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NOTATION

Mmax

= Plan area of dastomeric bearing (mm?).

= Length of pad if rotation is about its transverse axis, or width of pad if rotation is about its
longitudind axis (mm). Note that L or W were used for this variable in the 1994 AASHTO
LRFD Specifications. The nomenclature was changed in this document to improve the
cdarity of its meaning.

= Width of brass sedling ring in pot bearing (mm).

= Diameter of the projection of the loaded surface of a spherica bearing in the horizontal
plane (mm).

= Diameter of circular astomeric bearing (mm).
= Interna pot diameter in pot bearing (mm).

= Digtance between neutrd axis of girder and bearing axis (mm). Note that this definitionisan
addition to that used in the 1994 AASHTO LRFD Specifications.

= Young's modulusfor stedl (MPa).

= Effective modulus in compression of eastomeric bearing (MPa).

= Friction force (kN).

= Yidd strength of the least strong sted at the contact surface (MPa).

= Shear Modulus of the elastomer (MPa).

= Totd service laterd load on the bearing or restraint (KN).

= Factored lateral 1oad on the bearing or restraint (KN).

= Thickness of ith dastomeric layer in dastomeric bearing (mm).

= Thickness of thickest astomeric layer in dastomeric bearing (mm).

= Tota eagomer thicknessin an eastomeric bearing (mm).

= Thickness of ded laminate in sted-laminated € asomeric bearing (mm).
= Moment of inertia (mn).

= Length of arectangular dastomeric bearing (pardld to longitudina bridge axis) (mm).
= Moment (kN-m).

= Maximum service moment (KN-m).



M, = Factored bending moment (kN-m).

My = Maximum moment about transverse axis (KN-m).
N = Norma force, perpendicular to surface (kN).
= Number of elastomer layers.
Po = Service compressive load due to dead load (KN).
P = Searvice compressve load dueto live load (KN).
P = Factored compressive resistance (kN).
Pr = Service compressive load due to total load (kN).
Py = Factored compressive load (kN).
R = Radius of acurved diding surface (mm).
S = Shape factor of thickest dlastomer layer of an eastomeric bearing
= Plan Area
Areaof Perimeter Freeto Bulge
LW for rectangular bearings without holes
2N max (L+W)
- Ao for crcular bearings without holes
t; = Thicknessof elastomeric pad in pot bearing (mm).
tring = Thickness of brass sedling ring in pot bearing (mm).
tw = Pot wal thickness (mm).
toist = Piston thickness (pot bearing) (mm).
trim = Heght of piston rim in pot bearing (mm).
w = Width of arectangular dlastomeric bearing
(perpendicular to longituding bridge axis) (mm).
a = Cosfficient of thermd expanson.
b = Effective angle of gpplied load in curved diding bearings.
= tar! (Hy/Pp)
Do = Maximum sarvice horizonta displacement of the bridge deck (mm).

Ds = Maximum sarvice shear trandation (mm).



Dy

(DF)tH

DT
q
do
au
Omax
ar
Ox
0z
Qu

m

Sb
SL
SPTFE

ST

Su

= Maximum factored shear deformation of the dastomer (mm).

= Fatigue limit stress from AASHTO LRFD Specifications Table 6.6.1.2.5-3 (MPa).
= Change in temperature (degrees C).

= Service rotation due to tota |oad about the transverse or longitudind axis (RAD).
= Maximum service rotation due to dead load (RAD).

= Maximum sarvice rotetion due to live load (RAD).

= Maximum service rotation about any axis (RAD).

= Maximum service rotation due to total load (RAD).

= Service rotation due to total load about transverse axis (RAD).

= Sarvice rotation due to total load about longitudind axis (RAD).

= Factored, or design, rotation (RAD).

= Coefficient of friction.

= Service average compressive stress due to dead [oad (MPa).

= Service average compressive stress due to live load (MPa).

= Maximum permissible stress on PTFE (MPa).

= Service average compressive stress due to tota load (MPa). Note that thisvariableis
identified as s g in the 1994 AASHTO LRFD Specifications.

= Factored average compressive stress (MPa).
= Subtended angle for curved diding bearings.

= Resigtance factor for tenson (=0.9).
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STEEL BRIDGE BEARING

SELECTION GUIDE

by
Charles W. Roeder, Ph.D., P.E., and John F. Stanton, Ph.D., P.E.
University of Washington

SELECTION OF BEARINGS FOR STEEL BRIDGES

This Sdlection Guide facilitates the process of selecting codt-effective and appropriate bearing systems
for sted girder bridges. Its intended use is to provide a quick reference to assst with the planning
dages of condruction. The sdection process is divided into three seps Definition of Desgn
Requirements, Evauation of Bearing Types and Bearing Selection and Design. A more detailed andysis
of bearing design is provided in the Seel Bridge Bearing Design Guide and Commentary in Part |1 of
this document.

Step 1. Definition of Design Requirements

Define the direction and magnitude of the gpplied loads, trandations and rotations using the AASHTO
LRFD Bridge Design Specifications. It isimportant at this stage to ensure that

the bridge and bearings have been conceived as a consstent system. In generd, verticd
displacements are prevented, rotations are adlowed to occur as fregy as possible and horizonta
displacements may be either accommodated or prevented.

the loads are being distributed among the bearings in accordance with the superstructure analysis.

and that no incong stent demands are being made. For instance, only possible combinations of load
and movement should be addressed.

Step 2. Evaluation of Bearing Types

After defining the desgn requirements refer to Table I-A to identify the bearing types which stisfy the
load, trandation and rotational requirements for the project. This table is organized in ascending order



based on the initid and maintenance costs associated with each type of bearing. Read down the table
to identify a bearing type which meets the design requirements at the lowest overdl cogt. It should be
noted that the limits are not absolute, but are practica limits which gpproximate the most economica
gpplication of each bearing type. Ease of access for ingpection, maintenance and possible replacement
must be considered in this step.

Figures 1, I-2 and 3 ae to be used for preiminary sdection of the most common sted bridge
bearing types or systems for the indicated design parameters. These diagrams were compiled using
components that would result in the lowest initid cost and maintenance requirements for the application.
Figure I-1 gives the first estimate of the system for bearings with minima rotation (maximum rotetion <
0.005 radians). Figure 1-2 gives the first estimate for bearings with moderate rotation € 0.015
radians), and Figure I-3 gives afirst estimate for bearings with large rotations.

Consderation of two or more possible dternatives may result from this step if the given set of design
requirements plot near the limits of a particular region in the figures. The rdlative cod ratings in Table |-
A are gpproximate and are intended to help iminate bearing types that are likely to be much more
expensve than others.

Step 3. Bearing Selection and Design

The find gtep in the selection process congsts of completing a design of the bearing in accordance with
the AASHTO LRFD Bridge Design Specifications. The resulting design will provide the geometry and
other pertinent specifications for the bearing. 1t is likely that one or more of the preiminary sdections
will be diminated in this $ep because of an undesirable attribute. The final sdection should be the
bearing system with the lowest combination of first cost and maintenance costs as indicated in Table I-
A. If no bearing appears suitable, the sdection process must be repeated with different condraints.
The mogt likely cause of the dimination of dl possible bearing types is that a mutudly exclusve st of
design criteria was etablished. In this case the basis of the requirements should be reviewed and, if
necessary, the overal system of superstructure and bearings should be re-evauated before repesting the
bearing selection process. The Sedl Bridge Bearing Design Guide and Commentary summearizes
these design requirements and provides software to ad in the design of a sted reinforced €astomeric
bearing.
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STEEL BRIDGE BEARING
DESIGN GUIDE AND
COMMENTARY

by
Charles W. Roeder, Ph.D., P.E., and John F. Stanton, Ph.D., P.E.
University of Washington

Section 1
General Design Requirements

Bearings assure the functiondity of a bridge by dlowing trandation and rotation to occur while
supporting the vertical loads. However, the designer should first consder the use of integral abutments
as recommended in Volume |1, Chapter 5 of the Highway Structures Design Handbook.

MOVEMENTS

Condderation of movement is important for bearing desgn. Movements include both trandations and
rotations. The sources of movement include bridge skew and curvature dfects, initid camber or
curvature, construction loads, misdignment or congtruction tolerances, settlement of supports, therma
effects, and traffic loading.

Effect of Bridge Skew and Curvature

Skewed bridges move both longitudindly and transversdy. The transverse movement becomes
sgnificant on bridges with skew angles greater than 20 degrees.

Curved bridges move both radidly and tangentidly. These complex movements are predominant in
curved bridges with smdl radii and with expanson lengths thet are longer than one haf the radius of



curvature.  Further, the reative diffnesses of the substructure and superstructure affect these
movements.

Effect of Camber and Construction Procedures

Initial camber of bridge girders and out of level support sufaces induce bearing rotation. Initid camber
may cause alargeinitid rotation on the bearing, but this rotation may grow smaler as the congtruction of
the bridge progresses. Rotation due to camber and the initid construction tolerances is sometimes the
largest component of the tota bearing rotation. Both the initid rotation and its short duration should be
condgdered. If the bearing is inddled level a an intermediate stage of congtruction, deflections and
rotations due to the weight of the deck dab and construction equipment must be added to the effects of
live load and temperature. Construction loads and movements due to tolerances should be included.
The direction of loads, movements and rotations must dso be consdered, since it is ingppropriate to
amply add the absolute magnitudes of these design requirements. Rational design requires that the
engineer consgder the worst possible combination of conditions without designing for unredlistic or
impossble combinations or conditions. In many cases it may be economicd to ingdl the bearing with
aninitid offse, or to adjust the position of the bearing after condruction has started, in order to minimize
the adverse effect of these temporary initid conditions. Combinations of load and movement which are
not possible should not be considered.

Thermal Effects

Thermd trandations, O, are estimated by
Do=a L DT (Eq. 1-1)

where L is the expangon length, a is the coefficient of thermd expangon, and DI is the change in the
average bridge temperature from the ingdlaion temperature. A change in the average bridge
temperature causes a thermd trandation. A change in the temperature gradient induces bending and
deflections(d). The design temperature changes are specified by the AASHTO LRFD Specifications(10)

Maximum and minimum bridge temperatures are defined depending upon whether the location is
viewed as a cold or moderate climate. The ingtdlation temperature or an expected range of ingtdlation
temperatures for the bridge girders are estimated. The change in average bridge temperature, DT,
between the ingdlation temperature and the design extreme temperatures is used to ompute the
positive and negative movements in Eq. 1-1. It should be further noted that a given temperature change
causes therma movement in dl directions. This means tha a short, wide bridge may experience greater
transverse movement than longitudinad movemen.



Traffic Effects

Movements caused by traffic loading are not yet a formalized part of the design of bridge bearings, but
they are receiving increased recognition. Traffic causes girder rotations, and because the neutrd axis is
typicdly high in the girder these rotations lead to displacements at the bottom flange. These movements
and rotations can be estimated from a dynamic analyss of the bridge under traffic loading. There is
evidence® to suggest that these traffic-induced bearing displacements cause sgnificant wear to
polytetrafluorethylene (PTFE) diding bearings.

LOADS AND RESTRAINT

Restraint forces occur when any part of a movement is prevented. Forces due to direct loads include
the dead load of the bridge and loads due to traffic, earthquakes, water and wind. Temporary loads
due to congtruction equipment and staging also occur. It should be noted that the mgority of the direct
design loads are reactions of the bridge superstructure on the bearing, and they can be estimated from
the structural analyss. The agpplicable AASHTO load combinations must be consdered. However,
care mugt be taken in the interpretation of these combinations, snce impossible load combinations are
sometimes mistakenly applied in bearing cesign.  For example, large laterd loads due to earthquake
loading can occur only when the dead load is present, and therefore load combinations which include
extremely large laterd loads and very smdl vertical loads are ingppropriate.  Such impossible bad
combinations can lead to inappropriate bearing types, and result in a costly bearing which performs

poorly.

SERVICEABILITY, MAINTENANCE AND PROTECTION
REQUIREMENTS

Bearings are typicdly located in an area which collects large amounts of dirt and moisture and promotes
problems of corroson and deterioration. As aresult, bearings should be designed and ingtdled to have
the maximum possible protection againgt the environment and to alow easy access for inspection.

The service demands on bridge bearings are very severe and result in a service life that is typicaly
shorter than that of other bridge dements. Therefore, dlowances for bearing replacement should be
part of the desgn process. Lifting locations should be provided to facilitate remova and re-inddlation
of bearings without damaging the structure. In most cases, no additional hardware is needed for this
purpose. The primary requirements are to alow space suitable for lifting jacks during the origind design
and to employ details which permit quick remova and replacement of the bearing.



Section 2
Special Design Requirements for
Different Bearing Types

Once the design loads, trandations and rotations are determined, the bearing type must be sdlected and
designed. Some gpplications will require combinations of more than one bearing component. For
example, dastomeric bearings are often combined with PTFE diding surfaces to accommodate very
large trandations. These individua components are described in detall in this Section. It should be
noted that the design requirements for bridge bearings are frequently performed at service limit tates,
since mogt bearing fallures are serviceability failures.

An overview of the behavior, a summary of the design requirements and example designs are included
for each bearing component. It should be noted that mechanica bearings and disk bearings are not
included in this Section. Mechanica bearings are excluded because they are an older system with
relatively high first cogt and lifetime maintenance requirements. As a result, their use in sted bridges is
rare. Disc bearings are excluded because they were a patented item produced by one manufacturer.

Design examples that illustrate some of the concepts discussed are included in this section. Table 11-A
summarizes the mgjor design requirements used in these examples.

Elastomeric Steel Reinfor ced

Bearing Pads | ElastomericBearing | Pot Bearing | PTFE Sliding Surface
Live Load 110 kN 1200 KN 1110 kN 1200 KN
Dead Load 200 kN 2400 kN 2670 kN 2400 kN
Lorgtudmd +6 mm +100 mm Cannot +200 mm
Trandation Tolerate

Trandation
Rotation about Negligible 0.015 radians 0.02 radians 0.005 radians
Transverse Axis accommodated by
elastomeric bearing

Longitudina Force 330 kN

Tablell-A: Summary of Design Examples

ELASTOMERIC BEARING PADS AND STEEL REINFORCED
ELASTOMERIC BEARINGS

Elastomers are used in both dastomeric bearing pads and sted reinforced elastomeric bearings(10). The
behavior of both pads and bearingsis influenced by the shape factor, S, where

Plan Area

S= - (Eq. 2-1)
Areaof Perimeter Freeto Bulge
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Elastomeric bearing pads and sted reinforced eastomeric bearings have fundamentdly different
behaviors, and therefore they are discussed separately. It is usudly desirable to orient eastomeric pads
and bearings 0 that the long dde is padld to the axis of rotation, snce this facilitates the
accommodation of rotation.

Elastomeric bearing pads and sted reinforced elastomeric bearings have many desrable attributes.
They are usualy alow cost option, and they require minima maintenance. Further, these components
are relaively forgiving if subjected to loads, movements or rotations which are dightly larger than those
consdered in their design. This is not to encourage the engineer to underdesign eastomeric pads and
bearings, but it smply notes that extreme events which have a low probability of occurrence will have
far less serious consegquences with these el astomeric components than with other bearing systems.

Elastomer

Both naturd rubber and neoprene are used in the congtruction of bridge bearings. The differences
between the two are usudly not very significant. Neoprene has gregter resistance than netural rubber to
ozone and awide range of chemicds, and so it is more suitable for some harsh chemica environments.
However, natura rubber generdly diffensless than neoprene a low temperatures.

All dastomers are visco-eadtic, nonlinear materials and therefore their properties vary with strain leve,
rate of loading and temperature.  Bearing manufacturers evauate the materids on the basis of Shore A
Durometer hardness, but this parameter is not a good indicator of shear modulus, G. Shore A

Durometer hardnesses of 60+5 are common, and they lead to shear modulus vaues in the range of 0.55
to 1.25 MPa (80 to 180 pd). The shear stiffness of the bearing is its most important property since it
affects the forces transmitted between the superstructure and substructure.  The effect of this shear
diffnessis explained in greater detall in the discussion for sted reinforced el astomeric bearings.

Elasomers are flexible under shear and uniaxia deformation, but they are very Hiff againg volume
changes. This feature makes possible the design of a bearing that is Hiff in compresson but flexible in
shear.

Elastomers iffen a low temperatures>6). The low temperature siffening effect is very sendtive to
elastomer compound, and the increase in shear resistance can be controlled by sdlection of an eastomer
compound which is appropriate for the climatic conditions.

