements. Rectangular bearings also
usually require a narrower bridge seat on low
skew bridges. 

 

1.4.1.2 Design Rotation and Movements Commentary 
Elastomeric bearing assemblies should be designed
for unfactored dead load and live load rotations,
rotations due to profile grade, and an additional 
rotation of 0.005 radians for the combination of
uncertainties and construction tolerances specified in
the AASHTO Specifications. 

 
 
 
 
 
 
 
 
Sole plates should be beveled to account for a
significant portion of the rotations due to profile
grade.  If beveled sole plates are used, the design
rotation for the elastomer due to profile grade should
be neglected in the final loaded condition. 

Bearing assemblies consist of the elastomeric
bearing element, connection plates (if required),
and a beveled or flat sole plate (if required).  See
Section 1.6 for details of typical bearing
assemblies. Refer to Appendix A for information
on calculating rotations. The experience of all
the states contributing to this document is that
the 0.005 radian value produces bearings that are
easily installed and perform very well. For
bearings requiring sole plates with minor bevels
(<0.01 radians), the designer may alternatively
choose to increase the thickness of the elastomer
to accommodate the rotation and use a flat sole
plate. 

Refer to Appendix A for information on the
effect of beveled sole plates on bearing design
rotations. 
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If the beam is cambered for dead loads, the dead
load design rotation of the elastomer should be
neglected. 

The bearings should be designed for all longitudinal
and lateral movements. 

 
 
 
 
The designer should specify on the plans a range of
temperatures for setting the bearings based on the
design of the bearings.  Provisions should also be
included for jacking the structure in order to reset
the bearings if this range cannot be met during
construction. 

Refer to Appendix A for information on the
effect of beam cambering on bearing design
rotations. 

Longitudinal translation due to dead load girder
rotation may need to be accounted for on beams
with large rotations or for deep girders.  This
translation should be added to the design
longitudinal movement. Refer to Appendix B for
guidance on horizontal movements. 

States have differing requirements for setting
temperatures. A recommended temperature
range is the average ambient temperature range
for the bridge location plus or minus 10° F (5°
C).  Larger values can be specified provided that
the bearing is designed for the additional
movement. 

 

1.4.2 Sole Plate Connections Commentary 
The connection of the sole plate to I-girders may be 
welded or bolted. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Connection to box girders should be bolted. 

The suggested welded connection shown on the
Detail Sheets may be made in either the
fabrication shop or the field.  Care should be
taken during field welding operations, as
uncontrolled welding heat can damage the
elastomer.  (See Section 1.4.4)   

Welding allows for greater adjustment during
installation and is more economical. The damage
due to removal of the weld for future removal
and maintenance can be reasonably repaired.
The AWS/AASHTO D1.5 Bridge Welding Code
has information on weld removal and repair. 

Bolted connections with oversized holes allow
for minor field adjustments of the bearing during
installation. Bolting also requires less touch up
painting on painted structures and simplified
future removal. 

Box girder bearings should be attached by
bolting since a welded sole plate requires an
overhead weld with limited clearance. 

 

1.4.3 Sole Plate Details Commentary 

The sole plate should extend transversely beyond the 
edge of the bottom flange of the girder a minimum
of 1" (25 mm) on each side. 

 
 
 
The minimum thickness of the sole plate should be
1½" (37mm) after beveling if the field weld is
directly over the elastomer. Beveled plates as thin as

This recommendation is intended to allow
sufficient room for welding.  Fabricators will not
overturn a girder in the shop to make a small
weld; therefore, it is assumed that the girder will
be upright when this weld is made in the shop or
in the field. (See Detail Sheets) 

1½" exceeds the ¾" minimum thickness
specified by AASHTO to minimize plate
distortion due to welding. 
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¾" (20mm) may be used if there is a lateral
separation between the weld and the elastomer that
would provide a 1½" separation between the weld
and the elastomer.  
 

1.4.4 Bearing to Girder Connection Commentary 
The bearing may be connected to the girder by field
welding, or field bolting. 
 
 
 
If welding is used, the welds should be in the
horizontal position. 
The temperature of the steel adjacent to the
elastomer should be kept below 250°F (120°C). 
 
 
 
 
 
The bearing should be detailed with at least 1½" (37
mm) of steel between the elastomer and any field
welds. 
The welds for the sole plate connection should only
be along the longitudinal girder axis.  Transverse 
joints should be sealed with an acceptable caulking
material. 

Welding and bolting are both acceptable;
however, welding is the more economical
option. If bolting is selected, oversized holes are
recommended to facilitate field fit-up. Refer to
each state’s standard details. 
Overhead welds should be avoided due to
limited clearance. 
AASHTO specifications allow 400°F (200°C).
However, this temperature is above the
temperature that is commonly used for
vulcanizing, and may cause separation of the
elastomer from the sole plate.  Temperature
crayons or other heat-indicating devices should
be specified for welding inspection. 
The 1½" (37 mm) requirement refers to the
distance between the weld and the elastomer, not
the thickness of the plate. 
The longitudinal welds are made in the
horizontal position, which is the position most
likely to result in a quality fillet weld.
Transverse welds require overhead welds and
are very difficult to complete due to limited
clearance. The caulking of the underside
transverse joint is intended to prevent corrosion
between the sole plate and the bottom flange.
Most states use a silicone-based caulk; however,
other materials may be used. 

