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ABSTRACT 

Elastomeric bearing pads of five different materials with shape fac­

tors ranging from one to six were subjected to a series of three specific tests 

to determine and compare their respective load-deformation characteristics. 

Compression-deflection tests were conducted to determine short-time load­

deflection responses for solid pads and laminated pads placed between bearing 

surfaces of concrete-and-concrete, concrete-and-stee I, and stee·l-and-steel. 

Additional vertical deflections due to creep in the pad material subjected to 

a constant static compressive stress were measured over periods ranging from 

one to three weeks. Investigations were made to determine the effects of 

repetitive reversed horizontal shear forces acting on a· bearing pad while loaded 

under a constant vertical compressive stress. An objective comparison was made 

of the materials tested. Recommendations for a design procedure using curves 

from the experimental data are outlined. Recommendations are made for future 

research . 

.. 
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A COMPARATIVE STUDY OF ELASTOMERIC MATER�ALS 

FOR BRIDGE BEARING PADS 

CHAPTER I 

INTRODUCTION 

1. l General 

In recent years elastomeric materials have received considerable atten­

tion from bridge designers throughout the world. Their interest was generated 

by the development of a material with the engineering properties of "structura I 

strength, together with flexibility, durability, versatility of form, and resistance 

to abrasion and· to the destructive action of certain liquids and gases. 11 (14) 

These mechanical properties can vary widely depending on the compound of the 

elastomeric material. Many of these elastomers appear to be well suited for 

use as a structural bearing. However, the material used primarily for such bear­

ings has been neoprene. Neoprene has been widely accepted as an excellent 

engineering bearing material following over thirty years of laboratory testing 

and applications in the field. 

The deformation and behavior of elastomeric bridge bearing pads are 

largely influenced by service loads and bridge conditions. While only a limited 

amount of information has been accumulated pertaining to the problems peculiar 



2 

.. 

to elastomeric bridge bearings, research literature concerned with the general 

behavior of elastomers is voluminous and of long standing . However, this past 

research has contributed little information for the use of elastomeric bearing 

pads, and present knowledge has advanced primarily by empiricism. 

Several new elastomeric materials are now being produced which have 

engineering properties comparable to, and in some cases superior to neoprene. 

However, very limited data are available which would indicate that these mate­

rials will function satisfactorily as bridge bearing pads. The limited number of 

researchers have avoided the testing of the newer elastomers, while investigating 

the specialized problems of elastomeric bearings made of neoprene. However, a 

limited number of studies have induded some of the newer e lastomers in conjunc­

tion with the primary investigation of neoprene. Therefore, comparative studies 

of the behavior of various elastomeric materials used for bearing pads are needed. 

The use of elastomeric bearing pads appears to be of importance in 

view of the economic advantages to be gained by the use of these pads versus 

the use of the generally more expensive conventional pedestals and shoes, rollers, 

sliding plates, and fixed bearings. These economic advantages are generally due 

to the lower cost of elastomeric materials, ease of placement and positioning, 

and the elimination of lubrication, cleaning, painting, and replacement of bear­

ing devices. In addition, some of the less obvious advantages are: the small 

size of bearing pads; the even distrib tion of loads to irregular contact surfaces; 

dampening of vibrations and a cushioning effect of the impact of moving loads 

(similar to a shock absorber) (25) which produces smoother riding qualities. (15) 
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1.2 Terminology 

The following basic 'definitions for elastomeric materials which are used 

in this paper are generally accepted by the rubber industry and persons associated 

in this field. (3) 

Abrasion Resistance. The ability of an elastomeric specimen to with­

stand mechanic action - such as rubbing, scraping, or erosion - which progress­

ively tends to remove material from its surface. 

Adhesion of Rubber to Metal. The strength of a bond formed between 

a metal surface and a rubber compound. 

Aging. A progressive change in the chemical and physical properties 

of rubber usually marked by cracking and deterioration. 

Anti cracking Agent. A material which prevents or retards cracking 

, in rubber vulcanizates in dynamic and static exposures. 

Bonded Pads. Elastomeric bearing shape:i made by glueing steel plates 

to the top and bottom bearing surfaces with an epoxy adhesive (Figure 1 .5). 

Compression-Deflection Characteristics. If a compressive force acts on 

rubber which is free to be displaced in any direction, it will undergo elastic de­

formation, storing up its applied energy and returning most of it when the force 

has been removed. The tests for compression-deflection characteristics constitute 

one kind of compression stiffness measurement. ASTM Method D 575 (b) requires 

that a specified compressive force be placed on a test pad and the resulting de­

flection should be measured and recorded. The parameters most generally plotted 

are applied stress versus deflection (thickness), percent. 
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Compression Set. The permanent decrease in a pad thickness measured 

30 minutes after removal from a loading device, ASTM Method D 395. 

Compression Stress. For elastomeric bearing pad, the calculated stress 

using the nominal unloaded bearing surface area. 

Creep, Drift, or Strain Relaxation. The characteristic of elastomers to 

continue to deform after the initial short-time deformation resulting from a con­

stant load. In this paper initial deflection is the amount of vertical deflection 

determined from compression-deflection tests. Time versus deflection and percent 

of initial deflection are plotted. 

Cycle. The total movement of a pad from the initial compressed posi­

tion to the forward deflection, back to center, to the backward deflection, and 

back to center (Figure 1. 1). 

Elastic Limit. The limiting stress to which a body may be deformed 

and return to its original shape after the force causing deformation has been re­

moved. E lastomers have no real elastic limit and therefore receive some amount 

of 1 
1 set 11 due to loading. 

Elastomere. Any rubber, synthetic rubber, or rubber-like material that 

wi II return to approximately its original shape with time after remova I of exter­

nal compression or tensile forces. 

Epoxy. An adhesive compound consisting of an epoxy resin and a 

hardening agent. It is used to bond steel plates on opposite faces of elastomeric 

pads. 

Fatigue. The molecular weakening of an elastic material resulting from 

repetitive shears or stresses. 
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GR-S . Government Rubber-Styrene used during World War I I .  

Flexinge. The procedure of applying repetitive horizontal force cycles 

to an e lastomeri c pad . See also Cycle . 

Hardnesse. The relative resistance of rubber to the indention of a 

blunt point impressed on its surfacee. The several methods being used are: ASTM 

Method D 314, D 531, D 6 76. ASTM Method D 676 was used to determine hard-

ness values in this study . 

Hooke's Lawe. The capacity of a material to undergo strains that are 

directly proportiona I to the applied stress . E las tome rs do not ordinarily obey 

Hooke's Law because there is not a constant relationship between stress and straine. 

Laminated Padse. Elastomeric bearing shapes made by rubber fabricators 

by bonding steel plates to solid pads in multiple layers (Figure 1.4) . 

Shape Factore. The shape factor of an elastomeric pad has been deter-

mined by Kimmi ch (11), of Goodyear Tire & Rubber Company, to be a significant 

parameter that influences the magnitude of vertical deflections resulting from 

applied stresses. Shope factor is the ratio of the nominal areas of one unloaded 

bearing surface to all nonrestrained surfaces that are free to expand laterally 

(Figure 1 . 2) .  I t  can be calculated using Equation (1-1). 

S . F. = LW (1-1)2(L+W ) eT 

where: S. F. = shape factor 
L = length of pad in inches 

w = width of pad in inches 
T = nominal or initial thickness of pad in inches 

Shear Modulus . The ratio of the shearing stress to strain . 
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Directions of horizontal 
beam movements. 

wI• 

\ \ I 

Figure 1. 1 Horizonta I displacement eye le of a pad due to temperature differen­
tial (rotations neglected). 

1.-•---W ·I 

Figure 1. 2 Basic dimensions used in calculations of the shape factor of a pad. 
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Figure 1. 3 Solid pads. Figure 1.4 Laminated pads. 

Figure 1.5 Bonded pads. Figure 1.6 Assembly of all test pads. 
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Shearing Stress. Shearing stresses are developed by the application 

of an external force which causes two parts of a body to slide relative to each 

other in a direction parallel to their plane of contact. It can be expressed by 

Equation (l-2). 

p ( 1-2) S = __L_W__ 

where: S = shearing stress 
P = load in pounds

L and W = see Equation 1- 1 

Shore Hardness. The hardness value obtained by using a Shore Duro-

meter, Type A-2 for ASTM Method D 676. It is a relative value on a scale 

of 100. 

Solid Pads. Elastomeric bearing shapes comprised of a homogeneous 

materia I (Figure l. 3). 

Strain. The deflection resulting from an applied force expressed as 

a percentage of original thickness. 

Stress, Force per unit of original unloaded cross-sectional area. 

Elastomeric Materials Tested 

Butyl Rubber. A copolymer of isobutylene and isoprene. 

Chlorobutyl. A chlorinated modification of the basic butyl rubber 

structure, 

E PT. Ethylene-propylene terpolymer. 

Hypalon. A ch lorosu lfonated polyethylene. 

Neoprene. Synthetic rubber made by polymerizing 2-chloro-l, 3-

butadiene. 
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1e.e3 Brief Historical Review 

E lastomeric pads have been used for bridge bearing devices beginning 

shortly after World War I I . The first elastomeric bridge bearing pads were used 

in France in the late 1940s. (6. 1) Neoprene was selected for use as a load-

transfer bearing device because of its proven serviceability as a covering for 

telephone linese. Neoprene was first introduced in 1932 by the E. I. duPont de 

Nemours & Co . ( Inc.). Since its introduction thousands of bridges constructed 

with prestressed concrete beams have incorporated neoprene bearing pads because 

of the problems encountered in the seating of this type of beame. 

