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16 ABSTRACT

The results of a series of physical tests conducted on full size
elastomeric bridge bearing pads are presented., Various shapes and
sizes of pads up to seven square feet in plan area and 5 inches in
thickness were subjected, to compressive, cycling, creep, translation,
rotation, and ultimate strength tests. .Test conditions were selected
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pads much over one inch in thickness because of its relative flexibility
and tendency to creep substantially under sustained loads. Compressive
stress/strain data is presented for pads with shape factors up to 15.0.
Shear modulus data is presented for various sizes of pads and angles

of translation. Data from creep and cycling tests simulating dead load
and live load conditions demonstrate the desirability of steel or
fiberglass reinforced pads.

i

; The report includes recommended design data, basic elements of current
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research.
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INTRODUCTION

Elastomeric pads were first used as bridge bearings.in the

United States in the late 1950's largely due to the need to

find a satisfactory bearing device to accommodate the rela-
tively severe end rotation and translation associated with
prestressed concrete structures and to utilize a more economical
and maintenance free bearing concept than those used previously.
At that time the Staté of California initiated a resea#ch project
titled "Laboratory and Field Performance of Elastomeric Bridge
Bearing Pads"{(]l) to establish design guidélines and specifica-
tions for these pads. That study revealed that neoprene pads
reinforced at 1/2 inch intervals with steel sheet or polyester
fabric performed very satisfactorily in the bridges constructed
during that period. The polyester fabric became the most commonly
used reinforcement in California since it was less expensive than
the steel because large pads could be fabricated, stockpiled, and
then, sliced into custom sizes upon demand. Steel reinforced
pads must be individually fabricated to the desired size because
of the necessity to cover the edges of the steel with elastomer

for corrosion protection.
During the 1960's the use of prestressed concrete bridges

became more common and ﬁypical span lengths became longer due

to the designer's interest in economy, safety, and aesthetics.
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http://www.fastio.com/

wiw fastio.com



http://www.fastio.com/

i3

ClibPDF -

www . fastio.com

E. F. Nordlin, et al ' ' 3

Consequerntly, the bearing pads became larger in both plan areé
and thidkhess to accommodate the increased loads, traﬁslaﬁiOns,
and rotations. As pad sizes increased, construction personnel
began to notice pad deflections that were considerably different
than those anticipated. At that time pad deflections were
predicted on the basis of tests performed on reiatively small
pads. Design data such as that published by E. I. duPont de
Nemours and Company(2) was extrapolated to estimate the behavior
of the pads being used, When it became apparent that extrapola-
tion of data from small pads would not assure satisfactory
performance of large pads, this research project was initiated
to evaluate the physical characteristics of full size bearing
pads, and to modify the pertinent specifications and design

criteria if necessary.

The objective of this research was to evaluate the performance
of full size bearing pads under test conditions which simulate
the physical environment they ére subjected to in actual field
use. Various shapes and sizes of pads up to seven square feet
in plan area and 5 inches in thickness were subjected to com~
pressive, cycling, creep, translation, rotation, and ultimate
strength tests, Typiéal pads consisted of 55 durometer
neoprene reinforced at 1/2 inch intervals with steel, polyester,

or fiberglass reinforcement.
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This report is a condensed version of Reference 3 which presents

a more. detailed description of the research effort described

herein.
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CONCLUSIONS

The following conclusions are based upon laboratory tésting at
approximately f0°F., and apply to pads fabricated in accordance
with the California specifications presented in the Reference 3.

Among the requirements of these specifications are: 55 + 5

durometer hardness (ASTM D1149, Type A); reinforcement at

1/2 + 1/8 inch intervals; 20 gage mild steel reinforcement or
fabric reinforcement possessing a minimum ultimate tensile
strength of 700 pounds per inch at top and bottom of pad and

1400 pounds per inch within the pad.

Polyester Reinforced Pads

1. The compressive deflection of polyester reinforced pads

is difficult to predict accurately because:

a. The magnitude of deflections is much greater than
that of steel or fiberglass reinforced pads because of the

relative tensile flexibility of the polyester fabric.

b, The compressive stiffness decreases as the overall

pad thickness increases,

www . fastio.com
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c. The compressive creep under sustained dead load
stresses is two to three times that of steel or fiberglass

relnforced pads because of the creep of the polyester fabric.

d. Compressive deflections due to live load cycling

tend to remain in the pad after the live load is removed.