Elastomeric Bearing Pads

Elastomeric bearing pads include plain dastomeric pads (PEP) as shown in Figure I1-2.1a, cotton duck
reinforced pads (CDP) such as shown in Figure I1-2.1b, and layered fiberglass reinforced bearing pads
(FGP) as shown in Figure 11-2.1c. There is consderable variation between pad types. Elastomeric
bearing pads can support modest gravity loads but they can only accommodate limited rotation or
trandation. Hence, they are best suited for bridges with expansion lengths less than approximately 40 m
(130ft).

Plain dastomeric pads rely on friction at their top and bottom surfaces to restrain bulging due to the
Poisson effect.  Friction is unrelidble and locd dip results in a larger dastomer strain than that which
occurs in reinforced eastomeric pads and bearings. The increased dastomer drain limits the load
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capacity of the PEP. The dlowable stress depends upon the shape factor of the elastomeric bearing
pad, and so PEP must be rdatively thin if they are to carry the maximum alowable compressive load.
Thin eastomeric bearing pads can tolerate only smdl trandations and rotations. PEP occasondly
"wak" from under their loads. Thiswalking is partly caused by vibration and movement in the bridge,
but recent research(”) has aso attributed it to the reduced friction caused by migration of anti-ozonant
waxes to the surface in natura rubber elastomer.

a) Plain Elastomeric Pad

b) Cotton Duck Reinforced Pad c) Fiberglass Reinforced Pad

Figurell-2.1: Typical Elastomeric Bearing Pads

Cotton duck reinforced pads as shown in Figure 11-2.1b have very thin easiomer layers [less than 0.4
mm (Y in.)]. They are giff and strong in compresson so they have much larger compressive load
capacities than PEP, but they have very little rotationd or trandationa capacity. CDP are sometimes
used with a PTFE dider to accommodate horizonta trandation.

The behavior of dastomeric pads reinforced with discrete layers of fiberglass (FGP) as shown in Figure
[1-2.1c iscloser to that of stedl reinforced elastomeric bearings than to that of other e astomeric bearing
pads. Thefiberglass, however, is wesker, more flexible, and bonds less well to the astomer than does
the sted reinforcement. Sudden fallure occurs if the reinforcement ruptures. These factors limit the
compressive load capecity of the fiberglass reinforced bearing pad. FGP accommodete larger gravity
load than a PEP of identica geometry, but their load capacity may be smaler than that achieved with
CDP. FGP can accommodate modest trandations and rotations.
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Design Requirements

The capabilities of eastomeric bearing pads are limited and the design procedure issmple. The primary
design limit is the compressive sress on the bearing pad. PEP have limited compressve load capacity
because bulging is restrained only by friction at the load interface and locad dip will result in larger
elastomer gtrain. As a reault, the average tota compressive stress, st under service loading for a PEP

must be limited to

st £0.55G S£ 5.5 MPa (800 ps) (Eg.2-2)
CDP exhibit very smdl dlastomer strains under compressive load and s+ islimited to

st £ 10.5 MPa (1500 psi) (Eq. 2-3)

In a FGP, the drains of the dlastomer are consderably smaller than in a PEP with the same nomind
compressive stress and shape factor. For FGP, st mugt be limited to

st £1.00 G S£ 5.5 MPa (800 psi) (Ea.2-4)

Tranddions and rotations are aso limiting factors in the design of dastomeric pads. CDP have
negligible trandation capacity, and therefore due to shear limitations the tota eastomer thickness, hyy

must stisfy
h¢ 3 10 Dg (EQ. 2-53)
where [ is the maximum trandation under service conditions.

PEP and FGP accommodate modest trandations the magnitudes of which are controlled by the
maximum shear srain in the elastomer. Therefore, to prevent separation of the edge of the elastomeric
bearing pad from the girder, maximum service trandation, 1, in PEP and FGP is limited by ensuring

thet hy, stisfies
he? 2 Ds (Eq. 2-5b)

Rotation in eastomeric pads must also be consdered. The AASHTO LRFD Specifications contain
requirements intended to prevent net uplift. Rectangular pads must satisfy

aeBdZ
. = q g. 2-
st 3% 05G (EQ. 2-63)
h o

where B is the horizontd plan dimenson norma to the axis of rotation of the bearing and qis the

rotation angle about that axis. This condition must be satisfied separately about the longitudina and
transverse axes of the bearing. For circular bearing pads, the limit is very smilar except that

. D 6
St? 0375G S Unay (Eq. 2-6b)
rt
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where gy IS the maximum rotation about any axis caculated using the vector sum of the components
and D isthe diameter of the pad. In these calculations, Sis taken as the shape factor for PEP and FGP.
CDP have negligible rotation capacity, and therefore these equations may be used but future Interims to
the AASHTO LRFD Specifications are likely to require that S be taken as 100, since this better reflects
the high rotationd diffness of CDP.

In order to prevent buckling under compressive load, the total thickness of pad islimited by the stability
requirements of the AASHTO LRFD Specificationsto the smdler of L/3, W3, or D/4.

Design Example

Elastomeric bearing pads are primarily suitable for relatively short span stedl bridge with modest
trandations and design loads. A design example is presented to illugtrate the application of the above
design requirements.

Dead Load 200 kN (45 kips)
Live Load 110 kN (25 kips)
Longitudind Trandation 6 mm (0.25in.)
Rotation Negligible Rotation

There are no design trandations in the transverse direction. The sted girder has a bottom flange width
of 250 mm (10in.). The bearing isto extend no closer than 25 mm (1 in.) to the edge of the flange.

Examination of Figure F1 of the Steel Bridge Bearing Sdlection Guide contained in Part | of this
report illustrates that PEP or CDP are logica aternatives. CDP do not easily accommodate trandation
and rotation. The design trandations are rdatively smdl, but a minimum thickness of 63 mm (2.5 in.)
would be required for such apad. Thisthicknessis possble, but it islikely to be impractical and a CDP
is regarded as less suitable for the given application than is an PEP or a FGP.

To satisfy the shear srain limitations, the design trandation requires a minimum thickness of 12 mm (0.5
in.) for aPEP or FGP. A PEP is sdected here. The 250 mm (10 in.) flange width imposes an upper
limit of 200 mm (8 in.) on the width of the bearing, so to saisfy limit of Eq. 2-2, the length, L, of the
bearing must be at least

310 kN x 1000
5.5 MPax 200 mm

= 282 mm

A typicd dastomer with hardness in the range of 65 Shore A durometer and a shear modulus in the
range of 0.83 to 1.10 MPa (120 to 160 ps) is proposed. Trid dimensions of 200 x 300 mm are
selected, so the shape factor, S, of the unreinforced pad is

LW 200 x 300
= = = 500
2h(L + W) 2x12x(200 +300)

This shape factor isrdatively low and it severely limits the stresslevel onthe PEP. Eq. 2-2 requires

st £ 0.55GS=0.55(0.83) 5.0 = 2.28 MPa
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This gress limit resultsin an increased length requirement. That is,

310 kN x 1000
2.28 MPax 200 mm

= 680 mm

and the increased length results in an increased shape factor. After severd iterations, it is clear that a
200 x 575 x 12 mm (8 x 23 x 0.5in.) pad will produce a shape factor of 6.18 and a bearing capacity of
324 kN (73 kips). The geometry of the pad clearly satisfies the WI3 gtability limit, and this pad would
satidfy dl design requirements.

This elasomeric bearing pad is quite large and illudrates the severe limitations of PEP. A somewhat
smaller bearing pad could be achieved if a FGP were used.

Summary

Elastomeric bearing pads are restricted for practical reasons to lighter bearing loads, in the order of 700
kN (160 kips) or less. CDP may support somewhat larger loads than PEP or FGP. Trandations of
less than 25 mm (1 in.) and rotations of a degree or less are possible with FGP. Smaller trandations
and rotations are possible with PEP. No sgnificant movements are practicd with CDP. Elastomeric
bearing pads are alow cost method of supporting smal or moderate compressive loads with little or no
trandation or rotation.

Steel Reinforced Elastomeric Bearings

Sted reinforced dastomeric bearings are often categorized with elastomeric bearing pads, but the sted
reinforcement makes their behavior quite different(89). Sted reinforced elastomeric bearings have
uniformly spaced layers of sted and eastomer as shown in Figure 11-2.2. The bearing accommodates
trandation and rotation by deformation of the elastomer as illudtrated in Figures [1-2.3aand b. The
elagomer is flexible under shear stress, but stiff againgt volumetric changes. Under uniaxial compression
the flexible dastomer would shorten sgnificantly and sustain large increases in its plan dimension, but the
qiff sed layersredrain this laterd expanson. This restraint induces the bulging pattern shown in Figure
[1-2.3c, and provides a large increase in giffness under compressive load. This permits a sted
reinforced elastomeric bearing to support reatively large compressive loads while accommodating large
trandations and rotations.
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ELASTOMER COUER

ELASTOMER

LAYER STEEL

REINFORCEMENT
Figurell-2.2: Typical Steel Reinforced Elastomeric Bearing

The design of a sted reinforced elastomeric bearing requires an appropriate balance of compressive,
shear and rotationd gtiffnesses. The shape factor affects the compressive and rotationd stiffness, but it
has no impact on the trandationa gtiffness or deformation capacity.

A bearing must be designed so0 as to control the dtress in the stedl reinforcement and the dtrain in the
elastomer. Thisisdone by controlling the elastomer layer thickness and the shape factor of the bearing.
Fatigue, Sability, ddamination, yield and rupture of the sted reinforcement, stiffness of the eastomer,
and geometric congraints must al be satisfied.

. —
— =

a) Shear Deformation Shear

U i

( T S

ﬁ b) Rotational Deformation

.

c) Compression

Figurell-2.3: Strainsin a Steel Reinforced Elastomeric Bearing’
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Large rotations and trandations require taller bearings. Trandations and rotations may occur about
ether horizontd axis of a sted reinforced eastomeric bearing, and this makes them suitable for bridges
where the direction of movement is not precisely defined. Circular sted reinforced elastomeric bearings
are particularly well suited for this purpose.

Sted reinforced eastomeric bearings become large if they are designed for loads grester than about
4500 kN (1000 kips). Uniform hesting and curing during vulcanization of such a large mass of
elastomer becomes difficult, because e astomers are poor heat conductors. Manufacturing congtraints
thus impose apractica upper limit on the Size of most stedl reinforced dastomeric bearings.

Design Requirements

The design of sted reinforced elastomeric bearings requires a baance between the tiffness required to
support large compressive load and the flexibility needed to accommodate trandation and rotation. The
AASHTO LRFD Specifications provide these requirements. The baance is maintained by usng a
relatively flexible easomer with a shear modulus, G, between 0.55 MPa and 1.25 MPa (80 and 180
ps) and an appropriate shape factor.

The height of the bearing is controlled by the movement requirements. The shear Strains due to
trandation must be less than 0.5 mm/mm to prevent rollover and excess fatigue damage(®11).
Therefore, Eq. 25b aso gpplies to sted reinforced elastomeric bearings, and the tota eastomer
thickness, hyt, must be greater than two times the design trandation, D, Separation between the edge
of the bearing and the structure must be avoided during rotation, Since separation causes tendle stresses
in the dastomer and the potentid for ddlamination. Separation is prevented by the combined
compression and rotation limits thet require

.2
) max 0B 0
s+310G c—+ Eq. 2-
T S%—n éhriﬂ (Eq. 2-7)

where B is the horizontal plan dimenson normd to the axis of rotation, Gy IS the maximum service
rotation about any axis, n is the number of dastomer layers, and hyj is the thickness of an individud
elastomer layer. Increased rotation capacity at a given load level may be achieved by an increasein hy;
or areductionin S

Deamination of the eastomer from the sted reinforcement is also an important consderation. This is
controlled by limiting the maximum compressive stress due to combined loads on the elastomer to 11.0
MPa (16 ks) for bearings subject to shear deformation and 12.0 MPa (1.75 k) for bearings fixed
againg shear deformation.

Sted reinforced eastomeric bearings are dso subject to fatigue. The fatigue cracks occur a the
interface between an dastomer layer and the sted reinforcement, and are caused by the local shear
dresses which may arise from compresson, rotation or shear loading. Fatigue damage during the
lifetime of the bridge is controlled by limiting the average compressive stress on the bearing to a vaue
that depends on the other loadings that are gpplied smultaneoudy. The fatigue design limits are
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For bearings subjected to compresson aone

s; £2.00G S£ 120 MPa (L75ks) (Eq. 2-8a)
and

s £1.00G (Eg. 2-8b)

For bearings subjected to combined compression and shear deformation

s; £1.66 G S£ 11.0 MPa (160 ks) (Eq. 2-9a)
and

s _£066GS (Eq. 2-9b)
where

S+ = average compressive stress due to total service load = Z—T

S, = average compressive stress due to live load = %

Sted reinforced dastomeric bearings must dso satisfy uplift requirements.  For rectangular bearings
subjected to combined compression and rotation

25
st £ 225G %1 - 0167§e1max 0B O - (Eq. 2-108)
& n eh;o
For rectangular bearings with combined trandation, compression and rotation
a@maxoaeB 570
st £1875G Sf}l 0.2 + 7 (EQ. 2-10b)
& hio 5

Elastomeric bearings may aso buckle under compressive load and must satisfy stability limitations.
Bearings which are susceptible to Sdeswvay must satisfy

5
9 G N

Eg - (Eq. 2-11a)
cee 384(hy/L) 267 0.
ggs l+20L/W 9SS+ 2.0)(1 + L/4.0W) g;)

Bearings that are restrained againg sdesway must satisfy
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® 0
¢ G N
g -
s+ £ - Eqg. 2-11b
T e 192(h/L) 2.67 0. . )
&&S/T+20L/W  gS+2.0)(1+L/40W)gy

The buckling capacity depends upon the shear modulus, the tota eastomer thickness hy, the base

dimensons L and W, and the shape factor S For the buckling equations, L is in the direction of
buckling, and Wis normd to it.

Tendle dress develops in the sted reinforcement since it redirains the bulging of the eastomer. This
tendle stress may control the thickness of the reinforcement. Therefore, the thickness of the sted
reinforcement, hg, must meet the following requirements. For total compressive stress,

hy s SNmaST (Eq. 2-124)
Fy
and, for live load only
20h S
hg3 ——m&ZL (Eq. 2-12b)
(DF) 74

where (CF)ty is the congant amplitude fatigue threshold given in Table 6.6.1.2.5-3 of the AASHTO
LRFD Specifications.

In generd, elastomer layer thickness should be sdected to satisfy dl design requirements, but practica

limitations of the bearing manufacturer should also been considered. The thickness should normaly be a
convenient dimengon that the manufacturer will essly understand and can easly maintan during
fabrication. Larger thicknesses are appropriate for larger plan dimensons, since manufacturers have
increasing difficulty maintaining very thin layer thickness with large bearings.

If the bearing is to be used in a very cold climate the low temperature stiffness must be considered.
Certification tests by the manufacturer are required if the dastomer is susceptible to these low
temperature conditions which affect a smdl pat of the United States. The AASHTO LRFD
Specifications(19) contains a very conservative temperature zone map which shows regions reguiring low
temperature consideration. Bridge designers should use the written description®.6) of the temperature
zones to design for amore redigtic temperature region.

Design Example

A desgn example is presented to illugtrate the above design requirements. A sed reinforced
elastomeric bearing is to be desgned for the following service loads and trandations.

Dead Load 2400 kN (540 kips)
Live Load 1200 kN (270 kips)
Longitudina Trandation 100 mm (4.01in.)
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Rotation 0.015 radians

The above bearing trandation is in the longitudind direction of the bridge with the bridge fixed againgt
movement at the 5th support. The rotation is about the transverse axis. There are no design trandations
in the transverse direction, but restraint in this direction is provided only by the stiffness of the bearing.
The sted girder has a bottom flange bearing width of 750 mm (30 in.). A schemdtic of the bridge is
illugrated in Figure 11-2.4.

g
S D _I_sam_l

Movable Movable Movable Mn-mhle Fimd
Abut. Pier Pier
1 2 3 4 5

Figurell-2.4: Schematic of Example Bridge Restraint Conditions

These loads, trandations and rotations are relaively large compared to those commonly considered
acceptable for sted reinforced dastomeric bearings. However, examination of Figure I-2 of the Seel
Bridge Bearing Selection Guide contained in Part | of this report suggests that a stedl reinforced
elasomeric bearing may be the most economicd dternative. It will be shown that the bearing can
indeed be designed for these requirements.