1.4.5 Masonry Plate and Anchor Rods 
1.4.5.1 Expansion Bearings Commentary 
Masonry plates are not normally required for
expansion bearings. The bearing should bear directly
on the concrete substructure. 
 
 
 
 
 
 
 
Anchor rods are not required for expansion bearings.
Lateral forces are restrained by means of friction,
concrete keeper blocks, or keeper angles. In certain
cases, such as high movement expansion bearings,
anchor rods may be required.  See Detail Sheets. 

The bearing should be checked for sliding
resistance. To prevent sliding, the maximum
shear force in the bearing should be less than 20
percent of the dead load or any other loading
that produces a smaller reaction.  This criterion
will be difficult to meet for bearings with high
movement and low vertical load. An elastomeric
bearing combined with a PTFE/stainless steel
sliding surface should be considered for this
case. (See Section 1.4.6.) 
Eliminating masonry plates and anchor rods for
expansion bearings greatly reduces the costs of
the bearings. Concrete keeper blocks and keeper
angles are less costly and easier to construct. 

4 
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For bridges that are very wide, or with high skews,
care should be taken with the layout of keeper
blocks and keeper angles.  Skewed bridges will tend 
to expand along an axis that runs from acute corner
to acute corner.  Bridges that are wider than they are
long will expand more in the transverse direction
than in the longitudinal direction. 

Bearings may be designed as
expansion/expansion if the center of gravity of
the bridge is relatively centered between the
bearing lines. Bridges with grades greater than 3
percent or with large braking forces (e.g.,
bridges located near intersections) should not be
designed as expansion/expansion. In these cases,
a fixed bearing should be used on one end of the
bridge. 
The major component of a bridge that drives
thermal expansion is the concrete bridge deck.
This element is directly exposed to sun light and
usually achieves temperatures that higher than
the ambient temperature.  On skewed and wide
bridges, the concrete deck expands in two
dimensions and is not influenced significantly
by the alignment of the girders below.  On these
types of bridges, the location and alignment of
the keeper assemblies needs to be carefully
studied. 

 

1.4.5.2 Fixed Bearings Commentary 
Masonry plates are not required for fixed
elastomeric bearings. The bridge may be designed as
expansion/expansion.  The bearing should bear
directly on the concrete substructure. 

Economical fixed bearings can be detailed
without masonry plates, while still providing
lateral resistance.  See Detail Sheets. 

 

1.4.5.3 Anchor Rod Design Commentary 
The design of anchor rods for lateral load should
take into account the bending capacity of the rod,
edge distance to the concrete foundation, strength of
the concrete and group action of the rods. 

 
 
 
 
Material for anchor rods should be ASTM F1554, 
and should be either threaded (with nuts) or swaged
on the embedded portion of the rod.  The design
yield strength of this material may be specified as
36ksi (250MPa), 55ksi (380MPa), or 105ksi
(725MPa), depending on the design.  The yield
strength should be given in the specifications or on
the plans. 

The term “anchor bolts” should not be used
because “bolt” implies that the rod has a head.
The AASHTO specifications do not give
specific requirements for the design of
embedded anchors in shear.  The American
Concrete Institute publication “Building Code
Requirements for Structural Concrete (ACI 318-
02) is recommended. 

This material is specifically designed for anchor
rod applications.  Other materials have been
used, but do not offer the economies of ASTM
F1554.  The designer should offer options of
swaging or threading the anchor as different
suppliers supply one or both of these options. 

 

1.4.6 Elastomeric Bearings with Sliding Surfaces Commentary 
Sliding surface bearings should only be used for
situations where the combined effects of large
movement and low load do not permit the
economical used of conventional elastomeric
bearings. 

Sliding surfaces are more costly to fabricate than
conventional elastomeric bearings, and they
introduce the need for future maintenance.
Therefore, the use of this type of bearing should
be limited to special situations. 
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Anchor rods should only be used on this bearing
type when there is a concern for uplift, or where
stream or ice forces may act on the superstructure. 

Anchor rods, if used, should be investigated for the
combined effects of shear and bending.  A shear
plate may be incorporated into the design to reduce
the bending effects in the anchor rods. 

Keeper blocks or keeper angles should be used
to maintain alignment of the structure and
provide lateral support.  They have proven to be
more cost effective than anchor rod assemblies
at each bearing. 

The nature of this type of bearing requires that
the anchorage forces be passed through a plane
that is above the bridge seat.  If bending forces
in the anchor rods are large, then shear blocks
should be added.  (See Detail Sheets) 

 

1.5 Marking Commentary 
The designer should add the following notes to the
plans: 

“All bearings shall be marked prior to shipping.  The
marks shall include the bearing location on the
bridge, and a direction arrow that points up-station. 
All marks shall be permanent and be visible after the
bearing is installed.” 

Problems have occurred in the field with the
installation of bearings with beveled sole plates.
It is not always obvious which orientation a
bearing must take on a beam before the dead
load rotation has been applied.  This is
especially true for bearings with minor bevels.   