2. The translation and ultimate strength properties of

polyester relnforced pads are very 51m11ar 0 those of fiber-

glass relnforced pads.

Fiberglass Reinferced and Steel Reinfdrced Pads

1. The compre531ve deflectlons of fiberglass or steel rein-

forced pads can be rellably predlcted within the normal range

of constructlon tolerances.

2. The compre551ve stlffness of fiberglass or steel reinforced

pads is not 51gn1flcantly dependent on the overall pad thickness.

3. The compressive creep of fiberglass or steel reinforced
pads under sustained dead load stresses is approximately 25

percent of initial deflection after ten years of service.

ClihPD wwwLfastio.com
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4. Compressive deflections of fiberglass or steel reinforced
pads due to live load cycling tend to diminish after the live
load is removed. - - ,

.
5. The ultimate compressive strength of fiberglass or steel
reinforced pads is more than 1600 psi. ' The mode of failure is

fabric tearing or steel yielding.

6. Under a nominal compressive load of 800 psi, fiberglass
or steel reinforced pads may be subjected to rotational forces
until the compreésive strain at an extreme edge is zero with-

out damaging the pad.

7. The shear modulus of fiberglass or steel reinforced pads
is approximately 100 psi at 70°F. This value is not signi-
ficanﬁly dependent on pad size, shape, skew angle, or

compressive stress.

www . fastio.com
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RECOMMENDATIONS

1. Polyester reinforced pads over one inch in thickness should
not be used in bridge bearings because of the difficulty in pre-

dicting compressive deflection.

2. For pad thicknesses normally used in bridge construction,
steel or fiberglass reinforced pads should be specified in

accordance with the specifications presented in Reference 3.

3. Compressive deflections for steel or fiberglass reinforced
pads should be predicted using Figure 1. The accuracy of these
curves is considered to be well within the range of normal con-
struction'tole;ances. If long term compressive creep is to be
included in the prediction, the values obtained from Figure 1
should be increased by 25 percent. For special situations
whefe extreme accuracy is desirgd, sgmple pads should be tested

to determine the stress/strain behavior of each lot of pads.

4, Further research is.needed to improve specifications and
test methods used to assure the quality of bridge bearing pads.
Based on field performance to date, currert Epecifications and
test methods reSqlt in high gquality padd, Hut these reguire-

ments vary consi@erably throughout the nation; some tests are

ClihPDF - wiww.laslio.com
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difficult and/or expensive to perform; and in some cases, the
requirements may be unnecessarily conservative and restrictive. .
Research is needed to develop simple, inexpensive test methods

which are related to performance requirements.

5. If further research is contemplated for large bearing
pads, careful consideration must be given to test method
details. Recommendations regarding such details are included

in Reference 3.

Recémmenaafions 1 and 2 were implemented by the California
Department of Trapsportatidn, CALTRANS, in late l972 by way
of a'revised SPecification.. Since that time, there have
been no reports of adverse performance of fiberglass |

reinforced paas.

L2

oy
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TECHNICAL.DISCUSSION

General Discussion of Testing Program

The basic objective of this research was to evaluate the

' physical_qharacteristics of elastomeric bridge bearing pads

commonly used in highway construction under loading conditions
whicyfﬁimulaté their in-service environmént. The overall paa
dimenéiéﬁé Qere sélected to re?resent the range of sizes to

be expected in modern bridge constructionf Pads were purchased
out of production runs from several manufacturers and complied
with all_tﬁevségcifigations presented in Reference 3 which

substantially affect ﬁhe physical properties.

The material properties which were most pertinent to the

physical properties are listed below:

1. The sole polymer in the elastomeric compound was neoprene

and said polymer was at least 60 percent by volume of the total

‘compound.

2. The Shore durometer hardness (Type A} was 55 + 5.

3. The reinforcement was at 1/2 + 1/8 inch intervals.
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4. The steel reinforcement was 20 gage mild steel.