A typicd eastomer with hardness in the range of 55 Shore A Durometer and a shear modulus in the
range of 0.7 to 0.91 MPa (100 to 130 ps) is proposed. The total compressive load is 3600 kN (810
kips), and the 11.0 MPa (1.60 kd) ddlamination stress limit of Eq. 2-9arequires atota plan area of a
least

>M= 327 300 mm?2

The bearing should be dightly narrower than the flange unless a stiff sole plate is used to insure uniform
digtribution of compressive stress and strain over the bearing area. The bearing should be as wide as
practicd to permit rotation about the transverse axis and to stabilize the girder during erection.
Therefore a bearing width of 725 mm (29 in.) is an appropriate firs estimate, and a 475 mm (19 in.)
longitudind dimenson will assure that the delamination requirement is met. The longitudind trandation is
100 mm (4 in.), and so0 atotal eastomer thickness of at least 200 mm (8 in.) is required to satisfy the
rollover and excessive fatigue damage design requirements. A layer thickness of 15 mm (0.6 in.) is
chosen in order to maintain an adequate shape factor. This leads to 14 layers with a total €lastomer
thickness of 210 mm (8.3 in.) and a preliminary shape factor of

725X 475

= = 957
2x 15X (725+ 475)

Prevention of uplift (Eq. 2-7) may dso control the overal bearing dimensons. The base dimension, B,
normd to the axis of rotation is 475 mm (19 in.), and the maximum compressve stress must satisfy
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maxO%B 0
hr. o

.. .2
SOOI 5 10 x 091 x 9 57 0FETS0
475X 725 14 08150

10.45 MPa 3 9.36 MPa ok

sT_—slong‘

G is taken as 0.91 MPa because the AASHTO LRFD Specifications require that, if the elastomer is
defined by hardness rather than shear modulus, each caculation should use the |least favorable value of
G from the range that corresponds to the selected hardness.

Fatigue limits must aso be checked. Since this bearing is subject to combined compression, shear
deformation and rotation, Egs. 2-9a, 2-9b and 2-10b will contral.

St =1045MPa<1.66 GS£ 11.0 MPa
<166x0.7x957£ 11.0 MPa

<11.1 MPa£f 11.0 MPa
1045 MPa<11.0MPa OK

and

s, = 20X100 4 apmpa < 066GS

475X 125
< 0.66x0.7x957=442MPa ok

Both are stidfied indicating that the bearing is acceptable for fatigue with combined shear and
compresson. The limit for combined shear, rotation and compression determined with Eq. 2-10b must
also be checked, and

Oﬂmax O%B 0 9

&
st £1875G $1-0.2
hr,ra ;a

0. 0150az,475o

e
10.45 MPa£1875x 0.7 X 9.57¢1 - 0.208 +=986 MPa NG
e

14 ﬂ%15ra o

This condition is not satisfied, because of the large rotation and the compressive load. However, this
equation will be satisfied if the number of layers is increased to 20, and the tota internd eastomer
thicknessisincreased to 300 mm (12 in.).

Stability limits must aso be checked. The bearing is free to sidesway in the transverse direction but is
fixed againg trandation in the longitudina direction. Thus, longitudindly Eq. 2-11b must be satified,
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O
¢ 5 -
S+ £E i
g 192(h /L) 2.67 9_
SES T+ 20L/ W S+ 20)(1+ L/40W) g
S 0
¢ N
10.45 MPag ¢ 07 L
' ¢ 192(300/475) 267 +

§(0.57 1+ 20(a75) 1 725) 957(1157)(L+ 475/ 40(725)) ;

10.45 MPa£11.17 MPa ok

and transversdly Eq. 2-11amust be satisfied,

9

c G
St
% 2e 384(h, /L) 267 0.
5

S/I+20LW  SS+20)(1+ L/4.0W) gg

e 0
g -

¢ 0.7 N
10.45 MPa£ :
045 MPa ¢ 384[300725) 2,67 +

§(9.57,/1+ 20(725)/ 475) 957(1157)(1+ 725/40(475))

10.45 MPa £10.77 MPa ok

O

Equations 2-12a and 2-12b must dso be checked for reinforcement thickness. Assuming asted with a
250 MPa (36 kg) yidd dress, the limit for total compressive stressis

3hmaS T _ 3x 15x10.45
250

= 188 mm

The fatigue limit is less critica since the reinforcement has no holes or discontinuities, and can be treated
as aplain member with afatigue limit of 165 MPa (24 k).

20hmaS 1 2x15x 3.48
(OF) i 165

hg 3 =0.63 mm

The required stedl reinforcement thickness is gpproximately 2 mm (0.08 in.). It may aso be desrableto
use a thicker (say 3 mm) plate, since this may smplify manufacture and tolerance control, dthough it
would aso dightly increase the weight.  Discusson with bearing manufacturers used by the bridge
owner would help to establish the desrability of this find adjustment. Under these conditions, the
finished bearing would be designed as shown in Figure [1-2.5.
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These design equations appear relatively cumbersome because severd features must be checked and
the behavior of sted reinforced eastomeric bearings is governed by relatively unusud principles of
mechanics. The different requirements aso interact, so desgn may involve some trid and error.
However, they can easily be programmed into a spreadshest, in which case the design becomes very
sample. An example soreadsheet isgiven in Appendix B.

F——725 mm——]
E 20 Elastomer
£ Layers
)
s /15 mm
J_ ;“-- 3mm
Gy
E 'I l‘ 8 mm

Typical

> C yguver
"
b

Figurell-2.5: Final Design of a Steel Reinforced Elastomeric Bearing

Summary

Many engineers incorrectly assume that stedl reinforced elastomeric bearings are unsuitable for sed
bridges because of the reatively large trandations and rotations of the bridge. If proper design,
materids, manufacturing and congtruction requirements are used, sted reinforced elastomeric bearings
are vary versttile. They may support loads as large as 4500 kN (1000 kips) and accommodate
trandations up to 150 mm (6 in.). Rotations of 2 or 3 degrees are achievable. Sted reinforced
elastomeric bearings have an advantage over pot and spherica (HLMR) bearings where the rotations
are large and their orientation is uncertain.  Over-rotation of HLMR bearings causes metd to meta
contact and possble permanent damage. An elastomeric bearing, by contrast, can accept a small
number of short-term over-rotations with alow probability of damage.

The economy of the elastomeric bearing depends on both the load and displacement. In the 450 to
2200 kN (100 to 500 kips) range with moderate displacement and rotation requirements, a sted
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reinforced elastomeric bearing is likely to be less expensive than other dternatives. At higher loads or
displacements, dastomeric bearings may gill be the most economica dternative. However, the most
economica dternative may be a combination of ded reinforced eastomeric bearings with other
components such as a PTFE diding surface to accommodate trandations larger than 100 mm (4in.).

POT BEARINGS

Elements and Behavior

The basic dements of a pot bearing are a shadlow cylinder, or pot, an astomeric pad, a set of seding
rings and a piston as shown in Figure 11-2.6. Masonry plates and base plates are common, because
they dlow attachment of the bearing and increase the support area on the pier or abutment. Pot
bearings are fixed againg dl trandation unless they are used with a PTFE diding surface.

The pot and piston are dmost dways made from structural carbon sted, dthough sainless sted and
auminum have occasonaly been used if corroson control is a concern. A variety of types of seding
ring have been used. Mog sedling rings are either a Sngle brass ring of circular cross-section, or a set
of two or three flat brass rings. The circular rings have traditionaly been brazed into a closed circle,
whereas the flat ones are usudly bent from a strip and the ends are not joined. Brassrings are placed in
a recess on the top of the dlastomeric pad. PTFE rings have been tried, but have been abandoned
because of their poor performance. Other proprietary sealing ring systems have been used.

Guide n. \\

= m—
— PTFE Sliding
Surface

Pad

Pot Base

Figurell-2.6: Componentsof a Typical Pot Bearing

Compression

Verticd load is carried through the piston of the bearing and is ressted by compressive dress in the
elastomeric pad. The pad is deformable but dmost incompressible and is often idedlized as behaving
hydrogaticaly. In practice the dastomer has some shear iffness and so this idedlization is not
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completdly satisfied. Experiments12) have shown that pot bearings typicaly have a large reserve of
srength againgt vertica load.

Deformation of the pot wall is a concern, since this deformation changes the clearances between the pot
and the piston and may lead to binding of the bearing or to eastomer leakage. Two effects influence the
displacements of the pot wall. First, compression in the eastomeric pad causes outward pressure on
the pot wall, and this induces tension in the baseplate and outward bending of the pot wall. Second, the
compressive stress on the bottom of the pot causes eastic deformation(13.14) of the concrete under the
bearing. This deformation leads to downward dishing of the baseplate under the compressive load, and
the baseplate deformation causes the pot wall to rotate inward. The bending stresses associated with
this rotation of the pot wall are largest at the inside corner of the pot, and must be considered in the
bearing design. Failures of pot bearings that were constructed by welding aring to aflat baseplate have
occurred because the weld, located at the critical location, was not designed to account for thisload.

Rotation

Pot bearings are often regarded as suitable for use when bridge bearing rotations are large. Rotation
may occur about any axis and is accommodated by deformation of the elastomeric pad. Large cyclic
rotations can be very damaging to pot bearings in a relatively smal number of cycles due to abrason
and wear of the sedling rings and eastomeric pad. However, pot bearings can sustain many cycles of
very smdl rotations with little or no damage.

During rotation, the elastomeric pad compresses on one sde and expands on the other, so the
elasomer is in contact with the pot wal and dips againg it. This causes dastomer abrason and
sometimes contributes to elastomer leskage. Lubrication is often used to minimize this arason, but
experiments(14.15) show that the lubricant becomes less effective over time.  Silicone grease, graphite
powder and PTFE sheets have al been used as lubricants and, of these, the silicone grease has proven
to be the mogt effective.

Inadequate clearances represent a second potential problem during rotation of pot bearings. These may
cause binding of the bearing, and may induce large moments into the support or  superstructure.

However, these problems can be controlled by proper design. Figure 11-2.7 illugrates typica
clearances required in the design of the bearing.

Cyclic rotation may aso be damaging to the seding rings of pot bearings. Hat brass rings are more
susceptible to ring fracture and elastomer leskage, while circular brass rings are usceptible to severe
wear. Contamination of the pot by dirt or debris increases the potentia for wear and damage to both
the dastomeric pad and the sedling rings. A rough surface finish on the insde of the pot and piston
produced by metdization or a rough machined surface produces results smilar to those caused by
contamination. A smooth finish results in less wear and drason. Bearings with a smooth finish, no
internal metdization, and a dust seal appear to offer substantia benefits.
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Figurell-2.7: Tolerancesand Clearancesfor a Typical Pot Bearing.

Pot bearings have traditiondly been designed so that the maximum compressive strain in the eastomer
due to rotation is 15 percent. For 0.02 radians of rotation, the ratio D/t of the dastomeric pad must
then be 15 a most. Tedts have been performed on pot bearings with D/t ratios as large as 22 and as
smal as 12. Increasing the pad thickness accommodates higher rotations but increases the required
depth, and therefore the cost of the pot.

Lateral load

Latera loads on the bearing must adso be accounted for in design. Laterd load is transferred from the
piston to the pot by contact between the rim of the piston and the wall of the pot. The contact stresses
can be high because the piston rim may be relatively thin to avoid binding when the piston rotates and
the rim dides ayaing the pot. The pot wal mus transfer the load down into the baseplate and this is
done by a combination of shear stresses in the part of the wall oriented parale to the direction of the
load and cantilever bending of the part in contact with the piston. The loads are then transferred into the
substructure through friction under the base of the bearing and shear in the anchor bolts. Lateral loads
may aso contribute to increased wear of the e astomeric pad and greater potentia for wear and fracture
of the seding rings. The damage observed in tests suggest that laterd 1oads should be carried through
an independent mechanism wherever possible.

Design Requirements

The components of a pot bearing that need to be designed are the elastomeric pad, the metal pot and
piston and the concrete or grout support. The sedling rings are perhaps the most critica element of al,
but they are not amenable to caculation because no adequate mechanical modd for their behavior has
yet been proposed. In the absence of such amodd, there islittle choice but to use atype of seding ring
that has performed adequately in the past. As aresult, closed circular brass rings and sets of two or
three flat brass rings are permitted. The sedling rings of circular cross section must have a diameter no
less than the larger of 0.0175D, and 8 mm (0.375 in.), and sedling rings with a rectangular cross-section
must have a width greater than at least 0.02D, and 6 mm (0.25 in.) and a thickness of at least 0.2 times
the width, where D, isthe internal diameter of the pot.
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Elastomeric Pad

Pot bearings are designed for a compressive stress of 25 MPa (3.5 ks) on the elastomeric pad under
total serviceload. This controls the diameter of the pot and the pad. The pad thickness is controlled by
the permissble compressve strain. The required thicknessis

t3 3.33q, D, (Eq. 2-13)

where t; isthe pad thickness, q, isthe design rotation angle of the piston, and D, isthe internd diameter
of the pot. This limits the compressive strain in the elastomeric pad due to rotation to 15 percent. The
gran may be larger under the sedling ring recess, since the effective thickness of the pad is reduced
there. Therefore, the recess for the sedling rings should be shdlow relative to the total thickness of the
elastomeric pad in order to prevent damage to the thinner elastomer layer below the rings.

The pad should be made of an dastomer with a hardness in the range of 55 to 65 Shore A Durometer,
and should provide a snug fit into the pot. The eastomer should be lubricated, preferably with slicone
grease, and the pot should be sedled againgt dust and moisture.

Pot Walls and Base

The pot wals must be strong enough to withstand the large internd hydrogtatic pressure in the
elasomeric pad. Thisisensured if

s,D
t, 3 ——
"OfF

thy

(Eq. 2-14)

where t,, isthe pot wall thickness, s, is the factored average compressive stress or hydrogtatic pressure
inthe elastomer, Dy, isthe internd diameter of the pot, and Fy isthe yield stress of the sted. The term f
is the resstance factor for tenson (0.9). Using the norma 25 MPa (3.5 ks) service stress with a load
factor of 2 and a 345 MPa (50 ks) yield stress for the stedl leadsto t, 3 0.08Dp,.

The pot wall must be deep enough to assure that the piston does not lift out of the pot under any load or
rotation. This resultsin a clearance requirement asillustrated in Figure 11-2.7, and it isbest satisfied asa
performance requirement based on the design requirements and the geometry of the bearing.

If the bearing is subjected to latera load, the analyss becomes more complicated. The wall thickness
must be aminimum of

(, 2 /M (Eq. 2-15)
Fy

where Hr is the service laterd load (kN), and qis the service rotation angle (radians) about the axis
norma to the direction of load. The wall thickness of the pot is controlled by the larger of the
thicknesses produced by Egs. 2-14 and 2-15. It should be noted that aversion of Eq. 2-14 isincluded
in the current pot bearing section of the AASHTO LRFD Specifications and it will control the wall
thickness for pot bearings with laterad loads less than gpproximately 10 percent of the maximum
compressive load. However, Eq. 2-15 is rationd(4 and will likely be induded in future Interim
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revisons to the AASHTO LRFD Specifications, since it controls the wall thickness when larger laterd
loads are present [a Customary U.S. Units version of Eq. 215 would use aconstant of 40 in place of
62].

The base must be thick enough to resst the moments from the cantilever bending of the wal and so
should have a thickness at least equa to that required by Eq. 215. In addition, the base thickness
should be no less than the larger of 0.06D, and 19 mm (0.75 in.) for a base bearing directly against
concrete or grout, and no less than 0.04D, and 12.5 mm (0.5 in.) for a pot bearing base resting on load
digtribution plates.

In order to minimize the wear on the sealing rings and dameage to the dastomeric pad, the ingde of the
pot walls should be machined to a fine surface finish [e.g., 1.5 micrometers (64 microinches) or better]
and should not be metdized. The pot wal should not be metalized because the rough surface damages
the piston, sedling rings and elastomeric pad. Corrosion protection should be provided by other means
such as lubrication and sedling.

Piston

The piston must have adequate clearance between the rim of the piston and the wal of pot asillustrated
in Fgure [1-2.7 to permit rotation of the bearing without dastomer leskage. This dso results in a
clearance requirement (illustrated in Figure 11-2.7) which is best satisfied as a performance requirement
based on the design requirements and the geometry of the bearing. However, a minimum clearance of
0.5 mmisrequired. Equation 14.7.4.7-2 of the 1994 AASHTO LRFD Specification is an approximate
equation for determining the required clearance as a function of rotation and pot diameter. This
equation is conservative for most practical cases, but it may aso be deficient under some circumstances
and is not repeated here.