1.6 Drawing Details 
See Detail Sheets pages 7 thru 18 
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Section 2 
High Load Multi-Rotational Bearings 

2.1 General Commentary 
This section is intended to assist in the design and
detailing of high load multi-rotational (HLMR)
bridge bearing assemblies. The information included
is intended to permit efficient fabrication, 
installation, and maintenance of these bearings. 

High load multi-rotational bearings are
frequently used on modern steel bridges where
the number of girders is minimized and the span
lengths are maximized. There are three basic
HLMR bearing types currently used: elastomeric
pot bearings, polyurethane disc bearings, and
spherical bearings. See Section 2.2 for specific
information on each bearing type.  

The AASHTO design specifications give
significant detail in the design requirements of
HLMR bearings. However, there are numerous
ways of achieving the requirements set forth in
AASHTO. Each bearing manufacturer has a
unique way to fabricate bearings in an
economical fashion based on the equipment that
they possess and the personnel that they employ.
In order to allow the individual manufacturer to
achieve the greatest economy in bearing
construction, it is recommended that the
engineer specify the loads and geometric
requirements for the bearing but leave the actual
design and detailing of the bearing to the
manufacturer. A table has been provided on the
Detail Sheets depicting required information
from the designer. 

Because their design may incorporate sliding
steel plates, HLMR bearings require long-term
maintenance. At some point in the future, the
sliding surfaces will need to be inspected.  The
following guidelines include recommendations
on design and detailing practices that will reduce
initial costs and allow for future maintenance.
The intent of these recommendations is to allow
for future removal with minimal vertical jacking
of the bridge superstructure.  This allows the
removal of individual bearings without
interrupting the traffic on the bridge, and
without causing damage to bridge deck
expansion joint systems and utilities carried by
the superstructure. 

 

2.2 Reference Documents Commentary 

• AASHTO LRFD Bridge Design Specifications 
• AASHTO Standard Specifications for Highway

Bridges 
• SCEF Standard 106 

SCEF refers to the Mid-Atlantic States
Structural Committee for Economical
Fabrication 
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• Steel Bridge Bearing Selection and Design
Guide, Volume II, Chapter 4, Highway
Structures Design Handbook 

2.3 Basic Assumptions 
2.3.1 Approach Commentary 
Contract plans for bridges with HLMR bearings
should not include specific details for the bearings.
Only schematic bearing details combined with
specified loads, movements, and rotations need to be
shown. The bearing is designed by the manufacturer,
taking advantage of the cost-effective fabrication
procedures that are available in the shop. 

The detailing of HLMR bearings varies from
manufacturer to manufacturer.  This complicates
the design process, since a designer would need
to detail multiple bearings from multiple
manufacturers in order to make bidding
competitive. This is even further complicated
when multiple bearing types are feasible. 

 

2.3.2 Recommended Bearing Types Commentary 
There are three common HLMR bearing types that
function in essentially the same manner: 
• Pot Bearings 
• Disc Bearings 
• Spherical Bearings 

The AASHTO design specifications give
significant guidance for the design and
manufacture of these bearings. Therefore, all
three types of HLMR bearings should be
allowed on most projects. 

2.4 Design and Detailing Recommendations 
2.4.1 Design Commentary 
The design of HLMR bearings should be the
responsibility of the bearing manufacturer.  The
design of accessory pieces of the bearing, such as
the sole plate, masonry plate and anchor rods, is the
responsibility of the bridge designer. 

The design will be in accordance with AASHTO
based on the parameters outlined below. Sole
plate, masonry plate and anchor rod design is
best handled by the bridge designer since the
bearing manufacturer may not be aware of
important dimensional limitations. 

The bridge designer should include notes on the
plans allowing the bearing manufacturer to make
minor adjustments to the dimensions of the sole
plate, masonry plate and anchor rods.  The
bridge designer should also identify dimensions
that are not to be changed due to design or
geometric constraints. For instance, the
reinforcing steel in the concrete substructure
often limits anchor rod locations. The bearing
designer must coordinate any changes with both
the contractor and the bridge design engineer.  

 

2.4.1.1 Design Rotation and Movements Commentary 
HLMR bearings assemblies should be designed for
dead load and live load rotations, rotations due to
profile grade, and additional rotations for
uncertainties (0.005 radians) and construction
tolerances (0.005 radians for pot and spherical
bearings only) as specified in the AASHTO
Specifications. 

 

Bearing assemblies consist of the bearing
element, connection plates (if required), and a
flat or beveled sole plate (if required).  See
Section 2.6 for details of typical bearing
assemblies. Please refer to Appendix A for
information on calculating rotations. 

The design rotations for uncertainties and
construction tolerances have recently changed in
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Sole plates should be beveled to account for a
significant portion of the rotation due to profile and
grade.  If beveled sole plates are used, the design
rotation for the bearing due to profile grade should
be neglected. 

If the beam is cambered for dead loads, the dead 
load design rotation of the elastomer should be
neglected in the final loaded condition.  The bearing
designer should check the bearing for this temporary
condition to ensure that no damage occurs and that
there is no metal-to-metal contact. 

The bearings should be designed for all longitudinal
and lateral movements. 