5. The fabric reinforcement was single ply at the top and

bottom surfaces of the pads, and double ply within the pads.

6. Each ply of fabric reinforcement possessed a breaking

strength of at least 700 pounds per inch.

For the reader who is' interested in more detailed information
on any particular test pad, the pad details are listed in
Reference 3. All tests were run at a temperature of approxi-

mately 70°F.

Compressive Stress/Strain Behavior
Test Procedure

Accurate prediction of the déflection of a bearing pad under

compressive loads is necessary in order to assure that the

L7

bridge deck elevations on either side of an expansion joint

will match within reasonable tolerance. Therefore, a large

*]

number of compressive tests were performed on paas with
various reinforcement, overall dimensions, and shape factor

to determine the compressive stress/strain behavior,

ClibPDF - www .fastio.com
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Shépe factor is a commonly usédhﬁaraméter which is used to
predict compressive stress/strain behavior and is defined
as the loaded area dividea;by the total free area(g,i). In
| other words, for a pad of Widthq'w, length, 1, and distance
pgtween~1ayers of reihforcemgﬁt, t, the shape factor, sf,
would be: - . . ‘ ; |

gf = wl__ : | |

2E(wHly

Compressive stfess/Stfain tests were performed on pads
possessing shape facﬁdrs fromlabout 3 to 15. 1In order to
minimize the cost oflpufchésiﬁg pads, larger pads were first
tested and thenICut into smaller pads for subsequent tests.

The typical testing and-cutting sequence is illustrated in

- Figure 2.

Figure 3 illustrates the test‘set-ﬁp for pads whose greatest
.dimension was larger than 24 inches. For these large pads

the Cl1l2x30 steel channels were needed to distribute the load
'uniformly to the pad.. The compositg‘concrete and steel plates
shown in Figure 3 were fabricated to provide a relatively rigid
bearing against the test'pads while simulating the Ffrictional
chéracteristics betﬁeen concrete and pads in an actual
installation. The concrete was heavily reinforced and attached
‘to the steel plates by shear connectors. The testing machine
used in all tests was a 1,000,000 pound capacity, electro-
hydraulic, universal testing machine with a remote console for

programming loading schedules.

ClihPDE - wiwww fastio.com
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For pads whose greatest dimension Waé iess thanllo ihches,

deflections were measured by a linear variable differential
. transformer which is an integral part of the testing machine,
For larger pads, deflection was measured by a minimum of four
dial gages, reading'to the nearest 0,001 inch. Deflections
were typibally read at several intervals up to 100 psi and
then at intervals of 100 psi for the remainder of the test.
The smaller intervals were used to define the lower portion
of the stress/strain curve, particularly to define the point

of zero stress and zero strain.

Test Results

Figure 4 illuStfates the substantial difference between the
compressive stress/strain characteristics of polyester_rein~
forced pads versus stéel or fibergiass reinforced pads.
Regardless of shape factor or stress level, the polyester
reinforced pads undergo more strain than equivaiént steel

or fiberglass reinforced pads. This characteristic makes

them less desirable than steel or fiberglass reinforced pads

w3}

when a relatively thick pad is needed for an expansion joint.

Because of their relative tensile flexibility, wvariations

£y

in dead load or the pad's stress/strain curve from that

expected can yield relatively large unexpected deflections.

ClibPDF - www .fastio.com
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Figures 5 and 6 éreéént the compressive strésé/strain curves
obtained from sfeel and fiberglass reinfqréed pads with shape
factors ranging from 3 to 15. Regardless OF shape factor,
the compressive stress/strain characteristics of fiberglass
reinforced pads are very similar to steel reinforced pads up
to compressive stress levels of 1000 psi. Under these stress
conditions the tensile stiffnesé of the fiberglass fabric is

comparable-to the 20 gage steel sheet.
Development of Recommended Stress/St:ain Curves

In order to convert the data Such as that shown in Figures 5
and 6 into usable form for design purposes, a technique
employed by the Battelle researchers was selected(4). At
various‘compréSSive stress levels, the values of compressive
strain are plotted veréus shape factor on a log-~log plot.
Straight lines are fitted to this data and appropriate wvalues
froﬁ these straight lines are plotted to establish stress
vefsus strain curves for various shape factors. Figure 7
illustrates_the conmpressive strain versus shape factor curve
at 800 psi. The straight line in this figure was used with
others at other stress levels to establish the recommended

stress/strain curves of Figure 1.