The pison mud be giff enough not to deform sgnificantly under load. As a minimum the piston
thickness must satisfy

tpist 3 0.06 Dp (Eq 2- 16)

The piston rim aso must be thick enough to carry the contact stresses caused by lateral load, when the
laterd load istransferred to the pot through the piston. The rim thickness must satisfy

25H

Dp Ky

(Eq. 2-17)

. 3
tI‘Im

Eqg. 217 is presently not included in the AASHTO LRFD Specifications, but it is likey(14) to be
included in the future Interims to the specification. The diameter and shape of the rim should be selected
S0 asto prevent binding of the piston in the pot when it undergoes its maximum rotation.

Concrete Bearing Stresses and Masonry Plate Design

A masonry plate is often supplied below the bearing, athough in Europe many pot bearings have been
ingtaled without one. However, as discussed in Section 3, the use of a masonry plate may be desirable
because it amplifies bearing remova and replacement. The masonry plate must be designed by normal
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bearing strength base plate design methods. These methods are also used for a wide range of other
bridge components and as a result are not summearized here.

Design Example
Desgn amovable bearing for the following conditions:

Dead Load 2670 kN (600 Kips)
Live Load 1110 kN (250 kips)
Latera Load 330 kN (75 kips)
Rotation + 0.02 radians

The design rotation falls near the boundary that separates the use of Figures I-2 and -3 of the Steel
Bridge Bearing Sdlection Guide in Part | of this document. Those figures suggests that a pot bearing
or a spherical bearing would be viable dternatives. However, Table I-A indicates that the pot bearing
has alower initid cost. Therefore, amovable pot bearing is desgned.

Use AASHTO M270 Grade 345W (ASTM A709M Grade 345W) structural westhering stedl. A
PTFE pad is to be recessed into the top of the piston. The concrete piercap is 1050 mm (3.5 ft) wide;
fdis 28 MPa (4 ks).

The diameter of the pot and the eastomeric pad are determined by the maximum stress, 25 MPa (3.5
ks), permitted on the pad a the maximum load.

Po + P _ 3780 1000
25 25

A3

= 151 x 10° mm?

or Dy 3 439 mm (use 450 mm). The thickness of the pad is determined by the strain in the elastomeric
pad. Eq. 2-13 requires

tr* 3.33 gy Dp=3.33x 0.02 x 450
=30 mm (use 30 mm)
The sedling rings are selected to be 3 flat brass rings of width, bying, and thickness, tyig, where
bring 3 max (0.02Dp, 6 mm) = max (0.02 x 450, 6)
=9 mm (use 9 mm)
tring 2 0.2 Bring = 1.8 mm (use 2 mm)

The totd thickness of the three ringsis 6 mm (*@in.). Thisislessthan 1/3 the totd thickness of the pad,
which isthe limit commonly employed to control the concentration in dastomer dtrain a thislocation

The piston should have a minimum thickness of ;i 0.06 D, = 0.06 x 450 = 27 mm (use 27 mm).
The minimum thickness of therim, t;jy, IS
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25H1 _2
tyim 3 T :25X33000025.3mm(use6mm)
D,F,  450x 345

The PTFE must be designed and recessed as required by PTFE design criteria, and the minimum piston
thickness will need to consider the loss of thickness produced by the recess.

The pot wal thickness is controlled by the larger of Egs. 2-14 and 2-15. Verticd load done, Eq. 2-14,
requires

2X3780200(450)
suDp _ p(225)
2fi Ky 2x0.9x345

3
w

=34.4 mm

and for horizontd load

=344 mm

a 62HTq_\/62x330000x0.02
W F 345

The pot base thickness is determined as follows

thase 3 0.06 x 450 and thgge 3 tw
thase 3 27 mm < 34.4 mm (use 35 mm)

Thus, the 35 mm thickness controls both the pot base and wall thickness. Masonry plates are sdlected
by the norma concepts for sted bearing on concrete. Figure 11-2.8 illugtrates the finad design for this
example.

it PTFE disk 3 rings each
see detail i e

27 mm piston
30 mm Pad

35 mm base

450 mm diameter pot bearing 3,'5 mm
wall

Figurell-2.8: Final Pot Bearing Design
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SLIDING SURFACES

General

Lubricated bronze and PTFE (polytetrafluorethylene) diding surfaces¥ are commonly used as
components of bridge bearings. Sliding surfaces develop a frictiond force that acts on the
Superstructure, substructure and the bearing.  As a reult, friction is an important design consideration.
Thefriction force, F, can be estimated by

F=mN (Eq. 2-18)

where mis the coefficient of friction and N is the norma force on the diding surface. While both
lubricated bronze and PTFE are used for diding surfaces, there are many differences in their behavior,
and as aresult they are discussed separately.

Lubricated Bronze Sliding Surfaces

Flat lubricated bronze diding sufaces are used to accommodate very large trandations. Cylindrica

surfaces as shown in Figure 11-2.9 (or spherical surfaces) may be used to accommodate rotation about
one (or two) axes. The magnitude of the trandation and rotation are limited only by the dimensons of
the diding surface. The digplacement may be multidirectiona unless guideways or geometric condraints
(such as spherical or cylindrical geometry) are provided. The load capacity can be very large sinceit is
limited only by the surface area. The mating surface should be significantly harder than the bronze
surface and have a comparable surface finish. The mating surface is normally sructurd sted and is often
supplied by the fabricator.

Figurell-2.9: Lubricated Bronze Siding Cylindrical Surface

Lubricated bronze bearings use a regularly spaced pattern of recesses for lubricant as shown in Figure
[1-2.9. The recesses are usudly in the order of 13 mm (*=in.) deep. Individua bearing manufacturers
regard the recess pattern and the lubricant compound as proprietary, but the patterns used by most
manufacturers are Smilar. The recesses are formed by casting the bronze in a mold and then machining
to the proper geometry and surface finish. The bronze surface is cut to a fairly smooth but not highly
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polished finish. The lubricant is placed into the recesses under pressure and projects above the bronze
goproximately 1.5 mm (@ in.). The mating surface grips the lubricant in its agperities and spreads it
over the bronze surface as movement occurs. The surface lubrication disspates with time and
movement, and eventualy direct contact is developed between the bronze and the mating surface. After
this, further movement causes the harder mating surface to abrade the bronze surface.

According to the AASHTO LRFD Specifications, the coefficient of friction is typicdly in the order of
0.07 under initia lubricated conditions, and it increases to gpproximately 0.1 after the bronze darts to
erode. Coefficients of friction in the order of 0.4 must be expected for unlubricated bronze or for
lubricated bronze bearings after the lubrication has completdly disspated.

Bronze bearings are economica and do not require the high degree of quaity control required for PTFE
diding surfaces. They do not require a highly polished mating surface, nor do they require tight
geometric condraints snce the materid is thicker than typical PTFE and significant wear is expected.
However, the frictiond resistance may be consderably larger than that achievable with PTFE surfaces.

PTFE Sliding Surfaces

PTFE (polytetrafluorethylene) diding surfaces as shown in Fgure 11-210 are aso used to
accommodate large trandations and rotations when combined with spherica or cylindrica bearings.

These surfaces have smilarities with lubricated bronze diding surfaces, but they may develop
substantidly smdler friction forces. PTFE diding surfaces require gregter care in design and grester
qudity contral in condruction and ingdlation. PTFE is used with mating surfaces made of very smooth
danless ged (for dl flat diding surfaces and many curved surfaces) or anodized auminum (for some
gphericd or cylindrical surfaces). The gainless sted surface must be larger than the PTFE surface so
that the full movement can be achieved without exposing the PTFE and, whenever possible, the stainless
ged is placed on top of the PTFE to prevent contamination with dust or dirt. PTFE diding surfaces are
used in combination with awide range of other bearing systems.

The low frictiona resistance(15.17.18,19) of PTFE is its most important characteristic. The coefficient of
friction decreases with increasing contact compressive stress between the PTFE and the mating surface.
Friction is smdler for satic or dowly gpplied trandations than it is for moderate dynamic trandations,
and it islarger for the firgt cycle of movement than for later ones. At much higher diding Speeds such as
are found in seismic isolation bearings, the friction is congderably higher. The coefficient of friction of
PTFE increases at very low temperatures and if the mating surface is rough or contaminated with dust or
dirt. The friction is sgnificantly reduced if the interface is lubricated, and it is increased if the PTFE
contains filler such as fiberglass Dimpled PTFE (as shown in Figure 11-2.11) is sometimes used to
prevent the lubricant from seeping out under cydlic trandations.
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Figurell-2.10: Typical PTFE Sliding Surfaces

PTFE may creep (or cold flow) laterdly when subjected to high compressive stress, and shorten the life
of the bearing. The reduction in PTFE thickness may dso dlow hard contact between metd
components.  Thus, while the compressive stress should be high to reduce friction, it must dso be
limited to control creep. PTFE is frequently recessed for one half its thickness to control creep and
permit larger compressive dress. Filled PTFE is reinforced with fiberglass or carbon fibers, and it is

sometimes used to resist the creep or cold flow.
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Figurell-2.11: Dimpled PTFE

PTFE is sometimes woven into afabric or mat and used as a diding surface in bridge bearings as shown
in Fgure 11-212. The woven mat is often placed over a gridlike metal substrate to control creep
without increasing the friction. In some cases, the woven mat is reinforced with strands of materid that
are woven and interlocked into the strands of PTFE, but the reinforcement should not come to the
asurface. It is recommended that the bridge engineer require certification tests for al types of PTFE to
ensure that they meet the design requirements.

Figurell-2.12: Woven PTFE Siding Surface

PTFE wears under service conditions and it may require replacement after a period of time. Low
temperatures, fast diding speeds, rough mating surfaces, lack of lubrication, and contamination of the
diding interface increase the wear rate. Rdaively thin layers of from 1.5 to 3 mm (& to & in.) are
commonly used in the United States, but engineersin other countries often use thicker PTFE layers 4.5
to 6 mm (s to *@in.) to account for recess thickness and accommodate the potentia for wear.

Design Requirements

The coefficient of friction, M is the mog critical design requirement for diding surfaces. The design
coefficient of friction is taken as 0.1 for sdf-lubricating bronze components and up to 0.4 for other types
of bronze diding surfaces, unless better experimentd datais avallable. The desgn coefficients of friction
are smdler with PTFE diding surfaces, but mvaries widdly for different types of PTFE. Table I1-B
provides the design coefficient of friction vaues to be used in the absence of better experimenta data.
Dimpled lubricated, unfilled sheet, woven and filled sheet PTFE are dl recognized by the AASHTO
LRFD Specification, but dl types of PTFE must be made of virgin materid.
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Pressure
Typeof (MPa) 35 7 14 321
PTFE Temperature

©C) m m m m

Dimpled 20 0.04 0.03 0.025 0.02
Lubricated -10 0.06 0.045 0.04 0.03
-45 0.10 0.075 0.06 0.05

Unfilled 20 0.08 0.07 0.05 0.03
-10 0.20 0.18 0.13 0.10

-45 0.20 0.18 0.13 0.10

Filled 20 0.24 0.17 0.09 0.06
-10 0.44 0.32 0.25 0.20

-45 0.65 0.55 0.45 0.35
Woven 20 0.08 0.07 0.06 0.045
-10 0.20 0.18 0.13 0.10

-45 0.20 0.18 0.13 0.10

Tablel1-B: Design Coefficients of Friction for PTFE

The mating surface for a flat PTFE diding surface should be Type 304 dainless sted with a #38 mirror
finish, and anodized auminum may be used with some curved diding surfaces. A dightly rougher #3
finish may be desirable with the woven materid. The coefficient of friction data provided in Table I1-B
are design vaues that are based on laboratory experiments. They are larger than the average vaues
recorded in the experiments in order to dlow for the differences between laboratory and field
conditions. Note that Table 11-B is different than the table presently used in AASHTO LRFD
Specifications, but it is likely(14) to be included in future Interim revisions to the Specifications.

The mating surface for lubricated bronze bearings should be stedl, and it should be machined to have a
surface finish of 3 micro meters (125 micro inches) rms or better.

The contact stress between the diding and the mating surface must be checked as an average stress on
the projected contact area for both lubricated bronze and PTFE. In addition, eccentricity and edge
loading must dso be considered for PTFE, where the contact stress at the edge is computed by taking
into account the maximum moment and eccentricity using alinear didribution of stress across the PTFE.
The average contact stress must be limited to 21 MPa (3 kd) for most commonly used lubricated
bronze. The dress limits for PTFE are controlled by creep and cold flow of PTFE as illugtrated in
Table 11-C.  This table is dightly different than the table presently used in AASHTO LRFD
Specifications, but it is likely(14) to be included in future changes.
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Average Contact Stress | Edge Contact Stress
(MPa) (MPa)
Material Dead Load | All Loads | Dead Load JAll Loads

Unconfined PTFE:

Unfilled sheets 14 20 18 25

Filled sheets—these figures are for maximum filler 28 40 35 55

content

Confined sheet PTFE 30 40 35 55
Woven PTFE over ametdlic substrate 30 40 35 55
Reinforced woven PTFE over ametdlic substrate 35 50 40 65

Tablell-C. Permissible Contact Stressfor PTFE

Attachment and confinement of the PTFE are dso desgn condderations. Sheet PTFE should
preferably be confined in a recess in a ligid metal backing plate for one hdf its thickness. Recessed
PTFE must normally be thicker, since haf of its thickness is recessed into the stedl backing. Woven
PTFE is normdly atached to a metdlic substrate by mechanicd interlocking which can resst a shear
force no less than 0.10 times the applied compressive force. Sheet PTFE which is not confined must be
bonded to ameta surface or an elastomeric layer with a Shore A Durometer hardness of at least 90.

Design Example

Asadesgn example, consder abearing with the following design loads and movements.

Dead Load 2400 kN (540 kips)
Live Load 1200 kN (270 kips)
Longitudind trandation +200 mm (£8.0in.)
Rotation 0.005 radians

The above bearing trandations are in the longitudina direction. The rotation is about the transverse axis.
There are no design trandations in the transverse direction; trandation in this direction is restrained by
the stiffness of the bearing. The sted girder has a bottom flange bearing width of 750 mm (30in.).

Examination of Figure F1 of the Steel Bridge Bearing Selection Guide contained in Part | of this
report illustrates that a CDP or a stedl reinforced elastomeric bearing with a PTFE diding surface is a
logical dternative. PTFE diding surfaces are not able to accommodete rotation without some other
bearing component, and CDP have limited rotationd capacity. Therefore, the very smal rotation
combined with the relatively large compressve load suggest that the sted reinforced eastomeric bearing
combined with a PTFE diding surface isthe mogt viable. The loads on this bearing are identicd to those
used for the sted reinforced elastomeric bearing example except that the rotation is now smdler. The
ged reinforced dastomeric bearing was 475 mm (19 in.) long by 725 mm (29 in.) wide with a layer
thickness of 15 mm (0.6 in.) and a shape factor of 9.57. This same dastomeric bearing will be able to
support al of the loads based on caculations described earlier, if it is shown that the sted reinforced
elasiomeric bearing can tolerate the rotation and the horizontal trandation is accommodated by a PTFE
diding surface.

The average compressve siress under maximum loading as determined previoudy is 10.45 MPa (1.5
ks). The eastomeric bearing can tolerate the rotation if it satisfies
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Therefore, 7 layers will be adequate. The total €lastomer thickness would be 105 mm (4.1 in.), and the
shear deformation limit indicates thet this e astomeric bearing could tolerate a maximum trandation of 52
mm (2.0 in.). Thus a PTFE dider must be used to accommodate at least 148 mm (6.0 in.) of
trandation and preferably the entire 200 mm (8 in.).

The PTFE could be attached in several ways. Two of these options are illudtrated in Figure 11-2.13. A
ged plate could be vulcanized to the top of the sted reinforced dastomeric bearing, and the PTFE
could be recessed into the plate. Under these conditions, the actua contact area for the PTFE would
be smaler than the plan area of the stedl reinforced elastomeric bearing and the coefficient of friction
achieved with the PTFE would be smdler than if the PTFE covered the entire area. 1t will be necessary
to ensure tha the top plate is giff and strong enough to accommodate the load transfer. As an
dternative, the PTFE could be directly bonded to the top cover layer of eastomeric bearing. The top
cover layer of the dastomer must be very hard (90 Durometer) for this arrangement. This second
option is likely to produce a somewhat more smple and economical bearing and attachment detail, but it
will result in dightly larger coefficient of friction and dightly inferior overdl behavior.