 
 
 
 
The designer should include a temperature-setting 
table on the plans for expansion bearings.  This table
should indicate the position of the top plates of the
bearing relative to the base plates for different
installation temperatures. 

the AASHTO LRFD Bridge Design
Specifications.  The AASHTO Standard
Specifications for Highway Bridges was not
changed since it was archived.  The design
procedures for HLMR bearings are consistent in
both specifications; therefore it is recommended
that the values specified in the AASHTO LRFD
Bridge Design Specifications be used for bridges
designed under the AASHTO Standard
Specifications. 

Refer to Appendix A for information on the
effect of beveled sole plates on bearing design
rotations. 

 
 
Refer to Appendix A for information on the
effect of beam cambering on bearing design
rotations. 

 
 
 
Longitudinal translation due to dead load girder
rotation may need to be accounted for on beams
with large rotations or for deep girders. This
translation should be added to the design
longitudinal movement. Refer to Appendix-B
for guidance on horizontal movements. 

States have differing requirements for setting
temperatures.  A recommended temperature
range is the average ambient temperature range
for the bridge location plus or minus 10°F (5°C).
Larger values can be specified provided that the
bearing is designed for the additional movement.

 

2.4.2 Specifications Commentary 
The approach for HLMR bearing specifications
should be a design-build format. The specifications
should outline the parameters that will be allowed
for the design and the AASHTO specifications will
be referenced for most criteria. 

Each state should develop a specification for
bearing design and construction in a format that
is compatible with their standard specifications
for construction. 

 

2.4.3 Sole Plate Connection Commentary 
The connection of the sole plate to I-girders may be 
welded or bolted. 
 
 
 
 
 
 

Welding allows for greater adjustment during
installation and is more economical. The damage
due to removal of the weld for future removal
and maintenance can be reasonably repaired.
The AWS/AASHTO Bridge Welding code has
information on weld removal and repair. 

Bolted connections with oversized holes allow
for minor field adjustments of the bearing during
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Connection to box girders should be bolted.  If the
bolts are installed in drilled and tapped holes in the
sole plate, the bolts and the hole should be made
perpendicular to the plane of the bottom flange,
which is also the plane of the top of the sole plate.  

installation.  Bolting also requires less touch up
painting on painted structures and simplified
future removal. 

Box girder bearings should be attached with
bolts since a welded sole plate requires an
overhead weld that is often difficult to perform
due to limited access. 

 

2.4.4 Sole Plate Details Commentary 
The sole plate should extend transversely beyond the 
edge of the bottom flange of I-girders at least 1"
(25mm) on each side. 

 
 
 
 
 
Welds for sole plate connections for I-girders should
only be longitudinal to the girder axis. Transverse
joints should be sealed with an approved caulking
material. 

 
 
 
 
 
 
 
The minimum thickness of the sole plate should be
¾" (20mm). 

This is done to facilitate the field welding
process by allowing for ½" (13mm) of
adjustment in the field. (See Detail Sheets.)
Note: This is only for I-girders.  Sole plates need
not extend beyond flanges on box beams, and
they should be field bolted in order to avoid
overhead welds that are difficult to perform due
to limited clearance. 

The longitudinal welds are made in the
horizontal position, which is the position most
likely to result in a quality fillet weld.
Transverse welds require overhead welds and
are very difficult to complete due to limited
clearance. The silicone caulking of the underside
transverse joint is intended to prevent corrosion
between the sole plate and the bottom flange.
Caulking must be installed after welding.  Most
states use a silicone based caulk; however, other
materials may be used. 

This is the minimum thickness specified by
AASHTO to minimize plate distortion due to
welding. 

 

2.4.5 Future Maintenance Commentary 
HLMR bearings should be designed for future
removal with a maximum vertical jacking height of
¼" (6mm) after the load is removed. 

 
 
 
 
The minimum distance between the bottom of
masonry plate to top of sole plate should be 4"
(100mm). 

This allows for future removal of the main
bearing elements for maintenance.  By limiting
the jacking, the work can be done under live
load and without damage to bridge joints,
utilities, etc. The jacking height is measured
after all compressive deflection due to load and
rotation is removed. 

This is set in order to facilitate weld removal,
bolting and jacking operations. 

 

2.4.6 Masonry Plate and Anchor Rods Commentary 
The masonry plate should bear directly on a 1/8"
(3mm) thick preformed pad that rests directly on the
substructure. 
 

This method of using a preformed pad to take up
bearing surface irregularities is preferred to
grouting under a masonry plates supported by
leveling nuts. The grouting option results in
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The location of anchor rods should allow for future
bearing removal. 

point loads at the anchor rods due to the high
stiffness of the rods when compared to the grout
material, which can lead to masonry plate
warping. For this reason, grouting should be
limited to special cases only. No design of the
bearing pad is required since it is assumed that
the pad will yield and deform to fill the uneven
surfaces of the concrete bearing seat. The
preformed pad may be either an elastomeric or
fabric bearing with a maximum durometer of 70.
The least expensive option is a plain elastomeric
pad. 

The slope of the girder should be taken into
account. Details without anchor rod nuts are
preferred in order to facilitate installation and
future maintenance. (See Detail Sheets.) 

 

2.4.6.1 Anchor Rod Design Commentary 
The design of anchor rods for lateral load should
take into account the bending capacity of the rod,
edge distance to the concrete foundation, strength of
the concrete and group action of the rods. 