I n  more recent years, e lastomeri c pads have been placed as supports 

for railway and highway bridges throughout the world. DuPont has reported (S .  1): 

Among the most notable  st ructures bui I t  with Neoprene 
bearings are: the Pensacola Bay Breidge in Florida; all the bridges 
on the Van Wyck Expressway extension bui It to serve the New York 
World 's  Fair; more than 300 bridges on the Autostrada system in Italy; 
the two-mile Champlain Bridge across the St. Lawrence River at 
Montreal; the Viaduc, an elevated expressway in Brussels, Belgium; 
grade separation bridges on highways in the Swiss Alps; . • .  Recently, 
the Connecticut River bridge at East Haddam, Connecticut , was re­
paired, with Neoprene pads replacing worn out rollers under the two 
fixed spans, one of them 326 feet long. 

Among al I the thousands of bridges bui I t  with Neoprene 
bearings, there has not been a sing le reported failure, or even a 
complaint. 

Considerable economic sav i ngs were reported ( 15) with the use of 

13,e728 separate neoprene bearing devices in the construction of the Chesapeake 

Bay Bridge-Tunnel Crossing . This single item produced a saving in cost of over 

$ 0 . 5  million over the original estimate of slightly over $ 1  million for mechani-

cal shoes and rollerse. 

I n  this country, the highway departments of Ca l ifornia, Florida, 
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Louisiana, New Hampshire, North Dakota, Oklahoma, Pennsylvania, Rhode 

I sland , and Texas are just a few of those presently using elastomeric bearing · 

pads. (Figures 1 . 7  through 1. 10) Many other states are considering the use of 

these pads . 

Past history of the successful use of neoprene bearing pads resulted 

in the adoption of the 196 1 AASHO Standard Specifications for Highway 

Bridges Art . 1 . 6  . 47 - Expansion Bearings. Part (d) ( 1) states: 1 1 The pads sha 1 1  

" be of the compound known as neoprene,e. . A proposed revision of 

March 1, 196 5, de letetl the word neoprene in addition to other changes which 

would make it possible to use numerous elastomers that complye· with the materials 

specification. This complete Proposed AASHO Specification on Expansion Bear­

ings is included in Appendix A .  However, due to the state of the knowledge, 

this proposed change was not accepted at the Spring 1966 meeting of the AASHO 

Expansion Bearing Sub Committee. 

1 . 4  Summary of Previous Research 

Reports of eight test programs have been made in this country since 

1958 . In addition, several reports of German research have been made in 

recent years .  Numerous test methods were used in  each program. The scope 

of the tests \Was quite varied . The parameters studied included: ( 1) compression­

deflection characteristics, (2) shear-deflections, (3) static creep, (4) dynamic 

creep, (5) stress concentrations, (6) temperature, (7) repetitive loadings, (8) hole 

effects, and (9) bearing surface conditions . Due to the nature of the specific 

studies, various techniques were employed by different researcherse. These tech-
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Figure 1. 7 Figure 1. 8 

Figure 1. 9 Figure 1. 10 

Neoprene bearing pads used with prestressed girders. 
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niques will be d iscussed i n  more deta i l  (Secti on 1 . 8 ) .  

1 . 5  Objectives for this  Study 

The principal reason for this  s tudy is the lack of experimental data 

needed by designers to ascertain  whether vari ous elastomeric materials are sui t­

able for use as bridge bearing pads . At present, neoprene has been the subject 

of most research, while very I i  ttle rnformat ion has been pubI ished about other 

elastomers. Several materials are now ava ilable which appear to have excellent 

mechanical and weathering properties .  Therefore, the primary considera tion for 

this  s tudy was a laboratory evaluation of the relative performances of di fferent 

elastomers for use as bridge bearing pads . Finally, an important cons iderat ion 

of th is  study was to develop design criteria for bea ring pads made from the 

materia Is studied. 

1 .  6 Scope 

The scope of this study was l imi ted to the following: 

l .  A I I  tests were conducted at room temperatures . 

2 .  Butyl, chlorobutyl, E PT, hypalon, and neoprene were the mate:­

rials under study . All pad samples had a nominal shore hardness of 60 . Repre­

sentative standard test results for these materials are included in  Append ix D .  

3 ,  Compress ion-deflection characterist ics were determined . 

(a ) Sol id, laminated, and bonded pads of each mater ial were 

used (F igure 1 .6) . 

(b) Al I materia Is were tested between bearing surfaces of con­

crete-and-concrete (C-C), steel-and-steel (S-5), and concrete-
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and-steel (C-S) . 

(c) Shape factors ranging from one to six were investigated. 

4. Static creep characteristics were determined during a period of 

three weeks and one wee k for solid pads and bonded pads respectively. 

(a) Only pads with a shape factor ( S .F . )  of 1. 5 were tested. 

(b) C-S and S-S bearing surfaces were used for each pad. 

5. Determinations were made due to the effects of repetitive reversed 

horizontal forces with a sustained constant vertical stress of 5 00 psi on 6 x 1 2  

inch pads. 

As mentioned above the materials for study were butyl, chlorobutyl, 

EPT, hypalon, and neoprene. Samples of butyl rubber were received gratis and 

were included in most of the tests . Since there was some variation between butyl 

and the four other materials in relat ion to type, number, and size of pads, gen­

eral comments in this paper refer to the other four materials. Special comments 

about differences between butyl and the other four materials wi I I  be held to a 

minimum. Results of the tests on butyl wi I I  be presented where avai !able. 

1.7 Materials for Testing 

The materials for testing included chlorobutyl, EPT, hypalon, and neo­

prene. Three types of pads (solid, bonded, and laminated) of each material 

were studied. 

Although dimensions of elastomeric pads vary widely, the following pro­

cedure was used to determine representative test specimens. All solid pads were 

to be one inch thic k, and the lengths were to be twice the width-where the 
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width of the pad is generally placed parallel to the longitudinal axis of the 

member being supported . Figu re 1 .  1 1  was plotted for one inch pads using 

Equation (1-3) which is obtained from Equation (1- 1 ). 

= 2 L Te(S.eF . )W ( l  -3)(L-2 T (S. F.)) 

Each material was labeled according to material, shape factor, and pad number 

and these designations are listed in Table 1 .  1. 

Material S.  F.  Specimen Number Nominal Size 
(in .e). 

Chlorobutyl - C 1 1  and 1 2  3x6xel 

E PT - E 1 . 5  2 1  and 22 4. 5x9x l 

Hypalon - H 2 3 1 , 32, 33, and 34 6x 12x l  

Neoprene - N 2 . 5  4 1  and 42 7. 5x 1 5x l  

Butyl - B 3 5 1  and 52 9x l 8x l  

3. 33 6 1  and 62 1 0x20x l 

Laminated Only 5 L-2 6x l 2x2 

6 L-3 9xe18x3 

Table 1 .  1 Materials, shape factors, specimen number, and nominal size of pads 

tested in th is study. 

Actual pad measurements are included in Appendix B. Measu rements 

of the length, width , and thickness· were made of each pad with a steel rule 

graduated to 0. 0 1  inche. These measu rements were obtained on both surfaces and 

the four faces and averaged to the nearest 0. 0 1  inch. T he hardness value was 
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Figure 1 .  1 1  Length, width, and shape factor graph for one inch pads . 
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determined by means of a Shore A-2 durometer , A minimum of five readings 

was· tak'en af different points on each surface to determine an average hardness 

value, The maximum instantaneous value was read to the nearest whole number. 

Hardness values on the same untested pad usually varied less than three units. 

The effects of loading generally reduced hardness values, and greater hardness 

variations occurred on opposite bearing surfaces. 

The number of laminated pads was limited to eight due to their higher 

cost. Pads with nominal dimensions of 6 x 1 2  x 2 in , and 9 x 18 x 3 in. with 

three (Figure l. 12) and four laminations respectively were selected and ordered. 

The pads received were incorrectly fabricated with three (Figure l. 13) and four 

steel plates at even spaces instead of three and four laminations as ordered. 

Although the outside layers were somewhat thicker than the thickness generally 

used, the pads were considered as fully laminated in this study .e. It will be 

shown that the discrepancy due to this assumption appears to be negligible. 

After compression-deflection characteristics had been determined for 

all solid pads, approximately one-half of these pads were used to make 

bonded pads. An epoxy adhesive was applied to each roughened surface of two 

gage 11 steel plates which were bonded to each bearing surface of the solid 

pad . This unit was held under load for a curing time of two days . Although 

the bonded pads were assembled in the laboratory, these pads are quite similar 

in principle to the laminated pads molded by rubber fabricators. This bonding 

restrains the lateral movement of the bearing surface of the pad. 
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Figure 1. 12 Typical laminated pad normally used in practice . 
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Figure 1 .e13 Laminated test pad used for this stu�y. 



1 . 8 Previous Research 

A great number of tests of elastomers used for many engineering pur­

poses has provided much information about the general),engineering properties 

and characteristics of numerous elastomeric materials. However, published test 

results concerning prob lems peculiar to elastomeric bridge bearing pads are quite 

limited. This stems from the fact that interest has only rece!ntly developed to­

ward this particu lar use of elastomers . 

Pare and Keiner ( 16, 2 1 ) , early investigators concerned with the appli­

cations of elastomers for bridge be'3rl ng pads, studied the responses of numerous 

neoprene samples . An extensive number of tests were conducted in  a study that 

included ( 1 )  vertical deflection under compressive loads, (2) horizontal and ver­

tical deflection u nder combined compressive and shear loads, (3) creep effects 

due to static and dynamic loads, and (4) shape and hardness effects . Vertical 

deflections were found to increase inversely with hardness values, time u nder 

sustained loads, and dynamic shear loads . I t  is of interest to note that the 

authors discovered that shearing forces produced edge disturbances and a tend­

ency for the pad to " ro 1e1 1  if the width of pad was less than four times the 

thickness . 