- wwwyfastio.com
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By Studyinngigure 7 one can see that the steel reinforgéd.

pads tend to be slightly stiffer in compression than fiberglass
reinforced pads but not substantially stiffexr. Therefore, to
simplify design procedures, a single set of compressive Stress/
strain curves are recommended to represent both steel and fiber-

glass reinforced pads.

Figure .7 .also illustrates, via the data scatter, the amount

of wvariation oﬁe might expect between the predicted compressive
deflection and the actual @efiection obtained, This data
indicates that for most installations this Variaﬁion would

not be critical. For instance, if tﬁe-variation from predicted
strain was one percent for.a 5 inch thick pad, the variation

in pad deflection would be onlj 0.05 inch - not a substantial

amount in light of normal construction tolerances.

Effect of Pad Thickness on Compressive Stress/Strain Behavior

Test Procedure

The structural system of a reinforced elastomeric bearing pad
is such that as the overall pad thickness is increased, the .
compressive stiffness of the pad tends to decrease although

the shape factor is held constant. This tendency increases

www . fastio.com
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" as the tensile stiffnéss of the reinforcement decreases as

illustratéé in Figure 8. Thé”more fléxible the reinforcement,
the more the pad bulges laterally with resultant increase in
compressive deflection. This characteristic in itself ié nﬁt
undesirable as long as the depéndency'of compressive strain
upon pad thickness is quantified such that compressive deflec-
tions could be accurately predicted. Laboratory testing by
California and others has revealed éhat fhe compressive strain
of polyester réinforced pads is significantly dependént on the

overall ‘pad’thickness(4). ‘

Early in this reséarc¢h project, a testing program was planned
to guantify this effect of thickness on polyester reinforced
pads. ‘As it Became apparent that polyester reinforced pads

would no longer be ﬁséd in thicknesses exceeding one inch, this

- testing program was abandoned, and the emphasis was shifted

. i
to assuring that the compressive strain of fiberglass or steel
reinforced pads was not significantly depehdent upon overall
. B . .

pad thickness.

Pads with varying owverall thicknessess were loaded in compres-
sion as described earlier. The different thicknesses were
achieved by successively stacking identical'pads on top of
each other. 'The pads were considered identical since they

were cut from the same original larger pad.
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Test Resiilts

Figure 9 illustrates the substantial effect overall pad
thickress has on the éompressive stress/strain behavior of
polyester reinforced pads. No effort has been made to quantify
this effect because it appears that such pads will not.be uséd

in thicknesses exceeding one inch.

Figure 9 also shows that the compreésive stress/strain behavior
of fiberglass or steel reinforced pads is not significantly
dependent upon overall pad thickness. Therefore, the recom-
mended compressive stress/strain curves of Figure 1 apply to
all fiberglass or steel reinforced pads.regardless of bverall

pad thickness,

For a bridge beating pad tb creep excessively under susﬁained
compressive loads would be highly undesirable because of the
resulting differential elevation of the two sidés of the expan-
sion joint, i.e. - a bump in the roadway-which would vary in
magnitude as long as the bearing pad continued to creep.
Therefore, several test pads were subjected to compressive
loading conditions simnlating sustained dead load and repetitive

live load to assess the amount pf creeﬁ to be expected.
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Cﬁrrent CALTRANS design praCtice limits the nominal compreséive
stress on a pad to 800 psi due to dead load, live load, and
impact load. For'testing purposes a dead load stress of 575

to 600 psi was.selecﬁed to represent typical dead load stresses
in a bridge pgaring pad. Test pads were subjected to these
streés iévels using the compressive test apparatus deécribed
eariiér. fhe test machine was set to automaticaliy hold a
constant load throughout the test. Compressive deflections
were recorded versus time and creep was defined as the increase
in déflgqtioh with time divided by the initial deflection when
the pa§ was first loaded(4). The dead load was sustained on
the tesé:éadslfor peribds up to several days or until it

appeared that creep was progressing at a very slow rate.