 
 
 
 
Material for anchor rods should be ASTM F1554,
and should be either threaded (with nuts) or swaged 
on the embedded portion of the rod. The design
yield strength of this material may be specified as
36ksi (250MPa), 55ksi (380MPa), or 105ksi
(725MPa) depending on the design. The yield
strength should be given in the specification, or on
the plans. 

The term “anchor bolts” should not be used
because “bolt” implies that the rod has a head.
The AASHTO specifications do not give
specific requirements for the design of
embedded anchors in shear. The American
Concrete Institute publication “Building Code
Requirements for Structural Concrete (ACI 318-
02) is recommended. 

This material is specifically designed for anchor
rod applications. Other materials have been
used, but do not offer the economies of ASTM
F1554. The designer should offer options of
swaging or threading the anchor as different
suppliers supply one or both of these options. 

 

2.4.7 Manufacture Commentary 
Manufacture of bearings should follow AASHTO
and AWS specifications. 
Thermal cutting of plates and anchor rod holes is
recommended. 
 
The allowable surface roughness of the cut edges
should be free of abrupt irregularities and have an
ANSI surface roughness not exceeding 1000µin (25
µin). 

State special provisions take precedence over
AASHTO and AWS requirements. 
Some states require these large diameter holes to
be drilled.  Modern flame cutting equipment is
able to produce a reasonably smooth edge. 
Drilling, sawing, or thermal cutting may produce
plate edges and hole perimeters; however,
thermal cutting is the most cost effective. 

 

2.5 Marking Commentary 
The designer should add the following notes to the
plans: 
 
“All bearings shall be marked prior to shipping. The

Problems have occurred in the field with the
installation of bearings with beveled sole plates.
It is not always obvious which orientation a
bearing must take on a beam before the dead
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marks shall include the bearing location on the
bridge, and a direction arrow that points up-station. 
All marks shall be permanent and be visible after the
bearing is installed.” The marks shall be on the top
plate of the bearing. 

load rotation has been applied. This is especially
true for bearings with minor bevels. 

2.6 Drawing Details 
See Detail Sheets pages 25 thru 34. 
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unfactored dead load and live load rotations and element, connection plates and a sole plate

Section 3 
Steel Bearings 

3.1 General Commentary 
This section is intended to assist in the design and 
detailing of steel bridge bearings. The information
included is intended to permit efficient fabrication,
installation, and maintenance of these types of
bearings. 

Where practical, steel bearings should only be
considered for fixed bearing types.   

Many states have experienced long-term
problems with steel expansion bearings.  The
most important issues have been high cost, the
need for expensive sliding surfaces (bronze),
corrosion and binding of parts, and poor
performance. 

Steel roller and rocker expansion bearings
should not be used below bridge deck
mechanical expansion joints. The design of these
types of bearings relies on the rotation between
steel elements.  Debris and corrosion between
steel plates due to deck joint failure will result in
poor performance of the bearing. 

 

3.2 Reference Documents  
• AASHTO LRFD Bridge Design Specifications 
• AASHTO Standard Specifications for Highway

Bridges 
• Steel Bridge Bearing Selection and Design

Guide, Volume II, Chapter 4, Highway
Structures Design Handbook 

 

 

3.3 Basic Assumptions Commentary 
This document makes the following design and
detailing assumptions for steel bearings: 

1. Steel bearings are limited to fixed bearing
designs that do not need sliding or rolling
surfaces. 

2. The bearings are attached to the girder by field 
welding or bolting. 

3. Lateral forces are restrained by means of keeper
angles, concrete keeper blocks (keys), or anchor
rods. 

If an owner desires to use steel sliding surface
expansion bearing, refer to Section-2 for design
guidelines. 

Some states prefer welding and others prefer
bolting. Welded attachment allows for minor
adjustment during installation and is often the
most economical design. Bolting provides
limited damage to coating systems and allows
for easier removal in the future. 

3.4 Design and Detailing Recommendations 
3.4.1 Design  
The design of steel bearings is the responsibility of
the design engineer.  The design should follow the
provisions of the AASHTO specifications. 

 

 

3.4.1.1 Design Rotation Commentary 
Steel bearing assemblies should be designed for Bearing assemblies consist of the bearing
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additional rotation of 0.010 radians to account for
the combination of uncertainties and con
tolerances specified in the AASHTO Specif

d in the final loaded condition. 
If the beam is cambered for dead loads, the dead
load design rotation of the bearing should be
neglected. 

led or flat).  See Section 3.6 for details o
struction
ications.

(beve
typical b
Appendix

f

 
Sole plates should be beveled to account for a 
significant portion of the rotations due to profile
grade. If beveled sole plates are used, the design
rotation for the bearing due to profile grade should
be neglecte

rotations. 
Refer to Appendix A for information on the
effect of beveled sole plates on bea

 
 
Refer to Appendix A for information on the
effect of beam cambering on bearing design
rotations. 

 

3.4.2 Sole Plate Connections Commentary 
The suggested welded connection shown on the
Detail Sheets may be either a shop or field weld.
Welding allows for greater adjustment during
installation and is more economical. The damage
due to removal of the weld for future removal
and maintenance can be reason

earing assemblies. Please refer to
 A for information on calculating

ring design
rotations. 