Stainless Steel Plote Is Attachad to Sole
e el Plate Which may be Fisld Welded to Girder

X\\\_HE Recessad into Top
Plata

Elsstomaric Bearing Hes a Top Plate
| Concrate Pler I Which iz Bonded During Yulcanization

I - Stainless Steel is

Attsched to Sole Plate

PTFE Bonded to Elastomaric
Baaring With Adhasive

Option A

[ Elastomeric Bearing has &
vary hard Elastomer Layar
(90 Duromater) Under PTFE

l_ Concrate Pler
Option B

Figurell-2.13: Two Optionsfor the Attachment of
A PTFE Sliding Surfaceto a Steel Reinforced Elastomeric Bearing

The second option is sdected here and it is to be used with flat, dry sheet unfilled PTFE. By
interpolation of the data in Table 11-B, this gpplication achieves a coefficient of friction of approximatdy
0.06 at room temperature. Larger friction must be expected at very low temperature. The average
contact stress under full loading is 10.45 MPa (1.5 ks) and under dead loading 6.97 MPa (1.0 ks),
and Table 11-C shows that these are well below the limits for unconfined PTFE for control of cregp and
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cold flow. The maximum force transferred by the diding surface a room temperature should be in the
order of

F = 0.06 (3600) = 216 kN

If this force is unacceptable to the structure or substructure, another type of PTFE could be employed
or the dternative attachment procedure could be used. The edge contact stress must also be checked.
It should be recognized that part of the movement will be taken up by deformation of the sted
reinforced eastomeric bearing, and part by diding action. The deflection of the elastomeric bearing can
be estimated as

Fxhy; _ 216 000x 105 _

s = = = 94 mm
GXWxL 07x 725x 475

This 94 mm (3.7 in.) deflection exceeds the dlowable shear deformation of the sted reinforced
elastomeric bearing acting done, and is cause for rgecting the proposed syssem. The force and the
elastomer deformation may be reduced by using a PTFE with alower coefficient of friction. A dimpled
lubricated PTFE will have a coefficient of friction less than 0.03. This will produce a maximum friction
force of 108 kN., and the eastomeric bearing deformation will ke below acceptable limits. As an
dterndive, a differ dastomer could aso be employed. It can be shown that, in order to satisfy
deflection limits of Eq. 2-5b

05G
ST

mE

The maximum ressing moment about the transverse axis, M,, of the eastomeric bearing can be
estimated at the maximum service rotation, ¢, by the equation

My = (0.5 Ecl)a/hrt (Eq. 2-19)

where | is the moment of inertia of plan shape of bearing, and E. is the effective modulus of the
elastomeric bearing in compresson. The vaues of |, g, and hy are reasonably clear. The vaue of E.
can be etimated by the equation(®).
E; = 36(1+13?) = 3x 0.91 x (1+ 1.3(9.57)2)
= 328 MPa

It should be noted the E. is sometimes consarvatively approximated as 6GS in these diffness
cdculaions. Thus,

M, =(05 E¢l)ay/hy
3 0.005

= 05x 328 x (1/12) x 725(475) 05

=50.57 x 10® N-mm

The maximum contact stress on the edge is then
11-32



® 6 0
s =1045+ ¢ 057x19 < -123MPa
(16) x 725(475)* 5

This is well below the dlowable stress due to edge loading listed in Table 11-C. Similar cdculaions
would be used to account for the moment about any other axis.

The mating surface sould be Type 304 gtainless sted with a #8 mirror finish or better. The stainless
ged should be long enough that the full 200 mm (8 in.) trandation can be accommodated in each
direction without exposng the PTFE, dthough a ggnificat pat of the totd trandation will be
accomplished by elastomer deformation. In addition there should be adequate freeboard, say 50 mm (2
in.) a each end, to cover uncertainties. Thus, the tota length of the stainless sted mating surface should
be 975 mm (39 in.), and the Sainless sted should be centered over the initia zero movement position of
the bearing.

Summary

Lubricated bronze and PTFE diding surfaces can support a wide range of compressive loads and
accommodate large trandations if they are properly designed. Movements in excess 1000 mm (39 in.)
are possible. These bearings can accommodate rotation only if machined into a curved (spherica or
cylindrical) surface or if combined with another bearing component such as a sted reinforced
elastomeric bearing or pot bearing. A lubricated bronze diding surface is ardatively robust system and
is less sengdtive to abnormadlities than a PTFE diding surface, but it induces larger forces into the
structure and substructure.  Less care is required in the design and manufacture of lubricated bronze
diding surfaces than in comparable PTFE diding surfaces, but they are less versdtile in achieving many
design objectives. A PTFE diding surface is frequently used in conjunction with other bearing systems.
For example, PTFE is often used as a diding surface in conjunction with stedl reinforced eastomeric
bearings as shown in Figure [1-2.10 to accommodate large trandations. PTFE diding surfaces may aso
be used on top of a pot bearing to dlow laterd displacement.

BEARINGS WITH CURVED SLIDING SURFACES

General Behavior

Bearings with curved diding surfaces include sphericd and cylindricad bearings, and they are specid
cases of |ubricated bronze or PTFE diding surfaces. Figure 11-2.9 illustrates a cylindricd bearing of
lubricated bronze, and Figure 11-2.12 shows a spherica bearing with a woven PTFE diding surface.
They are used primarily for sustaining large rotations about one or more axes. The rotation occurs
about the center of radius of the curved surface, and the maximum rotation is limited by the geometry
and clearances of the bearing.

Sphericd and cylindrical bearings may develop horizontd resistance by virtue of the geometry. This

laterd load capacity is limited and large laterd |oads require an externd restraining system. Sphericd

and cylindrica bearings rotate about their center of radius, and they are fixed againg trandation. The

center of rotation of the bearing and the neutrd axis of the beam seldom coincide, and this eccentricity

introduces additiond trandation and girder end moment which must be consdered in the design. An

additiond flat diding surface as shown in Fgure [1-2.14 must be added if the bearing is to accommodate
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displacements or to reduce the girder end moment. The moment, M, on the end of the girder can be
estimated by

M=nNd (Eq. 2-20)

where mis the coefficient of friction, N isthe normal load on the projected area of the bearing, and the
moment am, d, is the distance between the center of radius of the bearing and the center of rotation of
the girder. This additiond moment must be considered in the design of the bearings, the superstructure,
and the substructure. However, the end moment cannot be used to develop continuity or restraint for
the piers or the girders, snce it will change with time.

Stainless steel

PTFE

’ )

SN\

Figurell-2.14: Flat Siding Surface Used in Conjunction with a Curved Siding Surface

The indde and outsde radii of spherical and cylindrical bearings must be accurately controlled and
machined to assure good performance. When using PTFE, a smal tolerance between the two radii and
a smooth surface finish is required to prevent wear, cregp or cold flow damage due to nonuniform
contact and to ensure a low coefficient of friction. A redidtic estimate of the thickness of the PTFE
under load is also necessary. Tolerances for lubricated bronze bearings are less critical because some
wear of the bronze is expected. However, the tolerances must be tight enough to prevent fracture of the
bronze due to point or line contact on the stedd mating surface.

Design Requirements

The design of bearings with curved diding surfaces uses many of the parameters required to design flat
diding surfaces.  The coefficient of friction, m and alowable contact siresses are the same. The
moment transferred by the curved surface about its center of rotation is given by the friction force
multiplied by the lever am. For curved diding bearings with a companion flat diding surface

Error! AutoText entry not defined. = mP R (Eq. 2-214)
and for curved diding bearings without a companion flat diding surface

My=2mPR (Eq. 2-21b)
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The dlowable contact stresses are applied over the projected area of the curved surface, so that for
cylindrica bearings
P

s =P Eq. 2-22
TSBW (Eq a)

and for spherica bearings

_ 4P
St = D2 (Eq. 2-22b)

where st is the maximum tota stress due to maximum loading on the projected areg, D isthe diameter
of the projection of the loaded surface, W is the length of the cylinder and B is the plan dimension of the
cylindrical surface perpendicular to its axis.

Thelaterd load capacity inherent in a curved bearing without an added restraint can be determined from
Hy, £2RW (s preg) sin(f -b-qy) sirb (Eq. 2-234)
for acylindrical diding surface where

_@H 0

b = tan 55 (Eq. 2-23b)
D
and
f=gn1@P 0 (Eq. 2-23¢)
- 2 RO &

where D isthe projected length of the diding surface perpendicular to the rotation axis, Risthe radius of
the curved diding suface, H,, is the maximum factored horizontd load, Pp is the factored compressive

dead load, b isthe resultant angle of the gpplied loads, f is the corresponding subtended angle of the
curved diding surface, Spreg IS the maximum average contact stress permitted on the PTFE for dl loads

from Table |1-C and Wisthe length of the cylindrical diding surface. For spherica bearings
Hy £PpR? (Spree) sin®(f -b-q,) sinb (Eq. 2-23d)

It should be noted tha these equations are different than those presently appearing the AASHTO
LRFD Specifications, but those equations are in error and will be corrected in future Interims to the
Specifications.

Summary

Cylindrica and spherica bearings tend to be rdlatively cosily bearings which become a practica choice
primarily when the gravity load or the required rotetion is large. They are able to support loads up to
severa thousand tonnes and may accommodate rotations of more than 5 degrees if the bearing is
properly designed and congtructed. They are likely to be more expensive than a pot bearing, but they
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can be desgned to tolerate larger rotations than pot bearings. As with pot bearings, trandationd
displacements require the addition of aflat diding surface.
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Section 3
Construction, Installation and
Attachment Detalls

INTRODUCTION

Sted bridges contain specid features that influence the sdection, design, and inddlaion of suitable
bearing systems and attachment detalls. The influence of these featuresis discussed in this section.

SELECTION AND DESIGN ISSUES

Lateral Forces and Uplift

Bearingsin sted bridges may be subjected to latera forces or uplift. However, bridges in which these
load effects have a ggnificant influence on the bearing sdection and design are the exception rather than
therule. In past years, sted bridge design specifications required that stedl bridges be anchored against
uplift in al cases, but the AASHTO LRFD Specifications do not contain this arbitrary requirement.

Thus the bearings for the mgjority of stedl bridges can be smple and economical.

Laterd forces may arise from wind, traffic, seiamic or hydraulic loads. For stream crossngs, hold
downs, such as anchor bolts, are recommended if the eevation of the bottom of the superstructure is
within 600 mm (2 ft) of the design flood devation. Earthquake forces may be mitigated by the use of
seigmic isolation bearings, which are beyond the scope of this report. These lateral forces must be
accommodated. However the engineer should determine the true magnitudes of the loads and the
combinations that can plausibly occur and base the design on them, rather than on empirica rules.
Laterd forces are aso induced by the resstance to imposed displacements caused, for example, by
temperature change.

The potentid for uplift under gravity load exigts in bridges that are continuous with a high live load to
dead load rtio, very uneven span lengths, curved, or heavily skewed. In many cases neither uplift nor
laterd loading will occur, in which case the bearing attachment detalls will be smple and economicd.

A vaiety of atachment details are possble. They generdly fal into two categories: those suitable for
flexible systems with no mechanicd moving parts such as sted reinforced eastomeric bearings, and
those suitable for rdatively giff systems such as pot bearings. In al cases and in dl potentia load
directions the engineer is faced with the choice of alowing a displacement to occur or inducing aforce if
the displacement is redrained. The design will influence the bearing attachment details. Generdly,
verticd displacements are resisted, rotations are dlowed to occur as fredy as possible and horizonta
displacements may be either accommodated or resisted. The attachment details should be consistent
with the behavior of the bridge.



Small Lateral Force and No Uplift

The mgority of bearings fdl into this category, o it is important. Latera forces are smdl in bearings
that are equipped with a PTFE dider, or in aflexible bearing adjacent to some fixed point in the bridge.
Attachment details for flexible (eg. dlastomeric) and siff systems are discussed separatedly. In most
cases the details are economical because the requirements are modest.

Minimum Attachment Details for Flexible Bearings

An dastomeric bearing pad or sted reinforced elastomeric bearing may smply be placed under the
girder with no podtive attachment, as shown in Figure 11-3.1. It ishdd in place by friction and itsmain
function isto accommodete rotations. The detail isthe most economica possible.
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Figurell-3.1: Attachment of an Elastomeric Bearing with
Small Lateral Load and No Uplift

The posshbility of dip should be checked using the load combination with the maximum possble
concurrent ratio of horizontal load/verticd load. Elastomers typicdly exhibit less friction againgt sted
than againgt concrete, especidly if the latter has been intentionaly Ieft rough, so the sted-elastomer
interface is the likely location for potentid dip. The friction coefficient between dastomer and sted
varies with pressure and surface condition, but a value of 0.2 is usudly attainable and is recommended
in the AASHTO LRFD Specificaions(10), This friction vaue will be high enough to prevent dip,
provided that the maximum horizonta load does not occur in conjunction with an exceptiondly light
vertica load. Thisfollows from the fact that the bearing's shear deformation is limited by the AASHTO
LRFD Specificationsto 0.5 hy¢, and smdl shear deformations imply small laterd loads.

It should be noted that a recent study(”) has shown that some eastomer compounds exhibit very low
friction and that bearings made from them have dipped out of place. The effect was found to occur only
with bearings made from certain naturd rubber compounds which contain large quantities of anti-
ozonant waxes. Furthermore, some of the bearings in question were set on very smooth concrete
surfaces.

Minimum Attachment Details for HLMR Bearings

HLMR bearings, such as pot or spherical bearings, theoreticaly need no attachment for service load
snce, under the specified conditions of smdl laterd load and no uplift, friction will be adequate to
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prevent movement. However, they contain mechanical moving parts, and the consequences of these
components becoming misaligned by unexpected bearing movements are grave.  Furthermore, small
superstructure movements could lead to large forces in siff bearing systems. Therefore HLMR bearings
are required to be bolted to the support.

Uplift Alone

Potentid uplift displacements may either be permitted to occur or they may be restrained, in which case
aforce is developed in the restraining syssem. Mechanica bearings are dmost dway's restrained againgt
uplift to prevent the bearing damage that might occur if components become misdigned. In eastomeric
systems, uplift displacements may be acceptable provided that expansion joint and girder misdignment
cannot occur and that the impact loading caused by renewed contact with the piercap is acceptable.

Elastomeric bearings are likely to return to their zero strain position during uplift, and therefore the
effective inddlation temperature of the bearing will be the temperature of the bridge when the
superstructure and bearing return to contact. This change in effective indalation temperature is not a
mgor concern with flexible bearings, Snce dastomers are quite forgving of overly large deformations
that are infrequently applied. Only in extreme cases, are dasomeric bearings likdy to required

repogtioning after temporary uplift.

Uplift Attachment Details for Flexible Bearings

Elastomeric bearings may be restrained by a smple bolted detail, as shown in Figure [1-3.2. Two bolts
placed at the axis of rotation provide the least restraint to rotation while preventing the uplift. A sole
plate (shown in the Fgure) is often used to avoid drilling the girder flange. It so dlows some tolerance
in the placement of the girder on the sole plate, if the sole plate can be fidld welded to the girder. (The
sole plate is wider than the girder flange so this weld can be made downhand). The erector may adso
prefer to shop weld this connection. Possible methods are discussed under "Erection Issues' at the end
of this section.

Slotted hole,
plate washer &
double nut
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Figurell-3.2: Elastomeric Bearing with Uplift Restraint

Uplift Attachment Details for HLMR Bearings

Uplift restraint of HLMR bearings poses difficult problems. The restraining system must be sufficiently
rigid to prevent verticd movement, but it must contain sufficient articulation to dlow relative rotation,
and possibly relaive horizonta movement, of the components. Individual manufacturers have proposed
their own hold-down details. Most add sgnificantly to the price of the bearing.

Lateral Load Alone

Some degree of laterd load on a bearing is common. The engineer must decide how many of the
bearings are to resist such loads. In giff bearing systems, such as pot or spherical bearings, it is often
best to cary the latera loads on a smal number of bearings This avoids not only the potentia
additiona loads from restraint of transverse temperature expansion but dso the uneven digtribution of
goplied laterd load that can occur with siff bearing systems.  If this philosophy causes the laterd load
on a single bearing to be too large, particularly compared with its vertical load, a separate guide system
may be used to resd laterd load, asillustrated in Figure 11-3.3. The advantage of this approach isthat
it separates the functions of carrying the laterd and vertica loads and permits awider variety of choices
for the individua components.
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Figurell-3.3: Separate Guide System for Resisting L ateral L oads

With flexible bearing systems, the deformation needed to accommodate the transverse temperature
expangon is smal compared with the overal bridge movements, so dl the bearings can be used for
resging laterd loads.



