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 retio, 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 separatdy. 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 typicaly exhibit less friction againgt sted
than againgt concrete, especidly if the latter has been intentiondly left rough, so the sted-elastomer
interface is the likely location for potentia 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
verticd 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
gnce, 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 system. Mechanica bearings are dmost dways restrained against
uplift to prevent the bearing damage that might occur if components become misdigned. In elastomeric
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 srain 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 ingalation temperature is not a
mgor concern with flexible bearings, Snce dastomers are quite forgving of overly large deformations
that are infrequently gpplied. Only in extreme cases, are dasomeric bearings likey 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 Figure) 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 dso
prefer to shop weld this connection. Possible methods are discussed under "Erection Issues' at the end
of this section.
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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 relative 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 |oad, a separate guide system
may be used to resist laterd load, asillustrated in Figure 11-3.3. The advantage of this gpproach is that
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 expansion. 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 expanson, 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 giffness, but the bearing must il 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 is too 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 I1-3.5, 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 syslems 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 condderable 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 posshility 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 adso 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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a) Internal guide b) External guide

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
lateral 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 pardld 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 tota 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

Desgning 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 at 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 mechanicd bearings that
require maintenance. Therefore the need for replacement of dl or part of the bearing sysem must be
consdered in the design. 1t should be emphasized that designing for potentiad replacement should not,
and normaly does nat, require the addition of expendve 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 dternative 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 nomind 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 tagpped 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 sgnificant 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 sress. The eastomeric bearing design provisons in the AASHTO
LRFD Specificaions(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. Thered 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 ingdlation 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 approach 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 aready in place should sgnificantly 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 capable 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 mgjor 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 identical 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 stress 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
cydes 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 firsd 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 ddliver 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 sted 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 smal 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 tiffness 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 crydalization and low temperature giffness tests, the diffness a the test
temperature cannot exceed 4 times the stiffness noted at room temperature.

Low temperature testing isimportant only for bearings to be used in colder climatesin 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.

Divison 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 adso be used to test it.

The test provides vaduable information since any ingtances of poor dimensond 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 sddom possible to provide an exact
equivaence between such atest and red field conditions. However, accelerated testing is valuable 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 cagpacity 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 aresult, 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 largdy 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 spreadsheet 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, so the fixity againgt 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
HiHH## 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 fields.
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 calculate 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 ged 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 dimendon 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
trandation 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 Nja(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 dimension 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 stabilize 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 drain 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 gsed
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 spreadsheet section are to be used by the designer to select 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 dress 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 compressve stress limit is lower when the layers are thicker and the shape factor is smdler, and the
uplift stresses induced by rotation are smadler. 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 sdected 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 sdected 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 economical. |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 digplacement, 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.
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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}

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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