Oze I I  and Diniz (20) have reported tests on neoprene pads conduct-

ed at the University of Florida of repeated shear loads with simultaneous com­

pressive loads . Load-deformation characteristics of twenty-one pads were deter­

mined before and after repetitive shear loadings were conducted . Fatigue 

characteristics were determined from the resu lts of nume rous non-reversed 

repetitive shear cycles ranging from 35, 000 to 1 , 090, 000 at the rate of 1 20 cpme. 
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The side cracks in nine test pads illustrated the damaging effects of shear forces 

on neoprene bearing ,pads, however, the pads were not unserviceable . 

Fairbanks (8) ,  in research for his Master's thesis at Texas A & M 

University, studied the behavior of neoprene bearing pads which supported steel 

beamse. This investigation was concerned with the stresses induced in the beam 

and the neoprene pad due to the combined effects of a vertica l reaction, beam 

rotation, and horizonta l movements of the beam. Fairbanks reported that perma­

nent deformations occurred in the beam f langes without bearing stiffeners , and 

higher beam stresses were developed when supported on thicker pads . I ncrease 

in the effects of beam rotation at the support produced non-uniform bearing 

pressures, and when the pad was as small as 1/2 and 1/4 inch in thickness the 

back edge of the flange did not remain in contact with the pad . Therefore, 

the author suggested the use of a minimum thickness of 3/4 inch pads for bear­

ings, but he did .not specify drny maximum thic kness since this is usually con­

trol led by the shape factor. 

An unpublished report (9) by the General Tire & Rubber Company 

deals specifica lly with laminated rubber bridge bearing pads . Compression­

def lection characteristics, shear deflections, compressive creep, shear stress 

relaxation, and shear fatigue investigations were conducted at normal and low 

temperatures . A somewhat unique stu�y was made regarding fatigue effects on 

samp les containing holes that are positioned on pins for correct a lignment on 

abutments . Severael side cracks in test pads were noted, but due to the limited 

number of tests, the investigator did not conclude the r.easons for these cracks . 
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Clark and Mou ltrop (5) reported the effects of simulated ag i ng and 

load-deformation at low temperatures. Their investigation essentially followed 

the procedure of the work done by Pare and Keiner, but was extended to in­

clude butyl and chlorobutyl in addition to neoprene. The authors pointed out 

that although 11all three bearing materials displayed the same dynamic and 

static creep properties! ', butyl and chlorobutyl were significantly more flexible 

than neoprene at low temperatures. 

Enjay Laboratories (7) conducted a limited study of shear forces and 

deflections due to the effects of ambient temperature ranging from 78e° 
F to 

-50e° 
F. The butyl and neoprene samples exhibited a considerable increase in 

shear stiffness with decreasing temperatures. However, butyl pads stiffened con­

siderably less than neoprene pads • 
., 

Nachtrab and Davidson (18)  report investigations made at the Pennsyl­

vania Department of Highways of load-deflection responses of test pads subj ected 

to simultaneous compressive and shear loads . Testing rate, degree of strain, and 

previous deformat ion history of the sample were found to be significant param­

eters . The authors showed that the current straight line definition of shear 

modulus for elastomeric materials is not applicable. 

Suter and Collins (24) have conducted one of the most extensive series 

of tests to date. This study was concerned with the effects of ( 1 )  load­

deformation, (2) dynamic shear and vertica I compression, (3) dynamic creep, 

and (4) temperatures. Test samples were neoprene, butyl and urethanee. The 

most significant conclusion of this investigation was the absence of detrimenta I 

effects, fatigue, or any physical changes that would seriously affect the service­

ability of these pads under actual service conditions. 



CHAPTER I I  

COMPRESSI ON-DE FLECTION TESTS 

2 .  1 General 

Compression-deflection characteristics were determined by applying 

loads which were uniform ly distributed over the bearing surfaces. Significant 

parameters of this study which influence the behavior of e lastomeric pads are 

the composition of the materia l ,  shape factor, type of bearing surface, and 

Ieve I of compressive stress. The inf luences of these parameters are compared 

in Chapter V. 

2.e2 Test Equipment 

The compressive loading force was applied with a 200 kip universa l 

testing machine (Figure 2. 1). At the outset of the research program the ma­

chine was ca librated by a factory representative, and the calibration was 

checked periodica lly during the test program with an eight SR-4 strain gage 

self compensating (temperature and bending) load ceel l  and a hand operated 

hydraulic jack. Consequent ly, a three way static check was marntained. 

The bearing bl ocks (Figure 2. 2) were designed to uti l ize the p latens 

of the testing machine. These bearing blocks were alternated using stee l or 

concrete depending on the surface condition being studied . I n  those cases 

2 1  
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Figure 2 . e1 200 kip universal testing machine used 
for compression-deflection testse. 

Figure 2 . 2  Concrete bearing block connected testing 
machine . Test pad and di a I gages in 
typical positione. 
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, 
where the lower surfaces were steel, the lower platen of the test machine was 

used . The connection joining the upper block and test ing machine was designed 

for easy installation, adjustment, and centering. 

Deflections due to compressive forces were measured to the nearest 

0. 00 1 inch wi th four dial gages (Figure 2. 2). They were bolted to brackets on 

the upper bearing blocks and posi tioned two each on opposi te s ides near the 

corners. The deflection range of these gages is 0.e001 to 1.e000 inch. The 

brackets were positioned in elevation to measure deflection of one inch thick  

pads. S'pacer blocks of  one and two inches were supplemented to measure de-

flections of two and three inch pads, respect ively. 

2. 3 Test Procedure 

Before actual test ing was begun, calculations were made to determine 

loads which correspond to stresses ranging from 100 to 1000 psi in increments of 

100 psi. Nominal dimens ions of each size pad were used in these calculations. 

These load values were marked on the glass face of the load indicator of the test ing 

machine with a grease pencil to insure that the correct load ·was reade.during each. test. 

The test pad was centrically posi tioned on the lower bearing surface. The 

upper bearing was lowered onto the pad and an init i al stress of 10 psi was applied. 

This initial 10 psi was disregarded and not included in the net stress. All four 

deflection gages and the load indicator were then adjusted to a zero reading. A 

near constant rate of stressing was selected and ad justed such that each pad was 

loaded from zero to 1000 psi in approximately two minutes. As each 1 00 ps r 

increment of load was reached, all deflection gages were read simultaneously. An 
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average of the four def lection values was taken to be the deflection for each 

stress leve l. The maximum stress leve l of 1 000 psi was he ld for times ranging 

from one to ten minutes . T he pad was then unl oaded with l oads and def lections 

being recorded in the same manner as for the loading procedure. Measurements 

of each pad were taken after the specimen had been unl oaded for approximate ly 

fifteen minutes. 

A s l ig ht variation of this test procedure was used for pads tested 

between C-C and S-S. An initiael stress of 20 psi was applied on the pads and 

on ly the deflection gages were zeroed. These tests were conducted during the 

earlier stages of the program. 

2 . e4 Presentation and Discussion of Test Results 

An index of the parameters studied in the static tests is shown in 

Figure 2. 3 .  The physica l dimensions and hardness values of each pad before 

and after testing are listed in Appendix B. 

Materia l Buty l, Ch lorobuty l,  E PT, Hypo Ion, Neoprene 

Pad Type Soli�nded 

!l'\ I I 
Bearing Surface c-c c-s s-s c-s s-s 

\1( _L _l_ 
Shape Factor 1, 1 . 5, 2, 2 . 5, 3, 3. 33 5 and 6 1, 1. 5, 2, 3 

Figure 2. 3 Compression-deflection test parameters 

Compression stress va lues were based on the nominael area of the pad, 

https://1.5,2,2.5,3,3.33
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and def lect ion (T) ,  % was ca l cu la ted us ing the nom i na l  pad th i ckness . 

T he curves produced from compressi on-def lec t ion tests fo r bonded and 

lami nated pads (F igures 2 .4 through 2 . 8) were of the genera l form that was ant ic­

i pated . H oweve r, the obse rvat ions of tests conducted w i th  S-S ,  C-C, and C-S 

qu i te often y ie lded dissim i la r  resu l ts (F igures 2 . 9  th rough 2 . 22) . 

Resu lts were large l y  i nf l uenced by the rate of load app l i cat ion, and 

l a rge variat ions of data were often recorded for pads of the some materi a l ,  S .  F . , 

hardness , and bearing surfaces . The cu rves of F igu res 2 . 9  t h rough 2 . 22 were 

not h igh ly  reproduc i b le ,  but are i ntended on l y  to show the genera l · response 

of beari ng pads between the su rfaces of C-S C-C, and S -S . 

F igures 2 . 23 and 2 . 24 show the typ ica l  response of a so l id pad before 

load i ng and i n  a loaded cond i t ion .  The latera l expansion of the pad can be 

obse rved due to this  vert i ca l  load . I n  F igure 2 . 25 the typi ca l  response of a 

lami nated pad i n  the stressed cond i tion is shown .  Lam i nated pads do not noti ce­

a b ly expand late ra l l y  but bu lge s l ight ly  between lam inati ons . T hese pad edges 

were observed to 1 1  ro l l 1 1  away from the bearing su rfaces w i th i nc reas ing loads . 
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F i gu re 2 . 23 Butyl pad (6 x 1 2  i nch) uncompressed (top) . 

F igu re 2 . 24 

F igu re 2 . 25 Lami nated ch lorobuty l pad under 1000 ps i 
compress i on st ress . 



CHAPTER Ill 

STAT I C C REEP TESTS 

3 . l1 Ge ne ra l 

Stat i c  creep characte ris t i cs were determ ined by ma i nta i n i ng a uni ­

form beari ng stress of 500 ps i u nt il the add i t i ona l  de flect i ons a ppea red to be 

neg l i gi b l e .  Bonded pads and sol i d  pads of 1. 5 S .  F .  we re he ld at th i s s t ress 

l eve l for one week and three weeks respect ive l y . T he s u rface effects of C -S ,  

S -S, and bond i ng were e ach i nvest igated a nd compared . 