Lateral Load Attachment Details for Flexible Bearings

Applied laterd loads, such as from wind forces, should be distinguished from gpplied longitudind

displacements, such as caused by therma expanson. In the former case the bearing should be iff
enough to prevent excessive movement, or an independent horizonta force ressting system should be
used. In the case of expansion, the displacement is a given so the bearing should be flexible in order to
limit the forces between the substructure and superstructure.

The smplest arrangement for resisting gpplied loads isto use a rdaively low-profile eastomeric bearing
with no externd restraint as shown in Figure 11-3.1. Thethickness and plan area are selected to furnish
the required gtiffness, but the bearing must till be thick enough to accommodate the required rotation.
The posshility of dipping should aso be checked. If the lateral loads are caused by wind or traffic
forces, they are likely to be small compared to the dead weight of the bridge, in which case this detall is
viadle.
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Figurell-3.4: Bolt Detail for Resisting Lateral L oads

If the lateral force istoo large for this smple detail, bolts may be used, as shown in Figure 11-3.4. The
bolts are loaded in bending and shear, so they should be designed properly. Such a detail works if
motion in both horizontal directions is to be prevented. If the bearing is to be free to move in one
direction and fixed in the other, dotted holes may theoretically be used. However in practice they risk
freezing up from accumulation of dirt, corrosion and layers of paint. In this case some separate guide
system, such as the one shown in Figure [1-3.5, may be used.
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Figurell-3.5: Guide Detail for Resisting L ateral L oads

Lateral Load Attachment Details for HLMR Bearings

In stiffer systems such as HLMR bearings, the ability to permit movement or resst load depends on the
bearing type.

Among pot bearings, the smplest type is fixed in dl directions and permits only rotation. A pot bearing
that is free to dide in dl directions can be made by adding a PTFE dider, but resgting load in one
direction while permitting movement in the other requires both a dider and a guide sysem. This is
therefore the most complex and expensve bearing system.

The same ranking aso holds for sphericd bearings. However use of sphericd bearings should be
conddered carefully because of their geometry. A nomindly fixed bearing uses only a sphericd diding
surface, but it is not truly fixed because it rotates about the center of the sphere. This point is usudly not
at the location of the neutrd axis of the girder, so some longitudina movement must be alowed to occur
or d<e a longitudina force will be introduced. Use of a diding bearing at the other end of the bridge
alows this movement to occur.

The geometry of the guide syssem may exert a congderable influence on the forces carried by individua
bearing components. For example, in a pot bearing, two externa guides or one centra ‘internd’ guide
may be used, as illugtrated in Figure 11-3.6. If the guides bear againgt the piston (Figure 11-3.6a) the
laterd forces must then be trangmitted from the piston to the pot wall by contact stresses. This
arrangement introduces the possbility of heavy wear on the piston rim and o is suiteble only if the
horizontd loads are low, say less than about 5% of the vertical load. Larger horizonta |oads should be
carried by externa guides that bear againgt the outside of the pot wall (Figure 11-3.6b), but then enough
clearance must be left to permit rotation of the bearing. For this arrangement, the outside of the pot wall
must dso be draight, rather than circular, in plan so a dider can be mounted there.  Binding of the
guides during rotation will be minimized if the center of the guideis a the same eevation as the center of
rotation of the bearing. This may be taken as the top surface of the elastomeric pad in a pot bearing.
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Figurell-3.6: Guidesfor HLMR Bearing

The guides should be designed according to principles of structural mechanics. A horizonta force on a
guide typicaly induces both shear and bending (or overturning) moments. Since guidebars are usualy
bolted to the top plate, the connection must be designed for the moment as well as the shear. If the
bolts are fitted into drilled and tapped holes in the top plate, the plate thickness must be adequate to
deveop the full strength of the bolt within the threed length available.

Clearances and tolerances are important in the design of guides. Clearance refers to the distance
intentionally placed between two components to permit relative movemert. Tolerances are the
unintentiond but inevitable variations from nomind vaues in component dimensons and locations. They
arise from both fabrication and erection. The net clearance is therefore the nomind clearance plus or
minus the tolerances on the adjacent parts.

A net clearance tha is too smdl may redrict movement, while one that is too large may cause any
latera loads to be carried by a single bearing, because the guides of the others are not in contact. All
guides a a bent must be inddled pardle to each other within a smdl enough angular tolerance to
prevent binding of the system. Furthermore, the direction sdected for free motion at each bent should
be consgtent with the that of the movements of the total bridge system, especidly in curved or skewed
bridges. The use of unguided bearings, possbly in combination with an independent guide system as
illugrated in Figure 11-3.3, should be consdered, since this is frequently the most reliable method of
developing large restraint forces or directiond guidance for the bearings.

It is clear that guides and restraints should be used only if a clearly identified need for them exists. They
have the potentia for inducing unexpected and unwanted forces into a structure and the certainty of
adding cost to the bridge.

Combined Uplift and Lateral Load

Dedgning for combined uplift and laterd load is difficult. In pot and sphericd bearings, providing
redraint againg uplift at the same time as dlowing free rotation poses problems, and designs for these
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bearing types therefore tend to be expensive. If the rotation occurs about only one axis and the uplift
forces are large, a traditiona pin bearing might prove cogt-effective. However, many bridges have
some degree of skew, which induces rotation about more than one axis and renders this bearing type
unsuitable.  Furthermore, such bearings have a high profile and are more susceptible than are lower-
profile bearings to overturning under saismic loads. Elastomeric bearings provide feasble and
economica solutions under many conditions.

The detall shown in Fgure 11-34 for ressting lateral load will dso resst uplift forces. It is smple to
fabricate and ingal. The bolts should be ingdled a the axis of rotation so that they do not develop
tension when the bearing rocks.

DESIGN FOR REPLACEMENT

Bearings are subjected to severe service conditions, which may lead to service livesthat are shorter than
for other bridge components. This is particularly true for systems such as mechanica bearings that
require maintenance. Therefore the need for replacement of al or part of the bearing sysem must be
congdered in the design. 1t should be emphasized that designing for potentia replacement should not,
and normaly does nat, require the addition of expensve details.

The most important aspect of design for replacement is the provison of jacking locations at every
girder. These points must be indicated on the plans. Modern flat jacks make this lifting quite easy
because they have alow profile, do not require a large verticd movement, and can lift heavy loads. A
typicd flat jack and lift detall is shown in Figure 11-3.7 There must be space on the piercap and a
bearing point on the superstructure to jack up the girder. An adternative to the detail shownin Figure ll-
3.7 is to use hydraulic jacks under a temporary spreader beam that lifts adjacent girder top flanges
amultaneoudy. If only some of the girders are to be lifted a any one time, the jacking force on each
girder may be larger than the nominad load on an individua bearing because the lifting process may
attract some load from the adjacent bearings. This process will also induce stress in some of the cross
members or digphragms, so using linked jacksto lift dl the girders together should be considered.
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Figurell-3.7: Typical Jacking Point and Lift Details

A second issue which affects the cost and ease of replacement is the attachment of the bearing and the
pace available for access. If the bearing is unattached, it can easly be pulled from its position when the
load is removed. Any anchor bolts should be placed so that they do not impede the removad of the
bearing. Welds can be cut but doing so requires oxyacetylene equipment that may be cumbersome in
the space avallable. Grinding may aso be needed in order to produce aflat enough surface for ingdling
the new bearing. Careful monitoring of the girder centerlines is necessary regardiess of the method of
bearing remova and attachment. In the case of pot bearings, only some of the components, such asthe
sedls and pad, may need replacing. Ingtaling the new components may then be possible without cutting
any welds or removing the bearing, provided the required lift height can be achieved.
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Figurell-3.8: Attachment Detailsto Facilitate Replacement

Ladt, the bearing and its attachments should aso be designed so that the required lift height is minimized.
For this reason the use of a masonry plate under a pot or spherica bearing isdedrable, eveniif it isnot
needed for load spreading. A bearing that is connected directly to the piercap by anchor bolts without a
masonry plate must be lifted over the bolts after the nuts have been removed. This arrangement
sgnificantly increases the required lift height and complicates the replacement.  Three possible details
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that minimize the lift haght by usng masonry plates are illusrated in Fgure 11-3.8. A shalow recess
may retain the bearing (Figure 11-3.83), a flat masonry plate may be used with bolted or welded keeper
plates (Figure 11-3.8b), or the bottom plate of the bearing may be bolted directly into holes that are
drilled and tepped into the masonry plate (Figure 11-3.8¢c). The height needed for removing and
ingalling bolts should be accounted for.

BEARING ROTATIONS DURING CONSTRUCTION

Sted girders often have substantia camber before ingdlation and this results in alarge initid rotation on
the bridge bearing while the compressve load on it is very smdl. The sted girder is quite flexible until
the concrete deck develops composite action, and significant girder deflection and bearing rotation
occur during placement of the deck. The bearings must clearly be designed so that they can tolerate
these rotations, but the forces that are applied a the same time are usudly much smdler than the
maximum loads.

In elastomeric bearings, the load that can be carried is rlated to the rotation0). However the
combination of erection forces and rotations is unlikely to cause problems because it is gpplied only
once during the life of the bridge and damage to dastomeric bearings generdly arises from the
accumulation of many cycles of dress. The astomeric bearing design provisons in the AASHTO
LRFD Specifications(10) were developed for repeated cycles of service load, so they are not applicable
to asingle gpplication of acongdruction load combination.

In bearings such as pots or sphericas, the rotation capacity is limited by metd-to-metd contact and is
not related to the accompanying load. These bearings must therefore be designed to accommodate the
full rotation.

CONSTRUCTION ISSUES

Erection Methods

Sted bridge superstructures are fabricated in a shop and so they do not offer opportunities for large
adjustments to the dimensions on ste.  Therefore methods of erecting sted bridges have evolved to
dlow for such adjusments. The primary problem is that the substructure contractor may not have
placed the anchor bolts in the piers (or even the piers themsalves) with sufficient accuracy to permit easy
ingalation of the bearing, or masonry plate if one exigs. Longitudind location errors are more common
than transverse ones. The problems are more severe with giff systems such as pot, spherical or
mechanica bearings than with eastomeric bearings, because they contain more anchor bolts and
because the potentid for damage by misdignment is greaeter. Where a bearing has no anchor bolts, the
problems are vastly smplified. Theredl need for anchorage should therefore be carefully assessed.

The most satisfactory approach is to exert strict control over the work of the subcontractor so that the

anchor bolts are correctly located, but this is not aways easy or even possble. If thisis not feasible,

there are severd possible adjusment locations for achieving the necessary longituding tolerance. The
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piers themsalves may be jacked, or adjustments may be made at the interfaces between pier and
masonry plate, bearing top plate and sole plate, or sole plate and girder. Each adjustment location has
advantages and drawbacks.

Jacking the piers may damage the substructure. The possibility of moving the masonry plate relaive to
the pier depends on the anchor bolt ingtdlation technique. Many erectors like to run an accurate survey
of the pier locations, then drill or core the piers so that the bolts can be correctly located for the girder
and bearing. This gpproach solves the adjustment problem, but there is arisk of drilling through critica
reinforcement, and in extreme cases, the bolts may be far from ther intended location and the
reinforcement in the concrete substructure may not be suited for the loading that results. This method
may aso provide insufficient tendon cgpacity in the bolts in case of uplift if the sides of the holes are
smooth. One dternative is to pre-form in the concrete oversize holes that are large enough to provide
the necessary tolerance and, in cases where uplift may occur, to use a sted tube with a plate washer at
the bottom, such as shown in Figure 11-3.9. The holes are grouted after the bearing or masonry plate
has been set. Another possibility is to use oversize holes in the bearing plate or masonry plate and to
use plate washers over them. This arrangement requires adequate height and may not be feasible with
low-profile bearings.

Adjustments may be made between the bearing top plate and the sole plate, if both exigt. If the bearing
has a top plate, it may be bolted to the sole plate usng oversized or dotted holes. Again, verticd
clearances for bolting should be verified. The adjustment that can be made by this method is somewhat
limited unless the bearing top plate and the sole plate are large.
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Figurell-3.9: Steel Tube Detail for Anchor Bolts

The sole plate may aso be adjusted, at least longitudindly, relative to the girder flange provided that the
two are then ste welded. This is feasble, but requires ste welding under conditions that might be
difficult. If the bearing is elastomeric, it aso risks heat damage from the welding. Temperature sendtive
crayons or other means must be used to ensure that the elastomer is not overheated.



Indl cases, dimensond cortrol must be properly maintained. This requires at least that the centerline of
the bearing be clearly marked so that discrepancies from the nominal bearing location can be properly
identified and monitored.

Stability of Bearing and Girder During Erection

Sted bridges usudly contain digphragms or transverse bracing for lateral support of the girders. The
dructure is very gable in its complete configuration, but the girders may be relaively unstable during
condruction. Thisis particularly true for curved girders but is aso true for individua girders on straight
bridges Multiple sraght girders ingtdled with digphragms dready in place should significantly reduce
the potentid for latera ingtability for al bearing types, but they require heavier cranes.

The rotationd flexibility of the bearings about the girder's longitudina axis may aggravate this temporary
ingtability, particularly for curved girders or Sngle girders. In service, the girders are Sabilized agangt
such rotations by bracing, but it may not be inddled until severd girders are in place. It is more
economica to provide stability by temporary locking the bearing againgt deformation or by temporary
bracing the girder, rather than designing a permanent restraint of some sort. Contractors are capabl e of
providing this bracing, but the need for temporary bracing should be shown on the plans.
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Appendix A:
Test Requirements

GENERAL

A number of tests are required to ensure satisfactory performance of bridge bearings. Most of these
tests are described in detall in the AASHTO LRFD Specifications and other documents. These tests
are normaly used to achieve one of three objectives. First, materid tests are used to assure that the
properties are consistent with those used in the design.  Second, quality control tests on the completed
bearing are conducted to verify that the bearing was built to satisfactory quality standards and
tolerances. Findly, tests are sometimes conducted to Smulate service conditions in order to evauate
the sarvice life of the bearing. These three mgor objectives are discussed separately, athough there is
clearly some overlap.

TESTS TO VERIFY DESIGN REQUIREMENTS

Mogt materid tests are outlined in the appropriate ASTM and AASHTO Materid Standards.
However, PTFE and elastomers require specid testing because their behavior can not be predicted by
indirect measures or physca examination.

Friction Testing of PTFE

The coefficient of friction in PTFE depends on many variables such as contact pressure, diding speed
and temperature. Friction can have a large impact on the forces transmitted from the superstructure to
the substructure, and these forces influence the economy of the entire bridge design.

The materid for the test specimens must be identica to that in the manufactured bearing and the test
specimens may be comprised of materid taken from randomly sdected bearings from the lot supplied
by the manufacturer; complete bearings may dso be used. The test pieces are loaded with a
compressive sress corresponding to their maximum stress due to service dead plus live load, which is
then held congtant for one hour prior to, and throughout the duration of, the diding test. At least 100
cycdes of diding, each congding of a leest £25 mm (1 in.) of movement, are then gpplied a a

temperature of 20°C (68°F). Additiona low temperature tests may be required if the bridge ste is
located in acold region. The tests are normaly performed at a uniform diding speed of 63 mm/min (25
in/min). The breskaway friction coefficient is computed for each direction of each cycle, and its mean
and standard deviation are computed for the sixth through twelfth cycles.

Theinitid breskaway coefficient of friction for the first cycle can not exceed twice the design coefficient
of friction, and the maximum vaue for al subsequent cycles can not exceed the design coefficient of

fricion. A multiplier of 2 is applicable for the firs cycle because that criterion would otherwise
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dominate. It isjudtified by the low probability of finding the full gravity load on the bearing a the time of
initid dip. The very firda movement dmost dways occurs during transportation or bridge erection.
Further, the norma margin of safety used in bridge desgn accommodates some one time overload.
These tedts assure that the bearing does not deliver a larger force to the superstructure or substructure
than considered by the design engineer.

Shear Stiffness of Elastomeric Bearings

The shear modulus of the eastomer is the primary design requirement for stedl reinforced eastomeric
bearings or elastomeric bearing pads. The shear modulus test can be made from a specimen cut from a
randomly sdected bearing (an extra bearing must be manufactured to provide this specimen) or a
comparable non-destructive gtiffness test may be conducted on a pair of finished bearings. The test
apparatus and procedure for small specimens are described in Annex A of ASTM D4014, Sandard
Specification for Plain and Steel-Laminated Elastomeric Bearings for Bridges. The shear modulus
mud fdl within +15 percent of the specified value, or within the range for its hardness given in the
AASHTO LRFD Specifications if no shear modulus is specified.