The connection of the sole plate to I-girders may be
welded or bolted. 
Connection to box girders should be bolted. If the
bolts are installed in drilled and tapped holes in the
sole plate, the bolts and the hole should be made
perpendicular to the plan of the bottom flange,

top of the sole plate.  which is also the plane of the T e
has information on weld removal and repair.   

olted connections with oversized holes alloB

ably repaired.
he AWS/AASHTO D1.5 Bridge Welding Cod

w
for minor field adjustments of the bearing during
installation.  Bolting also requires less touch up
painting on painted structures and simplified
future removal. 
Box girder bearings should be attached with
bolts since a 
overhead weld that is often difficult to perform
due to limited access. 
Commentar

 

3.4.3 Sole Plate Details 
 sole plate should extend transversely beyond the
e of the bottom

(25mm) on each side. 
 
 

 minim

This recommendation is intended to allow
sufficient room for welding.  Fabricators will not
overturn a girder in the shop to make a small
weld; therefore, it is assumed that the girder will
be upright when this weld is made in the shop or
in the field. 

welded sole plate requires an

y 
The
edg  flange of I-girders at least 1"

 
The um thickness of the sole plate should be This is the minimum thickness specified by

AASHTO to minimize plate distortion due to¾" (20mm). 
welding. 

ommentary
 

3.4.4 Bearing to Girder Connection C
The bearing may be connected to the girder by field
welding, or field bolting. 

W
 

 
 
If welding is used, the welds should be in the
horizontal position. 

each state’s stan
Overhead welds are difficult to perform due to
limited access. 

elding and bolting are both acceptable. If
bolting is selected, oversized holes are
recommended to facilitate field fit-up. Refer to

dard details. 
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The welds for the sole plate connection should only
be along the longitudinal girder axis. Transverse
joints should be sealed with an acceptable caulking
material. 

The longitudinal welds are made in the
horizontal position, which is the position most
likely to result in a quality fillet weld.
Transverse
are very difficult to complete due to limited
access.  The caulking of the underside transverse
joint is intended to prevent corrosion between
the sole plate and the bottom flange.  Most states

se a silicone based caulk; however, otheu r
materials may be used. 

 

3.4.5 Masonry Plate and Anchor Rods Commentary 
This methoThe mason

 welds require overhead welds and

ry plate should bear directly on a 1/8"
3mm) thick preformed pad that rests directly on the

d of using a preformed pad to take up
(
substructure. grouting under a y

leveling nuts. The grouting option results in
point loads at the anchor rods due to the high
stiffness of the rods when compared to the grout
material, which can lead to masonry plate
warping. For this reason, grouting should be
limited to special cases only.  No design of the
bearing pad is required since it is assumed that
the pad will yield and deform to fill the uneven
surfaces of the concrete bearing seat. T
preformed pad may be an elastomeric, cotton
duck, or random fiber material. 

Commentary
 

3.4.5.1 Anchor Rod Design  
The term “anchor bolts” should not be used
because “bolt” implies that the rod has a head.
The AASHTO specifications do not give
specific requirements for the design of
embedded anchors in shear. The American
Concrete Institute pub

bearing surface irregularities is preferred to
masonry plate supported b

he

The design of anchor rods for lateral load should
take into account the bending capacity of the rod, 
edge distance to the concrete foundation, strength of
the concrete and group action of the rods. 
 
 

ion of the rod.  The design 
ield strength of this material may be specified
s36ksi (250MPa), 55ksi (380MPa), or 105ksi
25MPa) depending on the design. The yield

 
 
Material for anchor rods should be ASTM F1554,
and should either be threaded (with nuts), or swaged
on the embedded port
y
a
(7
strength should be given in the specifications, or on
the plans. 

02) is recomme
This material is specifically designed for anchor
rod applications. Other materials have been
used, but do not offer the economies of ASTM
F1554. The designer should offer options of
swaging or threading the anchor as different
suppliers supply one or both of these options. 

3.5 Marking ary
 

Comment

lication “Building Code
Requirements for Structural Concrete (ACI 318-

nded. 

 
 notes to the

bearing location on the
ridge, and a direction arrow that points up-station. 
ll marks shall be permanent and shall be visible

 occurred in the field with thThe designer should add the following
plans: 
“All bearings shall be marked prior to shipping.  The
marks shall include the 
b
A
after the bearing is installed.” 

Problems have e
installation of bearings with beveled sole plates.
It is not always obvious which orientation a
bearing must take on a beam before the dead
load rotation has been applied. This is especially
true for bearings with minor bevels. 
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Appendix A 
Recommendations for Beam Rotation Calculations 

Dead Load Rotations: 
In general, bearings should not be designed for dead load rotations if proper camber is provided in the 
girders.  The bearing design is based on a girder that provides a level surface for the bearing to support.  
Some states design bridges with minor grades without beveled sole plates.  For these cases, the bearing 
must be designed for rotation due to profile as well (see following page for detailed discussion on these 
issues). 

1. Non-Composite Dead Load Rotation: 
• Rotation for non-composite dead load should be calculated with steel section properties only. 
• If deck pour sequences are incorporated into the design, these sequences and the appropriate 

stiffness changes that take place during deck casting may be accounted for in the rotation 
calculations. 