3 . 2 Test Equ i pme nt 

T he l oad i ng frame (F i gu re 3 .  1) measured 22 x 15 x 23 i n .  for the 

outs i de d imens i ons . Four d ia l gages mou nted on the uppe r  p laten we re used to 

measure ve rti ca l def lecti ons . A 100 ki p hydra u l i c  jack,  hand pump, and l oad 

gage wi th mi n imum d iv is i ons of 2 ki ps were used for l oad i ng .  The equ i pme nt 

(F i gure 4 .  1 )  desc ri bed in Sect i on  4 . 2  was a ls o  ut ilized for s tat i c c reep tests . 

3 . 3 Test Procedure 

E ac h  pad was cent rica l l y pos i t ioned on the l owe r p late n .  The upper 

p late n was ad justed to be para I l e i  to the pad su rface, and an i ni ti a l  l oad corre­

spond ing to a pad stress of 10 psi was a pp l ied .  The l oad i nd icator a nd each 

deflect i on gage was ad j u sted to a ze ro readi ng thu s  d isrega rdi ng the sma l l  

46 
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Figu re 3 .  1 S tat i c c reep tes t equ i pment. 

F igu re 3 . 2  Bu l gi ng s i des of bonded pad unde r l oad .  
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amount :of i n iti a l  s t ress a nd def lect i ons . The t i me was recorded , and the tota l 

l oad was app l ied i n  one m inute a t  a n  approxi mate l y  u n i form rote . The hydrau l i c  

hand pump was consta nt l y  attended du ri ng the fo l  l ow i ng 15  m inu tes t o  mai ntai n 

a nea r constant  pad s t ress of 500 psil . Def lect ion read i ngs were take n  at  1 ,  2 ,  

3 ,  5 ,  7,  10, 15  m i nu tes after the i n i t i a l  l oad had bee n  app l ied . Deflect ion 

occurri ng afte r the fi rs t 1 5  m i n u tes of l oad i ng was at a much s l ower  rate . 

He nce,  constant attendance was not  necessary,  and l oads and defl ect i on we re 

chec ked period ic a l l y  dur i ng the fi rst 24 hou rs .  For the rema in i ng test per iod,  

dail y  m i nor l oad ad j ustme nts we re made a nd defl ect i ons  were recorded . 

3 . 4  P resentat i on of Tes t Resu l ts 

A n  i ndex to the paramete rs stud ied i s  show n  i n  F i gu re 3 . 2 .  

Mate ri a l  Bu ty l , Ch lo robuty l ,  E PT ,  Hypa l on,  Neop rene 

Shape Factor 5 

A 

/ 

I
Pad Type So l id �ed 

Beari ng Su rface s -s c-s s -s 

F igu re 3 .  3 S ta t ic creep tes t  parame ters 

T est resu l ts a re reported in 

ti on,  

f l ec t ion data (F igures 3 .4 th rou gh 3. 1 1 ) .  

Bonded pads exh i bi ted cons iderab l y  l ess defl ect i on than  e i ther  pads 

terms of def l ec t ion (T ) ,  %, perc e nt of i n i ti a l defl ec-

and t ime w i th the  i n i t i a l  def lec t ion  va l ues determ ined from compress i on-de-
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be tween C - S  o r  S-S . A l though pods between C-S def lected less tha n  pads 

betwee n  S-S dur i ng the fi rst few days unde r l oad , it was observed that the 

fi na l de fl e c ti o n  was a pproxi mate l y  the same rega rd l ess of the beari ng su rface . 

I nc reases of ve rtica l  deflect ions we re neg lig i ble a t  the term i nat ion of 

the test. Varia b l e  hyd ra u l i c  p ressures  due to da ily tempe rature changes often 

caused defl ect i on f l uctuat i on more tha n the deflect i ons due to c reep i n  the ma­

te ria l a nd did not warra n t  the cont i n uati on of the test for a longer t i me pe r iod . 

It shou l d  be noted the test for the c h lorobuty l pad was te rmi nated when the pad 

w idth exceeded the beari ng su rface w id th .  



CHAPTE R I V  

REPETI T IVE REVE RSED  SHEA R  TEST S  

4 .  1 Gene ra l  

One of the pr i ma ry a reas of i nte res t rega rd i ng the uses of e las to­

meri c bear i ng pads i s  the effects  of hor izonta l shea r  forces resu l ti ng from bridge 

g i rde r moveme nts {primar i rl y  due to tempera tu re c hanges ) . Repeated reve rsed 

horizon ta l shea r  forces we re app l i ed to 6 x 1 2  i nch pads wh ile ma i nta i n i ng a 

near constant ve rt i c a l stress of 500 ps i o n  the pads . So l i d  a nd lam inated pads 

we re i nd iv i du a l l y sub jected to constan t  reve rsed hor i zonta l defl ect i ons equa l ling 

one-ha l f the n om ina l pad th ickness . These repe t i tive  force a pp l i ca t i ons caused 

a n  

i n  a bras i ve wear i ng of the pad . 

i nc rease i n  ve rt ica l deflect i ons . I n add it i on, th i s  repeated flex i ng resu l ted 

T hese  effects w i  I I  be d i scussed l ate r i n  more 

deta i  I .  

4 . 2  Test Equ i pment 

4 .  2 .  1 load i ng Frame 

Whi rl e  des i g n i ng the  l oad i ng frame exte ns ive refere nce was made to 

the p la ns of a s imila r  dev i ce  des i g ned a nd bu i I t  by the Materi a I s  a nd Researc h  

Depa rtment ,  Ca l i forni a Divi s i on of H i ghways . H oweve r, reports of a ny tests 

c ondu cted by the Mate ri a l s  a nd Resea rch  Depa rtment  have not bee n pub lished . 

58 
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Fi gu re 4 .  l Load i n g  frame a nd i nstrumentat i on used 
for repe t i t i ve reve rsed shea r tests (RRST)r. 

F ig u re 4 . 2  Hor izonta l l oad i ng assemb l y  
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The l oad i ng frame (F i gu re 4 .  1 )  was des i gned for the p ri mary pu rpose 

of  app l y i ng ve rt ica I l oads a nd repeti t ive hori zonta l l oads 1 a nd was bu i lt to 

w i thstand the fu l l capaci ty of  t he 200 k i p  and 20 k i p  hyd rau l i c  j acks . The 

hori z onta l force was a pp l i ed d i rec t l y  to the u ppe r  s tee l beari ng su rfa ce .  The 

l owe r beari ng su rface was c o ns t ructed of  c oncrete and  secu red i n  a fi xed posi ­

t i on by bea ri ng  bo l ts ,  A l !  i ns trumentat i on and assoc ia ted equ i pment  we re 

l ocated on or near the frame . 

4 .  2 .  2 Hyd ra u li c  System 

T he vert i ca l  compress ive force was app l ied w i th a 200 ki p hydrau l ic 

jack and hand opera ted pump . A 20 k ip  d ou b l e  act ing j a c k  ( Fi gu re 4 . 2) was 

regu l ated by a t h re e -way e le ct ri c  pump and u sed for h ori zonta l force app l i ­

c a t i o ns .  Hyd rau lic press u res we re i nd icated on three d i a l p ress u re gages a nd 

we re conv e rted to a ctua l  l oaQ by mu ! t i  p ly i ng by the effect ive  ram are as of 

the  hyd rau l ic cy li nd e rs ,  

4 . 2 .  3 I ns t rume nta t i on 

T he magnitude of ve rt i ca l defl e c t ions  was determi n ed wi th  fou r d i a l  

gages m ou nted near  each corne r  of  th e  concre te beari ng b lo c k .  Reve rsa l o f  

ho ri z onta l trave l  o f  the s tee l beari ng p l ate  was con t ro lled by e lect ric a l  l im i t  

sw i tc hes .  The amou nt of hor izonta l defl ec t ion  was eas i l y  set by ad j ust i ng the 

pos i t i on of these sw i tc hes . The  n umber of comp l ete reve rsed hori z on t a l force 

cycles  was recorded by cm a utoma t ic e l e c t r ic cou nte r .  Two safety sw itc hes 

we re pos i t i oned to avo i d  the poss i b i l ity of exceed i n g  the a ll owab le  hori zonta l 

ram exte ns i on or w i thd rawa l .  An  a lternate c hec k of the  ve rt ic a l c ompress ive  
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l oad was mai n ta i ned w i th a ca li brated l oad c e l l  and  s t ra i n i ndicator .  A ten­

s i on-compress i on l oad ee l I a nd e lect ronic recorde r were used to monitor the 

hori z on ta l  l oads . 