If the test is conducted on finished bearings, the materid shear modulus must be computed from the
measured shear diffness of the bearings taking due account of the influence on shear stiffness of bearing
geometry and compressive load. There are congderable difficulties associated with predicting bearing
shear dtiffness from materia modulus, or vice versa, because of the complex interaction of compressive
and shear loads in an elastomeric bearing. For this reason, it is important not to specify both materia
modulus and bearing Siffness.

Elastomers diffen a low temperatures. The extent depends upon the eastomer compound, the
temperature and the duration of exposure. If an ingppropriate eastomer compound is used the shear
forces may be more than 100 times as large as those obtained a room temperature. They can cause
severe damage to a bridge. The materids for bearings to be used in extremely cold climates must be
subjected to the low temperature shear test. The three primary tests to be used are the Low
Temperature Brittleness test (ASTM D746), the Instantaneous Low Temperature Stiffness test (ASTM
D1043) and the Low Temperature Crydalization test (ASTM D4014). The test temperature depends
upon the dastomer grade, and the required grade depends upon climatic conditions at the bridge site.
For the low temperature crygalization and low temperature giffness tests, the diffness a the test
temperature cannot exceed 4 times the stiffness noted at room temperature.

Low temperature testing is important only for bearings to be used in colder climates in the United States,
S0 it is required only for dastomeric bearings made from low temperature grades 4 and 5. The low
temperature tests are more expensive than the basic physical property tests, so the AASHTO LRFD
Specifications require the manufacturer to provide certified test results conducted on the same
compound within one year of the date of manufacture of the bearings, unless specific testing is required

by the engineer.



TESTS TO ASSURE QUALITY OF THE MANUFACTURED
PRODUCT

These tests are intended to assure that the bearings are manufactured to gppropriate tolerances and
clearances. Engineers are familiar with many tests of this type and little additiona discusson is required.
However, afew tests such as proof |oad tests on elastomeric bearings require some illustration.

Short Duration Proof Load Test of Elastomeric Bearings

Elastomeric bearings are different than most structura components.  Satisfactory bearing behavior
requires a well manufactured product. Appropriate curing is needed to obtain the correct elastomer
materia properties and scrupulous cleanliness is needed to achieve satisfactory bond.

Dividon Il of the AASHTO Sandard Specifications for Highway Bridges requires that every
elastomeric bearing which is designed for high stress gpplications be subjected to a short duration load
test. The bearing is loaded in compresson to 150 percent of its rated service load. If the bearing is
subjected in service to a rotation and compression, a tapered plate should be introduced in the load
path so that the bearing sustains the load at the maximum smultaneous design rotation. The load shdll
be held for 5 minutes, removed, then regpplied for a second period of 5 minutes. The bearing should be
examined visudly while under the second loading. Any defect results in rgection of the bearing. A
good bearing manufacturer can do this test very quickly and economicdly, since the press needed to
manufacture the bearing can dso be used to test it.

The test provides vaduable information since any ingtances of poor dimensiond tolerances and poor
bond between the sted and dastomer will usudly be visble. Further, it provides the owner a quick
check of the manufacturer, since the test can be repeated on randomly selected bearings. No deflection
datais required.

Long Duration Load Test for Elastomeric Bearings

Dividon Il of the AASHTO Standard Specifications for Highway Bridges requires along duration
proof load test on a smal number of bearings, randomly sdected from any lot, which are desgned for
high stress gpplications. The test is conducted in the same way as the short-duration proof load test
except that the second load is maintained for 15 hours. If the load drops below 90 percent of its target
vaue during this time, the load must be increased to the target vaue and the test duration must be
increased by the period of time for which the load was below the required vaue. Any splits, cracking,
delamination, or improper placement of stedl plates results in rgjection of the lot of bearings. The long
duration load test isimportant because it will reved poor bond which is missed in the short duration load
test.



Tests to Verify Manufacturing of Special Components

Tests may be required to verify that some speciad components have been manufactured properly.
Examples are guides and their atachments for diding pot bearings, and durability tests on dements such
as sedsin pot bearings. The intent is to ensure that the finished bearing will behave as specified by the
designer. However, these tests differ from materias tests in that the item being verified is part of the
manufacturing process rather than amateria that isincorporated init.

Criteriafor such tests should be specified by the engineer, should be related as closely as possible to the
sarvice function of the component, and should be agreed upon with the manufacturer before production
starts.

PROTOTYPE TESTS

Mogt bearing problems in the field arise from the accumulation of many cycles of load and movemen.
Tedts that amulate field conditions are useful but are too expensive and time-consuming to be used as
qudity control tests. However, they provide an excdlent bass for evauating the suitability of a new
bearing system or creating a performance specification.

To accelerate the testing, use a smdler number of cycles than would occur during the design life of the
bearing dong with larger loads and displacements. It is seddom possble to provide an exact
equivaence between such atest and red field conditions. However, accelerated testing is vauable for
ranking the behavior of different sysems and for illuminating defects. Tests of this type can be used to
explore the effects of factors such as debris accumulation and contamination. Care must be taken to
avoid introducing new conditions in the test, such as devated temperatures caused by high speed
teding.

One such acelerated test program has been proposed for rotational elements. It was used on an
extensve series of tests on pot and spherica bearings. This test congsted of 5000 cycles of £0.02
radians rotetion at arate of approximately 1.5 cycles'min. The rotation limit was chosen because many
bearing systems are designed for a rotation capacity of +0.02 radians, so it represented a way of
applying the most severe movements possible without exceeding the design limits. The best available
evidence suggests that cyclic rotations in the order of +0.005 radians are more common for traffic
loading or temperature effects, but millions of cycles of rotation due to traffic loading and many
thousands of temperature cycles are possible. As areault, this test procedure was applied for 5000 or
10 000 cyclesto smulate a substantia service life.



Appendix B

Steel Reinforced Elastomeric Bearing
Design Spreadsheet and Examples

INTRODUCTION

This Appendix contains indructions and examples that illustrate the use of the included spreadshect titled
AISIBRGSXLS for designing rectangular sted-reinforced elastomeric bearings. The objective is to
achieve a design that satisfies the congraints of the AASHTO LRFD Specifications with the least effort
on the part of the engineer. The spreadsheet offers the advantages of dlowing aternative designsto be
assessed quickly to avoid tedious and potentialy error-prone numerica caculations.

USE OF SPREADSHEET

This Microsoft Excel spreadshect is largely sdf explanatory. Data must be entered in the outlined cells.
The equations used by the spreadsheet can be seen in Figures B-1aand B-1b. Alphabetic entries (e.g.
y or n) are not case-sendtive. The information given in this gopendix is generd in nature. Whenever
possible the designer should consult with a bearing manufacturer who is likely to supply the bearings
being designed to gather information on materid properties and fabrication practices. This information
will ensure the economy of the bearing design.

Input Data

In the section of the gpreadsheet marked “INPUT DATA”, the materiad properties and loads are
defined by the user. Variables are defined in Table B-A.

Care must be taken with the co-ordinates. Rotation is assumed to take place about only one axis,
which is defined as the y axis. In most bridges thiswill be the transverse axis. Buckling must eventudly
be checked for both directions, so0 the fixity againg trandation must be entered for both. 1n a bridge
that is fixed againgt longitudina and transverse movement a one end but free to expand at the other, the
fixed end will have trandation fixed for both the x and y directions. The expanson end will befixedin
the x direction and free to trandate in the y direction (the x-fixity arises because the bridge is fixed
againg longitudind trandation at the other end and it does not dtretch).



Variable

Unit

Description

Date

Cdl is formatted to accept Sx digit numericd entry corresponding to
HAHH## for date.

Job Title

Cdl isunformatted. Entry of any datais permissible.

Gmi n

Gmax

MPa

Minimum and maximum eastomer shear modulus. If the elastomer sdected
Is gpecified by hardness, enter minimum and maximum shear modulus values
into the appropriate cels. If the chosen dastomer is defined by shear

modulus, enter that Sngle value into both the minimum and maximum fieds.

Shear modulus values range from 0.55 to 1.25 MPa. A typica dastomer
with a55 Shore A Durometer hardness would have about a 0.7 to 0.9 MPaf
shear modulus range.

Elastomer materid property. This materia property is used to caculate the
effective modulus of the dastomer in compression. It is defined in NCHRP
report 248 and varies from about 0.9 to 0.5 as the Shore A Durometer
hardness varies from about 40 to 70. A value of 0.6 is suitable for most
bridge bearing dastomers.

MPa

Yidd drength of sted reinforcement. In generd, bearing manufacturers do
not use stedl reinforcement grades other than AASHTO M270 Grade 250,
F, = 250 MPa.

MPa

Fetigue limit gtress of sed reinforcement. As defined in Table 6.6.1.2.5-3
of the AASHTO LRFD Specifications, (DF)ty for sted reinforcement
layers without holes or discontinuitiesis 165 M Pa.

Thickness of eastomeric cover layer. This dimenson is used to cdculate
the totd height of the bearing. A typica cover of 3 mm isusudly gpplied.

kN

Service dead load.

kN

Sarvicelive load.

rotn.

rad

Rotation of girder at bearing concurrent with specified loads.

Ds

Shear displacement of bearing concurrent with specified loads.

Trans. fixed x?

Trandaion fixed in the x direction. The x direction is assumed dong the
longitudind axis of the bridge. Enter y if the bearing is fixed agangt
trandaion in thisdirection or n if the bearing is free to sway in this direction.

Trans. fixed y?

Trandation fixed in the y direction. They direction is assumed aong the
transverse axis of the bridge Enter y if the bearing is fixed agang
trandation in this direction or n if the bearing is free to sway in this direction.

Bearing Design

Table B-A: Descriptionsof Variablesfor “INPUT DATA”

In the section of the spreadsheet marked “BEARING DESIGN” the user defines the geometric
properties of the bearing through an interactive process. Variables are defined in Table B-B. The most
efficient bearing design is likely to be achieved by baancing Nia(comp) and Niay(uplift). Thetis using
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a bearing geometry that requires about the same number of internd eastomer layers to satisfy both the
combined compression and rotation limits of Eq. 2-7 and the uplift requirements of ether Eq. 2-10a or
Eq. 2-10b.

Variable Unit Description
L mm |Bearing dimengon perpendicular to rotation axis. Thisisin the assumed x
direction or dong the longitudind axis of the bridge.
W mm |Bearing dimengion pardld to rotation axis. The rotation axis is assumed to

be in the y direction or along the transverse axis of the bridge. In generd,
this dimension should be as large as practica to permit rotation about the
transverse axis and to dtabilize the girder during erection. However, the
bearing should be dightly narrower than the flange unless a Hiff sole plate is
used to insure uniform digtribution of compressive stress and strain over the
bearing area.

hyi mm |Thickness of a gngle internd eadomer layer.  Although a minimum
elastomer thickness of 3 mm is achievable by most manufacturers, typica
bearings have a layer thickness in the range of 6 to 15 mm. In generd, an
initid trid of a10 mm layer thicknessis used.

Niayers Number of interna elastomer layers. See discussion below.

hy mm |Thickness of ded renforcement layer.  Although a minimum ded
reinforcement thickness of 2 mm is achievable by most bearing
manufacturers, a 3 mm thickness or greater is preferred due to tolerance
control limitations during the fabrication process.

Table B-B: Descriptionsof Variablesfor “DESIGN BEARING”

Limiting vaues for each variable in question are reported on the left Sde of this spreadsheet section. In
some cases, more than one behaviord characteristic influences the variable, so more than one limit
exigs. For exanple, the number of dastomer layers is influenced by uplift, combined compression
shear and rotation, and stability in both the x and y directions. Some limits are upper bounds and some
are lower bounds.

The entry boxes on the right Sde of this sporeadsheet section are to be used by the designer to sdlect a
bearing parameter based on the reported limits. As each vaue is entered, the reported limits change
appropriately. A check (OK or NG) appears on the extreme right Sde. If some of the multiple limits
are mutudly exclusve, the design is impossible and the user must sdect a different vaue for one of the
earlier variables. For example, the number of layers may have to be less than 10 and greater than 20, in
which case a different layer thickness or plan dimension should be tried.

The four variables related to the elastomer layers are interdependent, and should be selected first. The
gted thicknessis independent of other variables and may be sdlected last.
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Summary

The section of the spreadsheet marked “SUMMARY” reports the find bearing properties. The
maximum shear force occurs at the design displacement. If the maximum shear force is unacceptably
large, it can be reduced by making the bearing thicker or by adding adider.

EXAMPLE 1: BEARING FOR TYPICAL LONG-SPAN BRIDGE

Same as example in Section 2.

Dead Load 2400 kN (540 kips)
Live Load 1200 kN (270 kips)
Longitudina Trandation 100 mm (4 in.)
Rotation 0.015 rad
Buckling fixed longitudindly
free transversdly
Elastomer 55 Shore A Durometer
0.690 MPa< G < 0.896 MPa
Sted! Fy =250 MPa

(DF)74= 165 MPa

Referring to Figure B-2a, initid plan dimensions of 475 x 725 mm are sdected to be dightly above the
absolute minimums. 1t is usudly beneficid to make the bearing as wide as possble (in the direction
pardld to the axis of rotation) because this aleviates potentia problems with uplift and combined stress
condraints.

The dastomer layer thickness is initidly assumed to be 10 mm in order to provide a high shape factor
and good compressive strength. However, as shown in Figure B-2a, the assumed thickness leads to
mutudly excusive limits on the number of layers, which must smultaneoudy be grester than 41.6 and
less than 40.5. Comparison of the vaues for combined stress and uplift points aut the problem. The
eagomer layers are reatively thin for this application and produce a high rotationd diffness which
induces uplift stresses and require a large number of layers to overcome.  Since the resstance to
combined gress is high, the need to minimize the rotationd stress by using a large number of layersis
not gppropriate. Thus the number of layersis controlled by uplift.

Increasing the layer thickness to 15 mm (near the maximum permissible), as seen in Figure B2b,
reverses the stuation making the combined stress limit control over the uplift limit. This occurs because
the compressive stress limit is lower when the layers are thicker and the shape factor is smdler, and the
uplift stresses induced by rotation are smdler. As stated earlier, the most efficient bearing islikely to be
achieved by balancing N, (comp) and N, (uplift). Thisis done by selecting 14 mm thick layers (see
Fgure B-2¢), in which case atotd of 17 internd layers will be needed. This number is smdl enough
that sability in both the x and y directions is dso assured. Theoreticaly 16 layers & 13.78 mm each
would be satisfactory, but controlling the layer thickness to +0.01 mm isimpractical.
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The sted reinforcement thickness is subject only to lower bounds and S0 can be sdlected without trid
and error.

It should be noted that the bearing was designed on the basis of elastomer hardness, in which case the
AASHTO LRFD Specifications require that the least favorable vaue of G be used for each caculation.
This provison exists because shear modulus and hardness are only loosdy correlated, yet shear
modulus is the property that controls design. If the materid is defined by its hardness, and the bearing
manufacturer provides the necessary test data, then economies can be redlized. This is shown by the
designin Figure B-2d.

EXAMPLE 2: BEARING FOR TYPICAL MEDIUM-SPAN BRIDGE

Dead Load 400 kN (90 kips)
Live Load 160 kN (36 kips)
Longitudina Trandation 15 mm (0.6 inches)
Rotation 0.01rad
Buckling fixed longitudindly
free transversdly
Elastomer: 55 Shore A Durometer
0.690 MPa< G < 0.896 MPa
Stedl Fy= 250 MPa

(DF)tH = 165 MPa

Two solutions, one with a 500 mm bearing width and one with a 250 mm bearing width, are shown in
Figures B-3a and B-3b respectively. In the first design, Figure B-3a, the engineer has a considerable
design latitude. The sdlected geometry uses a plan area near to the minimum acceptable with 6
elastomer layers. A design with alarger plan area, lower stresses and fewer layers (and so fewer sted
reinforcing layers) might prove more economica. |f the length becomes too short, rollover due to
longitudind displacement becomes possble. In this case the length is gill 9 times the estimated
longitudina displacement, so rollover is not a problem.

When the width is redricted to 250 mm, Figure B-3b, the bearing must become longer in order to
provide the necessary area.  Uplift and combined stress limits become active and rotation becomes
critical in the design, forcing the use of more layers. The resulting bearing is about twice the height and
weight of the 500 mm wide design.