Followingrthe static creep'tests, the compressive stress was
cycled from the simulated dead load stfess to 800 psi to
simulate a 1ivé load environment. The testing machine auto-
matica}ly controlled the sawtooth function at a rate of 100
cyclesrper hpur. After 200 cycles the compressive stress was
returned to the dead load stress level and the pad deflection
was measured to determine the amount of strain caused by the
simulated live loading. The compressiverstress was then held
at the dead load stress level to determine whether or not the

pad would tend to recover from the strain caused by the live

ClIFPDE = wivw aslio.com
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loading. The test was terminated when the data indicated

whether or not this recovery was occurring,

A few pads were also subjected to static creep tests at 1000
psi to assure that current design practice possessed a factor-

of safety against excessive creep.

Test Results

Creep test results are summarized in Figure 10. This figure
ciearly_illustrates the unsatisfactory performance of polyester
reinforced pads relative to the performance of fiberglass or
steel reinforced pads. The creep of polyester reinforced pads
can exeeed 30 percent of their initial deflection after 24 hours
under.dead load conditions while the corresponding creep for

fiberglass and steel reinforced pads is approximately 10 percent.

Fiéure 10 also illustrates the relative performance of different
reinfercementlmaterials under simulated live load conditions.
Although all pads experienced creep due to the 200 cycles of
live ioad, the fiberglass reinforced and steel reinforced pads
teﬁded to recover from this dynamic creep when the load was
rerurned to the dead load condition while the polyester rein-

forced pads failed to make this recovery. This indicates

www . fastio.com
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that over a long period of service that the deflection of
polyester reinforced pads would tend to increase due to creep

caused by live 1oads.

Figure 11 presents data from creep tests on a logarithmic scale
in order to make long term projections of dreep. This figure
again illustrates the undesirable creep characteristics of
polyester reinforced pads, and also supplies an estimate of
creep after a number of years, Based on this data, creep of
about 20 perdent would be realized after ten years of sustained
dead load'on'fiberglass or steel reinforced pads. This is in
agreement with the DuPont ten year test data which indicates
creeb of 25 percent after ten years(2). Therefore, current
California design criteria which estimate creep to be 25

percent over the lifetime of a bridge appear to be reasonable.

Curves similar to Figﬁre 11 were also established to estimate.
the creep of fiberglass reiﬁforced and steel reinforced pads
under a static load of 1000 psi. As would be expected the
creep at 1000'951 tends to be higher than that at_600 psi but
it is not considered excessive. This indicates that éteel or
fiberglass reinforced pads designed for ﬁead load stresses of
approximately 600 psi possess a substantial factor of safety

against excessive creep.

ClibPD www . fastio.com
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Ultimate Strength in Compression
Test Procedure

Current CALTRANS design practice limits the nominal compressive
stress tb 800 psi. In order to estimate the factor of safety
against pad failure in compression, several pads were subjected
to ultimate strength'tests. Because of the 1,000,000 pound
capacity of the testing machine, the size of the test pads were

limited.

The pads were loaded and data acquired as described earlier
for compressive tests except that the load was increased in

100 psi increments until the péd had failed or yielded.

Test Results

Figure 12 presents the stress/strain curves for £ypica1 ultimate
strength tests. At a compressive stress level of 2400 to 2800
psi in the steel reinforced pads the slopes of the curves
decreased indicating that the steel reinforcement was yvield-
ing. Based on the theoretical equations of Rejcha, the tensile
stress in the 20 gage mild steel reinforcement is about 36,000

psi at this compressive stress level(5). After yielding; the

www . fastio.com
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'pads could carry much more lecad although their compressive
stiffness was substantially diminished. The yielded shape
of reinforced pads was such that the maximum amount of bulging