4 .  3 Test  Procedu re 

S ince t he test p roced u re was both t i me c onsum i ng and comp lex  a 

standard method of test i ng was deve l oped a nd is i nc luded i n  Appendi x  C. I n  

gene ra l , each pad was su bjected to a vert i ca l  s t ress exceedi ng 500 ps i for a 

1 2  hour pe riod p rec ed i ng the test . T h i s  p rocedure of c ondi t i on i ng the pad was 

to e l l m i nate--as much as poss i b le--the  cont i n u ed ve rtic a l  def lect i o ns due to 

s tati c  c reep . H oweve r ,  dur i ng the test th e ve rt i ca l  s t ress o n  each pad was 

ma i nta i ned near a consta n t  l eve l of 500 ps i .  The hor izonta l m ovement  of t he 

top bea r ing p l ate was ad j usted to cyc l e  a l ternate l y  i n  a forward a nd bac kward 

d i rect ion re la t ive to the i ni t i a l  cen te r  pos i t io n, a di stance equa l to one-ha l f  

the n om i na l  u nc ompressed pad th i c kness . T he rate of horizonta l l oad app li cat ion 

was c ont ro l  l ed by the e l e ct ri c  pump a nd was not ad j ustab l e ,  bu t i t  appe ared to  

rema i n  c onstant a t  approx i m ate l y  10 c pm . The  test was cont i nu ous except for 

bri ef interrupti ons to record def lect i o ns , 

4 . 4  Presentat ion  and Di scuss i on  of Test  Resu l ts 

The resu l ts of th i s  se r ies  of tes ts are shown as eye ! es of app l i ed hori ­

zonta l l oad versus def l ec t i on (T ) % ( F iguresr4. 3 through 4 . 7) .  Tota l ve rt i c a l 

defl e ct i o n  is desc ri bed as be i ng comprised of essent i a l l y  t h ree i ncrementa l 

pa rts shown typi ca ll y  i n  F igu re 4 . 3 .  The fi rs t  i nc re ment was desi gnated the 

i n i ti a l short-t i me def lect ion  and was determ i ned from comp ress i on-def lect i on data . 
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The magn itude of  s tat i c c reep deflect i on resu l ted from the 1 2  hour pre condi t ion-

i ng s t ress app l ied on the pad . The fi na l  i nc rement of deflec t ion  was due p ri mar-

i ly to  the effects of repeated reve rsed hor izonta l movements of the pad . 

Du ri ng the t i me pe ri od j us t  p rior  to the s tart i ng of the repetit i ve 

reve rsed shear tes ts (RRST) ,  the rate  of vert i c a l defl ec t i on due to s ta t ic c reep 

had reduced to  app rox i ma te l y  0 . 00 1 i nc h  per  hou r for a l l pads , Howeve r, as 

the i n i t i a l  hor izonta l force cyc l es we re app l i ed,  add it i ona l verti ca l  def l ect i ons 

were rap id l y  p roduc ed . Wi th cont i nued horizonta l flex ing of the pad the rate  

of  ve rt i ca l defl e ct i o ns g radua l ly reduced . I t  was a l so noted that s urface temper-

a tu res  of so l i d  a nd l am i nated pads i nc re ased approx imate l y  6 to 14
0 

F above room 

temperatures wh ich vari ed between 75 and 82r
° 

F ,  Th i s  tempe ra ture ri se  can be 

exp l a i ned by the e ffec ts of the f l exi ng rate a nd/or the fri ct i on generated by 

pad s l i ppage , 

S li ppage betwee n the pad a nd both bea ri ng s urfaces dur i ng each cyc l e  

was obse rved a t  the edges o f  the  pads . N o  a ttempt was made to determ i ne t he 

a ctua l poi nt  of s l ippage,  bu t the  re l a tive amount  of s l i ppage was g rea te r  between 

the stee I -pad i nterfoce than between  the c onc rete-pad i nter face . I t  i s  i nte res t-

ing to note that the so l i d  buty l pad was n ot correc t l y  cen te red at the i n i t i a l  

compressed pos it i on ,  a nd a g reate r  hori zonta l de flec ti o n  occu rred i n  one di rec.;.. 

ti on  du ri ng the i n i t i a l  eye l e s . The defl ect i ons soon equa l i zed i n  each d i re ction  

due  to th i s  s l i ppage , Su rface s li ppage produced two k i nds of a bras i on  e ffec ts .  

S o l i d  pads rece ived not ic eab l e  abras i o n  on the pad s ides  ( F i gu re 4 .  1 3) para l l e l  

to  the hori zonta l moveme n ts . act i on  was due  to  the 11  ro li i ng under" of the 

pad edges . lam i na ted pads rece ived a bea ri ng s urface abras i on rathe r than on 
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t h e  s i de s . T h is beari ng s urface a bras i on was more extens i ve whe re the  contact 

su rfac e  was conc ret e , 

T he bear i ng su rfaces a l so  h ad a part i c u l a rly  not iceab l e  e ffe ct on the 

l oaded s hape of so l id pads . T h e  conc re te  s urface p rov i ded a restra i n i ng cond i ­

ti on  on  the pad , w h i l e  the stee l su rface a l low ed g re at e r  l at e ra l  pad movement. 

T h i s  m ag n i tude of the ho ri zonta l  fl exi ng force was fou nd to i n c rease 

s l i gh t ly wi th the numbe r of  repe t i t i ve cycl e s  on a l l  so l i d pod tes ts . Converse l y ,  

th is force d ec reased i n  magn i tude  o n  a l  I l am i n ated pad tes ts . A l though .a ll 

so l id and l am i nated pads we re e ac h  sub j ec ted to constant rev ersed def le c t i o ns 

equa l l i ng one-ha l f  the nom i na l  pad t h i c kness, th e m ag n i tude of these fo rces 

vari ed w i th  each mate ri a l .  

T he damag i ng effe c ts to the  solid pads showed n o  corre l a tion ,  except 

the vari ous degre es of side a bras i on to a ll pads . The  neoprene pad exh i bi ted 

o n ly  a s l i g ht crack  on the wid th  s ide , but a l a rger  sp l i t  was p rodu ced a t  a n  

i rregu l a r  pad t ri mm i ng locat i on o n  the l e ngth  s ide . A n  extre me l y  l a rge sp li t 

i n  the hypo Ion  pad extended from the l e ng t h  edge i nto the  c e n ter  of the pad 

at a n  a n g l e  of app rox i mate l y  30r° . T h i s  sp li t  cou ld have poss i b l y  resu l ted whe n  

the  h or izonta l  movemen t exc eeded one-ha l f  T due t o  a sw i tch  ma l func ti o n . Per­

manent deformat i on of the ch l o robu ty l  pad bea ri ng  s urfa ces  resu l ted i n  a s ligh t l y  

t rapezo i da l s h ape . The stee l -pad su rface resu l ted i n  a l arge r w id th  d i m e ns i on ,  

wh i l e  the  c on crete-pad s u rface width was reduce d . T h e  but y l  a rd E PT pads were 

not  noti ceab l y  e ffe c ted  o r  damaged , 

S u rfac e  abras ion  e ffects to l a m i nated p ads we re qu ite s i m il a r  as p re ­

v i ous l y ment i oned . H oweve r ,  c h l o robuty l ,  E PT ,  a n d  neopre n e  pads exh i bi ted 
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on ly s l i ght su rface weon ng . The  hypo l on pod demonst rated much more surface 

wear and was the on ly  lami nated pad to deve l op s ide c racks (F igures 4. 8 th rough 

4 .  1 2 ,  note the rubber 11 fil i ngs11 ) .  Howeve r, the deve l opment of these c roc ks d id 

not  l ead to " pad fa i lu re ,  11 but  in  actua l se rv i ce  condi t i ons  the presence of these 

c rac ks cou ld  serious l y  effect the pad li fe . 



Figu re 4 . 8  Figu re 4 .  9 

F igu re 4 .  10 Figu re 4. 1 1  

Views of s ide spl i ts i n  the laminated hypa lon pad . 
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F i gu re 4 .  1 2  Su rface a brasi on effects due to  the concre te 
bea ri ng surface . The  whi t e  l i ne d e notes the 
i nn e r  edge  of the most severe a bras i onr. 

F i gu re 4 .  1 3  Ch ! orobu ty l  edge abras i o n  effects due  to 
rubbi ng  on  the conc rete bear i ng su rface .  



F i gu re 4 .  

F igu re 4 .  1 5  t i on . 



CHAPTE R V 

LOAD- DE FLECTI ON C OMPA RI S ON S  

5 .  1 Compress i on - De flec t i o n  

P roba b ly more test data has b e e n  a c cu mu l ated du r i ng previ ous resea rch 

conce rn i ng compress i on -defl ect i on chara c te ri st i cs than a ny other prope rty of e l asto-

meric beari ngs .  Th i s  test i s  re l at i ve l y easy to conduct bu t i s  u nqu es t ionab l y one 

of the l east s i gn if i can t  tests dep ic ti ng pad behavi or under  actua l s e rv i ce l oads . 

H oweve r, the effects  of such  pa ramete rs as shape factor,  hardness , m ater ia l ,  com -

p ress i ve s t ress , test i ng rate ,  and beari ng su rfaces wi th  respect  t o  d efl e c t i on s  a re 

qu i te read i rl y comparab l e . 

Data from bonded and l a m i na ted pad--test  resu l ts (Chapter  I I ) we re used 

to c ompare pad materi a ls of th ree shape fac to rs ( Fi gu re 5 .  1 ) . Refe rri ng to th i s  

figu re i t  c a n  be observ ed that: 

1 .  ve rt ica l deflec ti o ns decre ase as shape facto rs i nc rease, 

2 .  va riat ions  betwee n  i nd iv i d ua l m at e ri a l responses a re a functi o n  

o f  t h e  shape fac tor, i . e . ,  t h e  defl ec ti o n  for pads of  t h e  l ow number  shape foe-

tors dem onstrate  great e r  sens i ti v i ty to the mat e ri a l u nd e r  l oad than the h igher  

number  shape factors wh i c h  tend to m ore c lose ly agree wi th the defl e ct i ons of 

other mater i a l s .  

3 .  a n  a pproxi mate l i near  compress i on -def lec ti on re l a t i onsh i p  i s  ex-
73 
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h i bi ted by the h i gh e r  numbe r  shape factors wh ile the re l a t ionsh i p  for pads  with  

a shape factor  of one  i s  defi n i te l y  n on l i near, and 

4.  c h lorobuty l i s  more sens i t ive to l oad than the other materi a l s  re­

gard I ess of sha pe factor . 