B-5



e (2'0°'9/L'0=51§r$)dl= | ) quoaBis| g
- (S£8°L'9Z'Z'0=918r$)dI= | &) quoo bis[gg |
(99999999'0'L'0=G1$r$)dI= 284 17°'S |86
) . (99999999°L'Z'0=9L$r§)dl= 98} 11°S| 18
(L0 WA= L0 Ae= LLPIHO)E] = [EECIFEr.5T 0+ Ll [E+BTersl.6E8rsliLaT= (EZSr8/PTEMrs T+ LILHDE BTS¢ PErETEMr PR El= __‘.."_.En_mwu EG
(160 A =0LF A =BLOHOMI= | (WZM/ETr.G2°0+ La(Z +BT6I61.628M8NLT=| | (FTErS/ETIM6.C+ LILHDS.ET4r8)IETI/BTS $.FBE)=|  AMIgels|zg |
- He| zo| [1o 5
suoie|noaes | slejpeuuaiu| | g
_ Ll
| BF
— [
)
T
BEr+vEr=|= () | JyBiay il
] $Zr=|= {ww) | An 1]
gzr=|= ) g it
) | |
AHYVININNS T
. — ol3/ezr.8er.e- < )] 1 8y e
GLI/GT BT +E= |< - fww)| sy |ee
LE
(E90.E53)/(EG3 + GZ4re/Z1638) = |> I (-)| (Ageis) Ae| [ ag
(E5D.25d)/ (253 + ST4r4/T143%)=|> i-)| (% geis) Ae|| 5E
(627213, 9801/GZMLI/Z.(BZMIET L. ¥ LMW L8D =< (-)| (dwos) Aej|bE
ZABZMEZM) ¥ LM+ (SZI/BEZr.ELT) = < ] (-] (uudn) Aep | eE
- BZrGLIZ = |< (-) (sW) Aei N | 2E
LE
B - (Z13.550)/92r = |< (s ot
(Z13.¥532)/82Zr=< RIS RN [
B ((FZr+E2Z)«0EING 0u V2 ETM = | > {ww)| (MY 8z
(PZr+EEZr«BZING 0 FErLEZr= > (W) Ly iz
8z
ZEO'LL|> (edi) | ssans je1od |62
£2r/zz3= < e
- - - ¥Zrizza=|< B wwyy ez
S5Z3/LEZr«000L =< (7. Wwwj| eaie iz
4 3 a 3 ]

Figure B-1la: Spreadsheet Equations
B-6



£9£L0000°0 wiwij)j@ais suap] g |
) 841100000 wiwij)iseja suap| gg
= == ] 58
= | ¥6 |
i 1]
B - 28
] 15
1]
B
8y
. Ly
S ay
_ 5y
ZIr«E13.80000== (N} 80104 teays xew | py |
FEM«9°0= = {ww) |dsip Jeays xew | gy
(PErwOGI +6Ers LG = | = (N} WBiam| zy |
m
o¥
——— BEMLEEl= = {ww) 38y BE |
(WON. 0. '(6EIBEIIX VN = <BEMdI= L= {ww) s y 8t
| LE
9 |
S ~ SE |
) L13.Z+BIrLZEr= = {ww) |1y vE
L+ZEl= = {-)[swnys N £t
(WON. MO0, ((9EI:SEIININ > ZEr (PETZEAINVYIN = <ZErANY)EI= gl= (-) |s10he) N Zt
LE
i ) Pa?l3eZ+ LIELILE= = {ed) |23 ) [0 |
1o BZM)/G Qs PZLLEZL= = s |6z |
o (. ON. N0 (8Z3:LZIININ = >8ZrHI= gl= (ww)uy Bz
[Z
-  ZZMELr.000L= = {edw)[ss211s T 9z
- ZZr/LZC.000L= = {edW)[ss2as L E3
{.ON.' . N0. 'PZI= <PErMI= osz|= (ww) | pm vz
([.ON.'N0.'E23= <EZrHdI= osz|= (wwjq €2 |
) PIr«ELr=|= (g, ww) ease ezl
ELL+ZIr=[= (NA)[1L d 1z
¥ r I H 9

Figure B-1b: Spreadsheet Equations (Continued)

B-7



Elastomeric Bearing Design
using AASHTO LRFD Method Sl Units
Version 5.2 Metric

{Programmed by John Stanton & Charles Roeder, U. of Washington, 1995}

JUnits: mm, kN, MPa unlass noted otherwise
Co-ordinates: %, L are perp; y. W are parallel, to the rotn. axis. Usually W>L.
INPUT DATA
Data: 4/30/96
Joh Title: AlS| Example - Large Bearing
Gmin (MPa) =40.6890 P DL (kM) ={2400
Gmax (MPa) ={0.8986 P LL (kM) ={1200
k bar -} ={0.6 rotn. {rad} ={0.015
Fy (MPa) =4250 As (mm) =100
AFTH (MPa) =165 Trans. fixed x? (y/n) =y
h cover (mm) =13 Trans. fixed y? (y/n) n
BEARING DESIGN
IMax/min allowable Actual values
P TL (kN} = 3600
area (mm”~2) = 326323 agrea (mm~2) = 344375
L {mm) > 450.10 L {mm) =475 oK
W (mm) > B87.00 W {mm) =725 oK
total stress (MPa) < 11.03 TL stress (MPa) = 10.45
LL stress (MPa) = 3.48
hri (TL} {mm) < 15.79
hri(ll) (mm) < 18.94 hemm =10 Jok
| S(TL} () =9.09 S (-} = 14.35
S (LL} {-) > 7.58 Ec (MPa) = 666.82
N lay (As) (-) > 20.0 N layers (-) J52 Inc
M lay {uplift) (-) = 41.6 N shims (-} =43
N lay (comp) (-) > 16.5 hrt (mm) = 426
M lay (stab.x} (-} < 40.9
M lay (stab.y) () < 40.5
hs(TL) (mm) > 1.25 hsmm =2 ok
h s (LL} (mm) = 0.63 hst (mm) = 86
SUMMARY
L {mm} = 475 weight (N} = 4027
W (mm) = 725 max shear disp (mm) =213
height {mmy} =512 max shear force (kN) = 154

Figure B-2a: Large Bearing: Trial Design with 10 mm Elastometer Layers
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T
Elastomeric Bearing Design I
using AASHTO LRFD Method Sl Units
Version 5.2 Metric
(Programmed by John Stanton & Charles Roeder, U. of Washington, 1985)
Units: mrm, kN, MPa unless noted otherwise
Co-ordinates: %, L are perp: v, W are parallel, to the rotn. axis. Usually W=>L.
INPUT DATA
jDate: 4/30/96
Job Title: AlS| Example - Large Bearing
Gmin (MPa) ={0.690 P DL (kN) =1 2400
Gmax (MPa) ={0.896 P LL (kN} ={1200
k bar (-} ={0.6 rotn. (rad) ={0.015
Fy (MPa) ={250 As (mm) ={100
AFTH (MPa) ={1656 Trans. fixed x? (y/n) =y
h cover {mm) =13 Trans. fixed y? (y/n) =in
BEARING DESIGN
Max/min allowable Actual valuas
P TL (kN) = 3600
area (mm~2) = 326323 area (mm~2) = 344375
L {mm) > 450.10 L {mm) =475 OK
W (mm) = BB7.00 W (mm} =725 oK
total stress (MPa) < 11.03 TL stress (MPa) = 10.45
LL stress (MPa) = 3.48
hri (TL) {mm) < 15.79
hrifLL) (mm) < 18.94 heimm =16 Jok
S (TL) ) = 9.09 5 = 9.57
S{LL) (-} > 7.68 Ec (MPa) = 297.86 I
N lay (As) () >13.3 N layers {-) 'JK
1 N lay (uplift) (=) >12.3 M shims (-} =2
N lay (comp) (- >19.4 hrt {mm) = 306
N lay (stab.x} (-] =< 20.8
M lay (stab.y) (-} < 20.2
hs(TL (mm) > 1.88 hsmm 2ok
hs(LL) (mm) > 0.95 hst (mm) =42
| . TR
SUMMARY
1 L (mm) = 475 weight  (N) = 2364
W {mm) = 726 max shear disp (mm) = 153
height {mm) = 348 max shear force (kM) = 154
— S —— — —————

FigureB-2b: LargeBearing: Trial Design with 15mm Elastomer Layers
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Elastomeric Bearing Design
using AASHTO LRFD Method Sl Units
Version 5.2 Metric
(Programmed by John Stanton & Charles Roeder, U. of Washington, 1995)
Units: mm, kN, MPa unless noted otherwise
Co-ordinates: %, L are perp; vy, W are parallel, to the rotn. axis. Usually W>L.
INPUT DATA
Date: 4/30/96
Job Title: AIS| Example - Large Bearing
Gmin (MPa) =|0.690 P DL (kN) =(2400
Gmax (MPa) =]0.896 P LL (kM) ={1200
k bar () =0.6 rotn. {rad) =10.015
Fy (MPa) =250 As {mm) =100
AFTH (MPa) =] 165 Trans. fixed x? (y/n) =y
h cover {(mm) =3 Trans. fixed y? (y/n) =in
BEARING DESIGN
Max/min allowable Actual values I
P TL (kN) = 3600
area {(mm-~2) > 326323 area (mm~2) = 344375
L {mm) = 450.10 L {mmj} =|475 oK
W {mmj} = B87.00 W (mm) =725 oK
total stress (MPa) < 11.03 TL stress (MPa) = 10.45
LL stress (MPa) = 3.48
hri (TL}) (mm) < 15,79
hri(ll) (mm) < 18.94 himm =14 ok
S (TL) -} > 9.09 S {3 = 10.25
| S (LL) {-) = 7.68 Ec (MPa) = 341.53
N lay (as) (-) >14.3 N layers (-) OK
M lay (uplift) (-) = 16.2 M shims (-) =18
N lay {(comp) (-} = 16.3 hrt {mm) = 244
N lay (stab.x) (-} < 23.2
M lay (stab.y} (-) < 22.6
hs(TL (mm)  >1.76 hsmm =2 Jok
hsi(LL) (mm) = 0.89 hst {mm) = 36
S e ——e
SUMMARY
L {mm) = 475 weight  (N) = 1952
W (mmj} = 728 max shear disp (mm) =122
height {mm) = 280 max shear force (kN) = 154

Figure B-2c: LargeBearing: Final Design with 14mm Elastomer Layers
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Elastomeric Bearing Design
using AASHTO LRFD Method Sl Units

Version 5.2 Metric
(Programmed by John Stanton & Charles Roeder, U. of Washington, 1995]
Units: mm, kN, MPa unless noted otharwise
Co-ordinates: %, L are perp; vy, W are parallel, to the rotn. axis. Usually W>L.
INPUT DATA
Date: 4/30/96
Job Title: AlS| Example - Large Bearing
Gmin (MPa) =]0.800 P DL (kN) = 2400
Gmax (MPa) =10.800 P LL (kN) =11200
k bar (-) ={0.6 rotn. {rad) =10.015
Fy (MPa) =] 250 As (mm) ={100
AFTH (MPa) =|165 Trans. fixed x? (y/n) =y
h cover {(mm) =|3 Trans. fixed y? (y/n) ={n !
BEARING DESIGN
IHax_-'min allowable Actual values
P TL (kN) = 3600
area {mm~2) = 326323 area {(mm~2) = 344375
L {mm) > 450.10 L (mm) =1475 oK
W (mm) = 687.00 W (mm) =725 QK
total stress (MPa) < 11.03 TL stress (MPa) = 10.4b6
LL stress (MPa) = 3.48
hori (TL) {mm) < 18.30
hri(LL) (mm) < 21.96 hemm 145 Jok
S (TL) () > 7.84 S ) = 9.90
I S (LY (- > B.53 Ec (MPa) = 284.43
N lay (As) (-) > 13.8 N layers (-) Jia Jok
N lay {uplift}) (<) =12.2 N shims (- =15
M lay (comp) (-} = 10.9 hrt (mm) = 209
N lay (stab.x} (-) < 24.6
N lay (stab.y} (-) < 241
h s (TL) {(mm) > 1.82 h s (mm} oK
hs(LL) {mm) > 0.92 - hst {mm) = 30
SUMMARY
L {mm) = 475 weight  (N) = 1650
W (mm) = 725 max shear disp (mm) =106
height {mm) = 239 max shear force (kN) = 138

FigureB-2d: LargeBearing: Design Based on Specified Shear Modulus
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Elastomeric Bearing Design
using AASHTO LRFD Method SlI Units
Version 5.2 Metric
(Programmed by John Stanton & Charles Roeder, U. of Washington, 1995)
{Units: mm, kN, MPa unless noted otherwise
Co-ordinates: x, L are perp, y, W are parallel, to the rotn. axis. Usually WsL.
INPUT DATA
Date 4/30/986
Job Title: AlISI| Example - Medium Bearing.
Gmin (MPa) =|0.690 PDL (kN) =[400
Gmax (MPa) =]0.896 P LL (kN) =|160
'k bar (-) =10.6 rotn.(rad) =|0.01
Fy (MPa) =248 As (mm) =|15
AFTH (MPa) =|165 Trans. fixed x?(y/n) =|y
h cover{mm) =13 Trans. fixed y?y/n) =|n
BEARING DESIGN
Max/min allowable Actual values
P TL (kN) = 560
area (mm*2) > 50761.4 area (mmA2) = 62500
L (mm) > 101.523 L (mm) =[125 oK
W (mm) > 406.091 W (mm) =|500 oK
total stress (MPa) < 11.032 TL stress (MPa) = B.960
LL stress (MPa) = 2.560
hri(TL) {(mm) < 6.41741
hri(l) (mm) < 8.98437 hr(mm) =[6____ Jo
S (TL) (-) > 7.7913 S(-) = 8.333
S (LL) (-) > 5.56522 Ec (MPa) = 226.7
N lay (As) (-) > 5.0 N layers (-) = Jox
N lay (uplift) (-) = 3.6 N shims (-) =7
N lay (comp) (-) = 5.1 hrt (mm) =42
N lay (stab.x) (-) < 11.8
N lay (stab.y) (-) < 50.2
hs(TL) (mm) > 0.65032 hs(mm) =[i____ Jox
hs(LL) (mm) > 0.27927 hst (mm) =7
SUMMARY
L {mm} = 125 weight (N} = 65
W (mm) = 500 max shear disp (mm) = 21
height (mm = 49 =28

_max shear force (kN)

Figure B-3a: Medium Bearing: Final Design, Width = 500 mm
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Elastomeric Bearing Design

using AASHTO LRFD Method Sl Units

Version 5.2 Metric
|(Programmed by John Stanton & Charles Roeder, U. of Washington, 1995)

Units: mm, kN, MPa unless noted otherwise
Co-ordinates: x, L are perp; Yy, W are parallel, to the rotn. axis. Usually W>L.
INPUT DATA
Date 4/30/96
Job Title: AlS| Example - Medium Bearing.
Gmin (MPa) =|0.690 PDL (kN) =|400
Gmax (MPa) =|0.806 PLL (kN) =|160
k bar (-) =|0.6 rotn.(rad) =(0.01
Fy (MPa) =(248 As (mm) =15
AFTH (MPa) =165 Trans. fixed x%y/n) =|y
h cover(mm) =|3 Trans. fixed y?(y/n) =|n
BEARING DESIGN
Max/min allowable Actual values
P TL (kN) = 560
area (mmA2) > 50761.4 area (mm#2) = 62500
L (mm) > 203.046 L (mm) =|250 oK
W (mm) > 203.046 W (mm) =|250 OK
total stress (MPa) < 11.032 TL stress (MPa) = B.960

LL stress (MPa) = 2.560
hri(TL) (mm) < B.02176

hri(ll) (mm) < 11.2305 hrmm) =[f___JoK
S (TL) (-) > 7.7913 S (-) = 8.929
S (LL) (-) > 5.56522 Ec (MPa) = 259.8
N lay (As) (-) > 4.3 N layers(-) -lDI{
N lay (uplift) (-) > 11.4 N shims (-) =13
N lay (comp) (-) > 11.4 hrt (mm) = 90
N lay (stab.x) (-) < 28.4
N lay (stab.y) (-) < 14.2
hs(TL) (mm) > 0.75871 hs(mm) =[___ Jox
hs {LLUmm} > 0.32582 hst !mml =13
SUMMARY
L {mm)} = 250 weight (N} =129
W (mm) = 250 max shear disp (mm) = 45
hEiE.'.‘.l. {mm) =__1l 03 max shear force !kl‘«lz = 28 .

Figure B-3b: Medium Bearing: Final Design, Width = 250 mm
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