was at the center of the long side of the pad. Inspection

of such pads indicated that no loss of bond between the

elastomer. and the steel reinforcemeht occurred until the

compressive stress exceeded 4000 psi. -

Figure 12 also presents the stress/strain curves for fiberglass
reinforced pads. At a compressive étress level of 1700 to 1900
psi the sound of tearing fabric was heard and the pads could
carry no’ further increase in load. According to the Rejcha
equations the theoretical tensile load in each ply of the

fiberglass reinforcement at this point is about 450 pounds

per inch(é). The ultimate tensile strength of each ply of
fiberglass in the test pads was about 700 pohnds per inch
as determined by a unidirectional tensile test. Based on
.inspection of the center layer of fiberglass following
ultimate strength tests, it appears that tearing initiates
at the geometric center of the pad and progresses outward
toward one edge. Following this initial tear, the pad
becomes, in effect, two smaller pads which attempt to
carry the imposed load. These two smaller pads in turn

tear resulting in a cross-hatched pattern. Following the

ClIhPDE “ v [aslio cori


http://www.fastio.com/

E. F. Nordlin, et al s o 23

ultimate strength tests, there was no appearance of loss of

bond between the elastomer and the fiberglass reinforcement.

Figqure 12 also presents a stress/strain curve for a éolyester
reinforced pad. The pad behaved very much like the fiber-
glass reinforced pads except for the obvious difference in
compressive stiffness. As with the fiberglass reinforced
pads, failure occurred suddenly and was well defined at

about 2000 psi compression.

Based on these tests, one can see that fiberglass or steel
reinforced pads possess a substantial factor of safety against
compressive failure when'designed for a compressive stress of

800 psi.

Compression and Rotation

Test Procedure

Although current design criteria limit the maximum nominal

"y

compressive stress to 800 psi, local compressive stresses

can be substantially higher due to the amount of rotation

>y

allowed. To simulate extreme conditions of compression
combined with rotation, a series of tests were performed on
fiberglass and steel reinforced pads under the conditions

illustrated in Figure 13.
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These COnEifions ﬁere achieved by moving the test pad off the
centerline of thé testing machine and allowing the gimbal joint
of the testing machine to accommddate the rotation. The test
apparatis was tﬁe same as that diséussed earlier for compres-
sion tests, but no deflectioné were measured. The amount of
eccentricity was increased until a feeler gage could be placed
between the loading plate and the top surfaée of the pad at

one edge while applying a nominal compressive load of 800 psi.
Under this.condition, the opposite edge is undergoing the
maximum compressive strain to be expected in an actual

installation.
Test Results

As expected the pad edge under maximum cdmpressive strain,
bulged considerably. This area was closely inspected

visually but there was no appearance of any pad failure.

After releasing the loaé, the pads always returned to their
original shape. This indicates that fiberglass and steel
reinforced pads can accept the maximum rotations allowed by
current design criteria without damage to the pad. CALTRANS
design criteria limit the amount of rotatién by requiring that

b _
bearing be maintained throughout the plan area of a pad.
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To determine the distribution of compressive stresses experi-

mentally would require extensive instrumentation and testing.
Although the above tests shéw that the pads are capable of
sﬁstaining large rotations without failure, designers are
encouraged to minimize rotational stresses by specifying

thé smallest pad width possible within the limits of the

particular application.

Compression and Translation

Test Procedure

Cuirent_CALTRANS design criteria forlbearing pads limit the
amount of lateral translation to 1/2 the pad thickness while
using a shear modulus value, G, of 135 psi to cémpute lateral
loads. The shear modulus, G, is defined as the éhear stress

times the ratioc of pad thickness over pad translation.

These same criteria are used regardless of the size or shape
of the pad, skew angle, compressive stress, or type of reiﬁ—
forcement. The skew angle is defined as the angle between
the direction of translation and the axis of the péd running
across the pad width. A series of combined compression

and translation tests were performed to determine whether or

25
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not variations in these parameters had any substantial effect
on the shear modulus, vertical deflection, or overall pad

behavior. Translation tests were also performed on pads which
were stacked on top each other to determine if such pads could

be translated without slippage between the pads.