A compa ri so n  for neopre ne and  buty l ( F i g u re s  5 , 2  and 5 . 3) demon­

s t rates  the effect of  su rface cond i t i ons on vert ica l def l e ct i ons . From these two 

figu res it can be noted that much l a rge r defl e ct i o ns oc cur for pads between S - S, 

a nd def l ect ions dec rease i n  ord e r  when the su rfaces a re C-S ,  C-C, a nd bonded .  

S i n c e  beari ng  pads may be u sed i n  con j unct i on wi th  con c re te or s tee l 

br idge g i rde rs and c on c rete  a bu t m e nts , i t  a ppears that ve ry s i m i l a r  def l ec t ion  

respo nses w il l  occu r for e i th e r  c ond i t i on . However ,  i f  s tee l sh i ms (for the e l e­

vati o n  ad j ustments) a re used on the pad su rfac es, g re ate r i n i t i a l  short-t i m e  defl ec­

ti ons ca n be  e xpected . 

By refe re nce to  F i gu re 5 .  1 i t  can be obse lVed that i n  chang i ng from 

a shape fa c tor  of s i x to one the re i s  approxim ate l y  a s i x  fo l d  i ncreas e  i n  de­

fl e ct i on ,  from s ix  to th ree a two fo l d  i nc rease , a nd from th ree to  one l ess tha n  

a two fo ld  i nc rease . S i n ce a pad w i th a sha pe fac tor of th ree i s  about the 

l a rgest  so l i d  pad s i z e  that c a n be p l aced u nd e r  a s tandard bridge g i rd e r, the 

engi nee r i s  faced wi th the p rob l em of cont ro l  l i ng d e flect i o ns , 

I f  the AASH O  Spec ifi cat ions  a re fo l  lowed, the eng i neer  must not ex­

c e ed the u n i t  press u res of 500 psi u nder dead load n or 800 psi  under a combi na­

t i on of dead a nd l i ve  l oad p lu s  i m pact . I n  a dd i ti o n ,  the i n i t i a l def l ec t i on under 

dead ,  l i ve ,  and i m pact loads sha l I not  exceed 1 5  percent of t he pad th ickness . 

Fu rther, the  pad d imens ions must  be l ess them the d i me ns i o ns of the beam i t  
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Deflec t ions  a re usua l l y contro l  led by u s ing  l a rge r  shape fac tors . I n-

c reas i ng the shape factor i s  genera lly accomp l i shed by (a) i nc reas i ng the bear i ng 

a rea  wh i le ma in ta i n i ng the same pad th i ckness , or (b) dec re as i ng the pad t h ick-

ness and u s i ng more th i cknesses wi th l am i na t ions if the beari ng a rea  i s  l im i ted or 

is a maximum for the beam be i ng supported . However,  it shou l d  be noted that 

the i nt roduct ion  of l am i na tions is expens ive . For exam p l e ,  the use of a l ami -

noted u n i t con ta i n i ng three  o r  fou r s tee l p lates i s  approxi mate l y  ten  t imes more 

expe ns ive tha n  a one i nc h  so l i d  pad of the same p l a n  d i mens ions . The refore, 

the use of a so l  id  pad (shape factor of th ree) wou l d  be more e conom i ca l than 

a l am i na ted un i t  (shape factor  of s i x) even though the so l id pad wou ld  exh i bi t 

g reater  deflec t i ons .  

I t  has bee n  noted (Sect i on L 3) that the 1 96 1  AAS HO Spe c i fi cat i on 

a llows on l y  neop rene  to be used for expans i on beari ngs . However ,  i n  v i ew of 

t he  15 percent  i n i t i a l def l ect i on  l i m i tati on wh i ch essent ia l ly necess itates the use 

of pads wi th a shape fac tor of  th ree  or l a rger (for reasonab l e  des ign stre ss 

l eve l s) ,  these compress ion-def le ct i on tests have  show n  tha t  buty l ,  c h lo robuty l ,  

E PT ,  and hypa l on  a re v i rtua lly equ iva l e n t  to  neopre ne for shape factors g reater  

than th ree in  the i r  responses to  short- t i me  l oad i ngs , 

5 .  2 Stat ic Creep 

T he Goodyea r  T i re and Ru bbe r Company has writ t e n ( 1 r1) , 

Determ i na ti on of c reep  has a lways been d i ffi cu l t because some c reep i s  
bound to occur  wh il e  t h e  i n i t i a l  o r  e l ast i c  deformat ion  i s  bei ng m easu red . 
I t  i s  c ustomary to ta ke the i n i t i a l read i ng a t  some arb i t rary t i me i nte rva l  
such as t h i rty seconds , one m i nute o r  five  m i nut es after app ly i ng the l oad , 
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a nd a ny c reep  occ urri ng i n  th i s  peri od i s  not charged agai nst the 
c om pou nd . Th i s  practic e  is cons i s tent wi th c reep  de term i nat i o ns 
i n  othe r fie lds of s t ructu ra l  materia l s  whe re t he i n i ti a l stage i s  
usu a ll y  d i scou nted . 

H oweve r, the nonconform i ty of e l astome ric mater ia l s  to the n ormal  concepts of 

sma l l  defl e c t i on theory a pp l i ca b l e  for  re l at i ve l y  rig id m at e ri a ls has been we l l  

e stab l ished . The re fore , the great e r  sens i t i v i ty of  e las tomers to the t i me de-

pendent  phenome non of c reep shou I d  not be assum ed cons i sten t  wi th  c reep of 

othe r s t ruct ura l mat e ri a l s .  The prac t i ce of ta k ing th e i ni t i a l read i ng  a t  some 

a rbi trary t i me i n terva l can p roduce a w ide ran ge of the va l u es for g raphs show -

i ng percent  of  i n it i a l def l ec t i o n  s i nce  d e fl ect i on changes rap i d l y  d u ri ng  the 

fi rst few m i nutes u nder l oad . I n  add it i on ,  th i s  p roc edu re does not a ccount 

for tota l defl ect i on and n o  re l at i onsh i p  exi s ts betwe e n  compress i on -def lect i o n  

a nd stati c  c reep . H owever, the perc e n t  of i n i ti a l d ef lec t ion  c reep c u rves 

p rese nted i n  Chapter 1 1 1  a re re l ated to  the compress i on -de f lect ion  cu rves de-

t e rm i ned i n  th i s  study s i n c e  i ni t i a l d efl e c t i o n  va l ues  we re obtai n ed from compress-

i o n-deflect i on data , Thus ,  tota l defl e ct ion  c a n  be determ i ned by us i ng these 

two s ets of g raphs . I t  shou Id  be noted that o n l y  pads with 1 , 5 shape factors 

su bj ected to a c o nstant  500 ps i st ress we re studi e d ,  

T he tota l deflec ti o n  responses o f  the pads i nv est iga ted were qu ite s i m i -

l a r  (F igures 5 .4 th rough 5 .6 )  except a not ic e a bl e  d i ffe rence  i n  the rate of def l ec-

ti o n  was obse rved dur i ng  the  fi rst three days u nd e r  l oad (see spe ci fica ll y  F igu re 

5 . 5)r. H owev er , the  def l ec t i on ra te d i ffe rence  d oes no t  appear to be of s i g n i f-

i cance  s i n ce v i rtua l ly a l l defle ct i o n  I d  occ u r  duri ng t h e  bri dge c onst ru cti on 

pe riod , I n  gene ra l ,  defl ect i ons  i nc rease at  a ve ry slow ra te  afte r  the fi rst 



80 

1 5  

0� 10  
-0 

E B 

Pads  - Bonded 
S . lF .  = 1. 5 

5 

4 

2 

* Note change i n  
H ori zonta l Sca l e  

0·'--���------..._--...,..���;._.1.o::::::__�--�----IL--�--� 
10 20 30 

DE FLECT I ON ( T) , % 

F i gu re 5 .4 Compa rison of tota l deflect i on for bonded pads due to 500 psi 
c onstant s t ress . 



20 

1 5  

5 

4 

3 

2 

Pods - So l id  
S . F . == 1. 5 
S u rface (C-S) 

8 1  

OL-���--L��.....,--��..,_��l:::=:::::!:.._�_L__J 
1 0  20 30 40 

DElFLECT I ON ( T  )
r 

% 

F i gu re 5 . 5  
ps i 
Compari son of tota l def l e ct i on for so l id pods between C-·S  d ue to 500 

constant  s tress , 



82 

20 

1 5  

1 0  

5 

4 * 
Pads - So lid  3 
S . lF . = 1. 5 
Su �ace ( S -S ) 

* Hori zonta l  pad dimens ions exceeded 
the width of the bea r i ng p late 

10 20 30 40 

DE FLECT I ON ( T ) , % 

F i gu re 5 . 6  Compa r i son of tota l deflect i on for  so l id pads between 5-S due to 500 
ps i constan t  s tress . 



Vert i ca l 

those occu rri ng for so lid  pads , 

use,  a 

83  

seve ra l days u nd e r  l oad " I t  ha s  bee n reported . 2) that th i s  s l ow rate conti nues 

for a pprox i mate l y  100 days befo re approach i ng an asymptot ic li m i t . 

A n  u nexpected fota I deflect i on response was obse rved fo r pods between 

S-S  a nd C-S (see F igu res 3 .  7 a nd 3 0 8) . I t was noted (Sect i on 5 .  l )  that l a rger  

short- t ime defl ec t ions  occurred for  pads between S-,S  than for pods between  C-S , 

lH owever ,  the roughness of  c on c re te a ppears to  a ffec t  on l y  the short-t ime defrec­

t i o n  s i n ce  a l most i den t i ca l tota l def l e ct i on responses were observed for pads be-· 

twee n S -S and C-S . 