2. Composite Dead Load Calculations: 
• All composite dead loads should be distributed to each girder equally.  The rotations should be 

calculated using section properties based on long term dead loads (concrete modular ratio of 3*n). 
Live Load Rotations: 
There is great variation in the methods used for calculation of live load rotations.  The following guide 
has been developed based on methods used in several states.  Experience has shown that actual rotations 
measured in the field are significantly lower than those typically calculated. 

In an effort to provide more cost effective bridges, the AASHTO/NSBA Steel Bridge Collaboration 
recommends that a realistic approach be taken in the calculation of live load rotations.  Many of these 
recommendations are now part of the Second Edition of the AASHTO LRFD Bridge Design 
Specifications.  The AASHTO specifications require that bearings be designed for uncertainties.  
Therefore, there is no need for excessive conservatism in the design for beam rotation. 

1. Live Load Distribution: 
• The live load condition is to have all lanes loaded on the bridge.  This represents the maximum 

credible load condition that the bridge will experience.  Therefore, the live load should be applied 
to all travel lanes and distributed to each beam equally. 

Wheel Load Dist. Factor = (number of lanes * 2 wheels/lane)/number of beams 
2. Simple-Span Bridges: 

• The maximum rotation of the beam end can be calculated using normal stiffness methods.  
However, many beam design computer programs do not calculate the beam end rotation.  An 
approximate beam end rotation can be determined based on maximum mid-span deflection as 
follows (note that this is an exact solution only in the case when the beam is prismatic and the 
beam deflection is parabolic): 
i. Calculate the maximum LL Deflection = ∆ 

ii. Approximate End Rotation = 4*∆/SPAN Length 
3. Continuous-Span Bridges: 

• Composite section properties should be used for all segments of all girders.  This includes the 
negative moment regions, where the transformed concrete slab should be used in place of the 
cracked section (beam and slab reinforcement).  A crack in a slab may cause localized stress 
increases that warrant a cracked section analysis for design; however, the overall behavior of the 
beam has been demonstrated in field studies to be as if the slab is uncracked. 
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Effect of Beveled Sole Plates and Girder C g Design 
The use of beve n rotations for 
bearings on steel ngs. 

 is set; however, this rotation decreases to zero as the beam is loaded with total dead load.  
earing experiences is zero in the finished structure.  Many 

des ince 
the 
rota
no dam

Properl
load.  

e plate can also be used to account for the dead load rotation.  The sole plate 

monstrate 
the f
sole pl

The fi
camber and beve

to profile 
gra
to incr
bearing

The se h 
cambe g
plates

ofiles 
(typ
this ca
dead 
rotatio

The th
cambering and beveled sole plates.  In 
this case, the beveled sole plate 
eliminates the rotation induced by 
profile grade. 

amber on Bearin
led sole plates and cambering of beams have an impact on the desig
bridges.  The designer should account for these in the design of the beari

Girder Camber: 
Girder camber is used to provide a beam that has a web that follows the final roadway profile after the 
application of total dead load.  This means that the dead load rotation of the beam at each support is built 
into the girder via an opposite rotation.  When the beam is placed, the bottom of the beam will be out of 
parallel by a factor that is equal to the dead load rotation.  This will induce a rotation into the bearing as 
the beam
Ideally, the dead load rotation that the b

igners do not evaluate elastomeric bearings under this temporary condition when the beam is set, s
situation is temporary and the loads and rotations are much lower than the full design load and 
tion of the bearing.  HLMR bearings are normally checked for this temporary condition to ensure that 

age occurs and that there is no metal-to-metal contact. 

Beveled Sole Plates: 
y beveled sole plates provide a level surface under the sole plate after the application of full dead 

As stated above, the beam camber normally accounts for the dead load rotation.  If a beam is not 
cambered, then the sol
normally only accounts for the profile of the beam.  If the beam is cambered, then the sole plate only 
needs to account for the beam profile. 

The following tables demonstrate the 
effects of beam cambering and a 
beveled sole plate on the rotation 
analysis of elastomeric bearings on a 
simple steel bridge: 

The numbers shown are not specific to 
any bridge, however they de

ef ects of cambering and beveled 
ates. 

rst table is for a beam without 
led plates.  The 

addition of a rotation due 
de and the dead load rotation tend 

ease the design rotation of the 
. 

cond table is for a beam wit
rin  but without beveled sole 

.  Many designers use this 
scenario for beams with flat pr

ically less than 0.01 radians).  In 
se, the cambering eliminates the 
load rotation from the design 
n of the bearing. 

ird table is for a beam with both 
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Appendix B 
Recommendations for Thermal Movement Calculations 

The AASHTO specifications outline requirements for calculation of thermal movement.  The following 

The major contributor to thermal movements is the bridge deck.  This portion of the bridge structure is 
 temperature extremes and is a continuous flat plate.  A flat plate will  expand and 

The treatment of non-standard bridges requires careful design and planning.  A refined analysis may be 
order to determine the thermal movements, beam rotations 
as the structural behavior of the system.  The stiffness of 
ffect on the thermal movement at bearings.  The following are 

rmal movement behavior for non-standard bridges: 

Curved Girder Bridges: 
 girder bridges do not expand and contract along the girder lines.  
ign bearing devices to expand along a chord that runs from the 
ubstructure element) to the bearing element under consideration. 