The test apparatus used for the combined compression and
translation.tests is illustrated in Figure 1l4. The one-inch
thick steel plate was sandwiched between itwo identical test
specimens and a compressive stress of 400, 600, or 800 psi
was applied via the concrete and steel plates. The testing
machine was set such that the compressive load remained con-
stant throughdut-the'translation test. Horizontal loads were
applied by a 120,000 pound capacity hydraulic jack through a
rather complex ap@aratus which is best illustrated by the
photographs presented in Reference 3. 1In order to keep the
two concrete and steel plates parallel throughout the trans-
lation tests, braces were placed between these plates and
the testing machine after the cbmpressive load had been
applied. The horizontal loads were measured by a strain
gage load cell mounted on the hydraulic jack and the
horizontal deflections were measured by two dial gages
mounted to read relative deflection between the one-inch

steel plate and the concrete and steel plates.
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After applying the compressive load, translation was applied
in increments. of ten percent of prad thickness. At eaéh
increment the vertical load and horizontal load and deflection
were measured as quickly as possible - within 30 secoﬁds of

obtaining the desired translation. The maximum translation

for most of the tests was 100 percent of the pad thicknéss.

Because the shear modulus is highiy dependent upon the hardness
of the‘ﬁeopreﬁe, the pads used for these tests possessed almost
identical hardness. The shore durometer hardness of the steel
reinforced pads was 53 while that of the fiberglass reinforced

pads was 54,
Test Results

Ore of the obviocus visual differences between steel and fabric
reinforced ‘pads when translated laterally is illustrated in
Figure 15. The fabric reinforced pads tend to curl at their
edges and actually separate from the loading plates at trans-
lations between 25 and 50 percent of pad thickness. TField
service of fabric reinforced pads has not shown this phenomenon
to be detrimental. Because of the bending stiffness of the
steel sheet, the steel reinforced pads do not curl at their

edges until the translation exceeds the design maximum of
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one-half the pad thickness. Such behavior might be detrimental
under cyclic conditions where the steel wbuld-be bent back and

forth beyond its yield point.

Figure 16 compares tﬁe shear stress/strain behavior.of steel
reinforced pads versus fiberglass reinforced pads, and also
illustrates tvpical data points cobtained in thé tranélation
tests. It dan be seen that there is no significant difference
between the shear moduli of steel or fiberglass reinforced pads.
Figures 17 and 18 show thaﬁ this is true regardless of size

or shape of the pad, skew arngle, or compressive stress.

Eigure 17 illustrates the effect of varying the compressive
stress on the shear modulus. The shear modulus values pre-
sented represent the shear stress required to translate the
pad 100 percent of its thickness. This figure shows that the
shear modulus is not significantly dependent on the magnitude
of compressive stress. Visual observation of the pads during
these tests‘revealed no difference in physical behavior due

to differences in compreSsive stress.
Figure 18 illustrates the effect of varying the skew angle on

the shear modulus. This figure shows that the skew angle does

not significantly affect the shear modulus. As expected, the
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corners of the pads tend to curl more as the skew angle is
increased to 45 degrees, but this curling does not damage the

pad.

In all the translation tests described above; the highest value
of shear modulus obtained was 109 psi while the lowest was 95
psi. This indicates that the shear modulus of 135 psi used

to predict iateral loads is adequate regardless of size or
shape of the pad, skew angle, compressive stress, or type of

reinforcement.

In all the translation tests, the vertical deflection was
monitored to determine whether the translation would result
in any significant vertical deflection. The vertical deflec-
tions measured at translations of 50 percent of pad thickness
were small enough to be gonsidered'insignificant. For example,
the largest compressive strain realized was 0.31 percent for
an 8" x 16" steel reinforced pad. For a four-inch thick pad,
this would amount to an 0.0l inch deflection - not enocugh to
be concerned ébout in normal bridge construction.

One other parameter was investigated during the translation
tests -~ that of stacking individual pads on top each 6ther.

At a translation of about 25 percent of the pad thickness,
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the pads began to slip at their intérface. Despite a compres-
sive stfess of 400 psi, the friction between the pads was not
high enough to prevent slippage. This indicates that pads
which are stacked to form a thicker pad must be bonded

together to assure that the pad remain intact throughout

its service 1life,
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