F rom F igu re 3 .  9 i t  c an be obse rved tha t  defl ec t ions due to c reep i n  the 

vari ous mate ri a l s  for bonded pads res u l ted in  a 1 5  to 35 percen t  i nc re ase a bove 

the sho rt -t i me defl e ct ions .  Compara t i ve l y,  from Fi gure .3 , r10 u nbonded so l i d  pads 

between C-S exh i bited a 65 to 95 pe rcent i nc rease above the sho rt- ti me defl e c­

ti ons . 

defl ect ions were s ign ifi can tl y  sma lle r  for bonded pads than 

H owever 1 i f  th i s  type of pad i s  requ i red for fi e l d  

l am i nated pad shou ld be formed b y  a rubber fabri cato r, and fi e ld bond i ng 

i s  not recommended , An  adequate bond of  th i s  type i s  d i ffi c u lt to  obta i n  be-

tween s tee l p l ates , and the poss i bi li ty of a bond fo i wou Id i ncrease deflec-

I n  a ll  tests neoprene  was obse rved to de­

f l ec t  

C-S ,  a nd S -S 1 s  l i s ted i n  Tab l e 5 . 1 ,  

ll e ast  wh ile ch orobu ty l  i n c u rred the l a rgest deflec t i ons , 

t ions apprec i ab l y  (app roxi mate l y  50 percent) ,  

The re l at ive order  o f  the mate ri a l  def l ect i ons w i l'h reference to bond i ng ,  
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Ran k  Bond ed c-s s-s 

N N 
E E 
B B 
H 
C C 

Tab le 5 .  1 I n c re asi ng  ord e r  of mate ri a l  d efl ec t i on s  due to sta t i c  c reep (500 
ps i constant st ress) . 

5 . 3 Repet i t ive  Rev e rsed S hear 

A comparison of the  ve rt i c a l deflection responses for l am i nated and 

so l id pads s ub j ec ted to hori z on ta l f lex i ng  i s  s how n  i n  Figu re 5 .  7 .  Re lat i ve 

o rde r of the mate ri a l  def l ect i on s  i s  l i sted i n  Tab l e  5 . 2 .  It shou ld be noted t hat 

these obse rva t i ons were made w i th on l y  one so l i d  pad of eac h m at e ri a l. S i mi l ar-

l y ,  the re l at i v e  order  of the def l ec t i ons measu red from the fou r  l am i nated pads 

tested is l i s ted i n  T ab l e  5 . 3 . 

As prev ious l y  ment i on ed ,  pad tem pe ratu res i ncre ased a bove room tem-

pe ratures u s i ng a f l exi ng rat e  of  1 0  c pm . Oze l l and Di n i z  (20) a non-used 

reversed f l exi ng rate of  1 20 cpm and noted the  pads were warm to the  t ouch ,  

but n eve r 11 hot 11 
• Sute r a nd Co l l i ns (24) u sed a s lower  cyc l i ng speed of2 cpm, 

a nd " comp l e te ly preve n ted i nte rna l heat bu ildup 1 1  
• I n  d i scuss i ng the Oze ll 

a nd Di n i z  paper, McCready ( 1 3) c omme nted,  11 i t  i s  safe to assume that  cons id-

e rab l e  fri c t iona l hea t  deve l oped whi c h  con t ri buted to  the fail ure of the neoprene 

pads . T he rate  of shea r  d i stort i on of beari ng pads i n  serv ice wou l d  cause very 

li t t l e  heat gen e rat i o n . 11 

T he wri t e rs fee l that  the tempera ture e ffects from the i nt ermed i ate f l ex i ng 

rate (10 cpm) used for th i s  s t udy shou ld not be d i sregarded . Howeve r, the rate 
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Rank  I n i t ia l  Stat ic Creep RRST 

1 N H C H 
2 B B N B 

3 H E B N 
4 E N H E 
5 C C E C 

Tab le 5 . 2  I nc reas ing order  of so l i d  pad def lect ions ( RRST)  . 

Rank I nitial Sta t ic  Creep RRST Tota l Def lect ion 

1 N E C E 
2 E N N N 
3 H H H H 
4 C C E C 

Table 5 . 3  I nc reasi ng order  of lami nated pad def lect ions (RRST) . 

Horizonta l Load, pounds 
Pad Type Beg i nn ing of Test End of Test 

B-32 So l id 5300 5700 
IIC-34 6600 7200 
I IE-32 8400 9600 
IIH -34 8400 9300 
IIN-34 6600 7 100 

Cl.:-2 Lami nated 5300 4700 
IIE L.:.2 7600 7200 
IIH L-2 8600 7800 
II  , NL.:.2 7500 7000 

Tab le 5 . 4  Repet i tive reversed shear tests . 
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of flexing used in this study was selected in an effort to minimize the temperature 

effects and still complete the test in a reasona6le length of time. By reference 

to Figure 5 .  7 it appears that significant vertical deflections were developed due 

to flexing (particularly for the • solid pads) .  The writers are inclined to attribute 

these deflections to the method of test used, even though a relatively slow flex-

ing rate was employede. I t  should be noted further that fatigue tests for many 

structural materials are performed at high flexing rates, but fatigue results for 

elastomeric materials appear to be significantly biased by the rate of flexing .  

The method of test employed in this study was to simulate the beam 

movement for a 1200F temperature change occurring daily during a 10 year peri-

od for 100 to 300 foot spanse. Obviously, daily temperature differentials of this 

magnitude are not realistic, nor do the beam movements occur so rapidly. How-

ever, if a bearing pad can withstand the severity of this test, then it is not like-

ly to fail under actual service conditions. 

The abrasion of the sides of the solid pads resulted from the rubbing of 

the pad sides against the concrete bearing surface as the pad was sub jected to 

horizontal flexing. This abrasion was generally negligible, and the chlorobutyl 

pad was most noticeably worn ( Figure 4. 13) . 

Some bearing surface abrasion was noted on all laminated pads. This 

abrasion was most prominent about one-halfi an inch inside the pad bearing surface 

edge (Figure 4 .  12) . The hypalon pad received noticeably more surface abrasion 

than the other laminated pads and, in addition, exhibited extensive splits in the 

pad sides . Although this pad did not completely fail (become unserviceable), 

these side cracks potentially could be det'rimental during the service life of the pad . 
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5 . 4  Summary 

T he results and comparisons of this study have shown that various mate­

rials exhibit virtually the same load-deflection responses . T he current AAS HO 

Specification sets design limitations based on initial deflections only .  I n  Sec­

tions 5 .  1 and 2 . 4  it was shown that very little difference was observed in the 

deflection responses of butyl ,  EPT , hypalon ,  and neoprene (chlorobutyl exhibited 

greater deflections than all materials) . In fact, if short-time initial deflections 

were the only design consideration,  hypo Ion shou Id be chosen for use because of 

the apparent smaller deflections . This rather obvious dichotomy is further em­

phasized in the conclusions to this report . 

However, with reference to tota I deflection creep responses , ( Figures 

5 . 4, 5 . 5, and 5 .6) neoprene exhibited the smallest deflection followed by EPT ,  

butyl, hypalon, and ch  lorobutyl . It should be noted that these differences be­

tween material deflections were observed with a shape factor of 1 . 5  and less 

variation wou Id occur with pads of a larger shape factor w h tch would probably 

be used for field applications . To  reiterate ,  virtually the same time-load-de­

flection responses were demonstrated by all of the materials tested (especially for 

the higher number shape factors) . 

T he excessive horizontal deflections and the rate of flexing were un­

doubtedly much more severe than the conditions to be expected in the field . 

T herefore, it cannot be stated with certainty that hypalon could not serve sat­

isfactorily as a bridge bearing pad . However, since the other materials were not 

noticeably damaged even due to the severity of t he test, these materials appear 

more desirable than hypalon for pad usage . 
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In each ser i es of tests chlorobutyl pads were observed to undergo larger 

vertical deflection than the pads of other materials . How ever, the low tempera­

ture flexibility of chlorobutyl as wel I as butyl (5) is a primary advantage over 

neoprene . I f  a bridge bearing wil'I be sub j ected to extremely cold temperatures, 

th is flex ibil ity property gains signif icant importance over the slightly larger ver­

t ical deflections of butyl and chlorobutyl . No test results concerning the cold 

temperature behavior of EPT were available .  
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CONCLUSI O NS AND RECOMME NDAT I O NS 

6. l General 

The major ob jective 0f this study was to determine, analyze, arid com­

pare the load-deflection responses of five elastomeric pad materials. The conclu­

sions and recommendations made herein are restricted to the scope of this study 

(Section 1 . 6), and no consideration was given to the probable effects of tempera­

ture and repetitive vertical load applications. H owever, the reader should be 

cognizant that these actual service condition parameters require further study. 

Responses of the different materials were investigated using three basic 

methods of testing. Results of these tests were utilized to analyze and compare 

the overal I behavior of the test pads (Chapter V). Comparison with published 

information was generally not possible due to various testing procedures employed 

and the sparse number of tests including materials other than neoprene. 

6.2 Suggestion for Future Research 

As mentioned in Section 5 . 2, the creep phenomenon of all elastomeric 

materials is lacking a common qualitative base or definition . Such a working 

qualitative definition :is : needed .to correlate experimental work. Creep is highly 

responsive to stress level and temperature and needs further study. 
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The effects of millions o f  repetitive vertical loads applied during the 

life of bridge structure have only been tokenly studied (24) . A definite problem 

exists in devising a representative test method since a considerable difference 

exists between a feasible method of test of reasonable time length and the rate 

of load application and beam movement under actual bridge conditions. Elasto­

me rs do not respond as typical structural materials and future test methods must 

closer approximate actual service conditions if  test results are not to be highly 

biased. 

Since no consistent mathematical relationship has been derived be­

tween shape factor, compressive stress, or any other parameters , present infor­

mation is limited to empirical analysis. Work toward general analytical equa­

tions using the parameters mentioned above is needed for easier design of 

elastomeric bridge bearing pads . 