B-1.) 

Figure B-1 
Large Skew Bridges: 

n a highly skewed bridge is along the diagonal from the acute 
 of the bridge deck.  The alignment of bearings and keeper 
.  The design of the bearings should also be based on thermal 
.) 

are general guidelines that are intended to supplement the AASHTO specifications.  The designer should 
establish an installation temperature range and design and specify the bearings accordingly. 

Standard Bridges: 
In this context a standard bridge is defined as a steel stringer bridge that has the following geometric 
conditions: 

1. Straight beams 
2. Zero to moderate skew (about 30 degrees) 
3. Span length to width ratio greater than 2 
4. Less than three travel lanes. 

exposed to the highest
contract in two directions, and will not be significantly affected by the steel framing below.  For bridges 
that meet the general criteria listed above, the calculations for thermal movement can be based on the 
assumption that the bridge expands along its major axis, which is along the span length. 

Non-Standard Bridges: 

required for non-standard bridges in 
(transverse and longitudinal), as well 
substructure elements may also have an e
general basic guidelines outlining the the

It has been well documented that curved
The most often used approach is to des
point of zero movement (usually a fixed s
(See Figure 

NOT TO SCA

EXP.

CHORD LINES

BEARING ORIENTATION ON A HO
LE

ASSUMED DIRECTION OF MOVEMENT

EXP.

EXP.

FIX.

RIZONTALLY CURVED ALIGNMENT

NOTE:
GUIDE BARS AND SLOTTED HOLES FOR
EXPANSION BEARINGS SHALL BE
ORIENTED PARALLEL TO THE
ASSUMED DIRECTION OF MOVEMENT.

The major axis of thermal movement o
corners, due to the thermal movement
assemblies should be parallel to this axis
movement along this line. (See Figure B-2
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 unusual thermal 
dge will expand equally in both directions, and bridges that are wider than they 

gs along the 
ssemblies should be limited to the interior portions of the bridge that do not 

ASSUMED DIRECTION OF MOVEMENT

EXP.FIX.

 
Figure B-2 

 
Bridges with small span-to-width ratios: 
Bridges with widths that approach and sometimes exceed their lengths are subject to
movements.  A square bri
are long will expand more in the transverse direction than in the longitudinal direction.  The design of 
bearing devices and keeper assemblies should take this movement into account. 

Wide bridges: 
Bridges that are wider than three lanes will experience transverse thermal movements that can become 
excessive.  Care should be taken along lines of bearings lines not to guide or fix all bearin
line.  Guides and keeper a
experience large transverse movements. 

NOT TO SCALE
THERMAL MOVEMENT OF LARGE SKEW BRIDGES

NOTE:

ORIENTED PARALLEL TO THE
ASSUMED DIRECTION OF MOVEMENT.

GUIDE BARS AND SLOTTED HOLES FOR
EXPANSION BEARINGS SHALL BE 



 

AASHTO Document No: SBB-1 
Printed March 2005 
ISBN: 1056051-310-1 


	Introduction
	Table of Contents
	Section 1: Elastomeric Bearings
	1.1 General
	1.2 Reference Documents
	1.3 Basic Assumptions
	1.4 Design and Detailing Recommendations
	1.4.1 Design
	1.4.1.1 Bearing Shapes
	1.4.1.2 Design Rotation and Movements

	1.4.2 Sole Plate Connections
	1.4.3 Sole Plate Details
	1.4.4 Bearing to Girder Connection
	1.4.5 Masonry Plate and Anchor Rods
	1.4.5.1 Expansion Bearings
	1.4.5.2 Fixed Bearings
	1.4.5.3 Anchor Rod Design

	1.4.6 Elastomeric Bearings with Sliding Surfaces

	1.5 Marking
	1.6 Drawing Details

	Section 2: High Load Multi-Rotational Bearings
	2.1 General
	2.2 Reference Documents
	2.3 Basic Assumptions
	2.3.1 Approach
	2.3.2 Recommended Bearing Types

	2.4 Design and Detailing Recommendations
	2.4.1 Design
	2.4.1.1 Design Rotation and Movements

	2.4.2 Specifications
	2.4.3 Sole Plate Connection
	2.4.4 Sole Plate Details
	2.4.5 Future Maintenance
	2.4.6 Masonry Plate and Anchor Rods
	2.4.6.1 Anchor Rod Design

	2.4.7 Manufacture

	2.5 Marking
	2.6 Drawing Details

	Section 3: Steel Bearings
	3.1 General
	3.2 Reference Documents
	3.3 Basic Assumptions
	3.4 Design and Detailing Recommendations
	3.4.1 Design
	3.4.1.1 Design Rotation

	3.4.2 Sole Plate Connections
	3.4.3 Sole Plate Details
	3.4.4 Bearing to Girder Connection
	3.4.5 Masonry Plate and Anchor Rods
	3.4.5.1 Anchor Rod Design


	3.5 Marking

	Appendix A: Recommendations for Beam Rotation Calculations
	Appendix B: Recommendations for Thermal Movement Calculations