6.3 Final Conclus ions 

The test data recorded herein is limited to room temperature studies. 

Noting the previous limitations (Section 1. 7) , the test results support the follow­

ing conclusions: 

1. The currently accepted relationship for compression-deflection 

characteristics that deflections increase with decreasing shape factors is valid 

for the materials and bearing surfaces studied. 

2. Al I materials exhibit greater short-time deflections when the bear­

ing condition is S-S and decrease in order when C-S, C-C, and bonding are 

employed. H owever, from static creep tests it is concluded that only the rate 
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of short-time deflections is greater for pads between S-S than between C-S, and 

combined pad deflection under load is approximately the same for both surfaces. 

3. The effect of bonding greatly restrains lateral pad movement, and, 

as a result, short-time deflections and static creep deflections are significantly 

less than for unbonded solid pads subjected to similar stress conditions. 

4. Static creep deflections increase significantly during the first few 

days under load. 

5.. Results of these tests have shown that static creep deflections are 

of considerable magnitude. Neither the current or Proposed AASHO Specifica­

tions stipulate any recognition for static creep effects, but it is obvious that 

these additional deflections are significant. 

6. A limited number of rather severe horizontal flexing tests demon­

strated that hypalon pads exhibited extensive bearing surface abrasion arid splits 

in the pad sides. Since the other four materials ·were· not noticeably damaged, 

hypalon is considered undesireable for bearing pad usage. 

7. With the exception of pads compounded of hypalon, the effects 

of horizontal deflection movements wi I I  not cause concernable pad abrasion even 

if slippage occurs between the pad and the bearing surfacese. 

8. Solid pads as well as laminated pads {limitation for the use of 

laminated pads only in the Proposed AASHO Specification) can be used for bridge 

bearings. However, bonding solid pads to steel plates is not a recommended 

field procedure, but this process should be performed by a rubber fabricator. 

9. Laminated pads ·exhibit more ' des i rable load-deformation behavior 

than solid pads of the same plan dimensionse. However, laminated pads are more 



93 

expensive than solid pads of the same volume. 

10 . The current and Proposed AASHO Specifications appear conserv­

ative for the limitations on vertical deflections. The initial deflection limit of 

15 percent could reasonably be raised . 

1 1. There appears to be no justification for the current stipulation 

made by AAS HO that specifically bearing pads compounded of neoprene be used. 

Pads compounded of butyl, neoprene, E PT, and chlorobutyl ( in order of prefer­

ence) all demonstrate , aesi-rabl'e load-deflection responses. The use of elasto­

men c  bearing pads of these materials appears practicable . 

6. 4  Recommendation for Design Procedure 

As discussed in Chapter V, the mag nitude of vertical pad deflections 

is due primarily to short-time initial and static creep deflections. In order to 

determine total deflections for either solid or laminated pads, the engineer must 

use the appropriate design curves. U tilizing the test results and curves presented 

herein, the current AASHO Specifications, the Proposed 1965 AASHO Specifica­

tions, and suggestions from previous research, the following suggestions are made 

for a design procedure of elastomeric bridge bearing pads. 

1. The maximum vertical compressive stress due to dead, live, and 

impact loads shall not exceed 800 psi. 

2. Sustained vertical compressive stresses shall not exceed 500 psi 

due to dead load. 

3. The minimum plan dimens ion of the pad shall be at least five 

times the thickness. 
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4 .  So lid pads sha l l  be either 3/4 inch or one inch in thickness. 

5 .  I ndividual  laminations sha lel be at least 1/4 inch in thickness . 

6 .  The maximum horizonta I force developed from horizonta I beam 

movement sha lel be calcu lated (see references 6 .  1 and 2 1 ) .  

7 .  Bearing stiffeners at the support shalel be used with stee l gi-rders. 

The se lection of the pad dimensions can be determined by using the 

fo l lowing procedure .  

1 .  The pad dimensions shou ld  be a minimum of one inch less than the 

dimensions of the beam and the support. 

2 .  The tota l pad area required 1 s  determined by the maximum loads to 

be carried by the bearing. 

3. With the pad length, width, and compressive stress known, the 

required shape factor is determined from the appropriate compression-def l ection 

curve by using a deflection less than 15 percent �T) . 

4 .  The required pad thickness is found by usi ng Equation 1 - 1 rewrit-

ten as fo l l ows: 

T = LW 
2(S . F .) L + W) (6- 1 )  

5 .  The additionael deflection due to static creep 1 s  calcuelated by 

assuming an asymptotic percent va l ue from the appropriate static creep curve 

showing percent of initia l deflection and mu ltiplying this va l ue ff mes the short-

time initia l deflection . 
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APPENDIX A 

PROPOSED AASHO " DESIGN" SPECIFICATION 

1 . 6 . 47 - Expansion Bearings 

Spans of less than 50 feet may be arranged to slide upon meta I plates 
with smooth surfaces and no provisions for deflection of the spans need 
be made. Spans of 50 feet and greater shall be provided with rollers, 
rockers, or sliding plates for expansion purposes and shall also be pro­
vided with a type of bearing employing a hinge, curved bearing plates 
or pin arrangement for deflection purposes . Elastomeric bearings may 
also be used in agreement with the following definitions and criteria: 

a) The relationship between the loaded face and the side areas is 
expressed as "Shape Factor" .  For rectangular shaped bearings 
with parallel loading surfaces 

S = LW 
2t ( L  + W) 

Where S = Shape Factor 
L = Length measured parallel to direction of travel 

W = Width measured perpendicular to direction of trove I 
t = Functional rubber thickness - the thickness of one 

lamina or distance separating internal reinforcing 
plates 

b) For non-reinforced bearings: Mine. L = 5T, Min. W = 5T 
For reinforced bearings: Min. L = 3T, Min. W = 2T 

Where T = Total effective rubber thickness = Summation of "t ' s" 
plus the top and bottom skin thicknesses. 

Bearings shall have built in taper when non-parallel load surfaces 
under dead load conditions produce 6% additional strain of "T". 
For bearings with built in taper (not over 5% slope to accomo­
date non-parallel load surfaces) " t" shall be the average thick­
ness of the tapered lamina. 
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The average thickness of the top or bottom skin shall not be 
greater than "t". 

c) The total of the positive and negative movements caused by 
11 T 11 •anticipated temperature change shall not exceed one-half 

Refer to TA BLE S  A & B in "Material Specification for E lasto­
meric Bearings" for Shear Stress Values. 

d) Average unit pressure on e lastomeri c bearings sh al I not exceed 
800 psi under a combination of dead load plus live load, not 
including impact. The average unit dead load pressure shall 
not exceed 500 psi, nor be less than 200 psi. When dead 
load plus live load uplift reduce average unit pressure to less 
than 200 psi, the bearing shall be secured to the top and may 
be secured to the bottom surface; when secured to the bottom 
surface the bearing may take momentary light tension. 

e) The initial deflection under dead load plus live load, not in­
cluding impact, shall not exceed 7% 1 T!'e; or including all1 

deflection influences, such as impact, rotation and non-parallel· 
load surfaces, the total strain shall not exceed a max . of 15% 
11 T 1 

1 •  The deflection can be determined by a plot of "Shape 
Factor" versus percent strain for the material of the hardness 
under consideratione.e' 
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PROPOSED AASH 0 

" MATERIAL" SPECIFICATIONS FOR ELASTOMERIC BEARI NGS 

1 .  Elastomeric bearings shall be cast as a single unit including multip le layer 
bearings separated by non-elastic sheets to �estrain deformation in thick 
bearingse. 

2. The elastomer compound shall  meet the requirements as contained in either 
TABLE" A or TABLE B .  

TABLE A 

ASTM 
Standard Physical Properties 50 Dure 60 Dure 

Hardness ASTM-D676 50 ± 5 60 ± 5 
Tensile strength, min. psi ASTM-D4e12 
Ultimate elongation, min. % 

2500 
400 

25oif 
400 

Heat Resistance 

A 1 3  
D573 
70 Hr.

° 

Change in durometer hardness , max. 
points 
Change in tensile strength, max. % 

+ 10  
25 

+ 10  
25 

@ 1 58eF Change 1n  ultimate elongation, 
% 

max. 
- 25 - 25 

B 1 3  Compression Set 
D395 
Method B 22 hours @ 158e° F, max. % 25 25 

C l 2  Ozone 

D l  149 

25 pphm ozone in air by volume 20% 
strain 
1 00e° F + 2e° F, 48 hours, Mounting 

No cracks No cracks 

procedure D5e18 ,  Procedure A. 

K2 1 ,  D429, B Adhesion 

Bond made during vulcanization, 
lbs. per inch 40 40 



+ 15  + 15 
15  

35 

1 0 1  

Low Tempe ratu re Test 
Beari ng or samp l e  preparation 
96 hours @ -20 

° 
F + 2 

° 
, axi a l  load 

1 1 T 11 *500 ps i  and stra i n  of 20% 

Test 
Recorde r shea r  resi stance after ( 1 )  one 
h ou r  (in'in . )  at 25% shear stra in  ps i 
sha l  I not exceed 30 40 

The above properti es are equated to the ASTM S pec i fi cat i on D2000-63T, Part 28 
L ine Ca l I - Out ,  4AA525A 1 3B 1 3C 1 2  K2 1 z

1
, for 50 du rometer and 4AA625A 1 3 B l  3C-

1 2 K2 1 Z
1

, for 60 durometer .  

TA BLE B 

ASTM 
S tandard Phys i ca l Prope rties  50 Dure 60 Dure 

Hardness AST M- D676 
Tens i  l e  strength, mi  n .  ps i 
U l ti mate e longat ion ,  m i n  . 

ASTM- D4 1 2  
% 

50 ± 5 
2500 ' 
450 

60 .±. 5 
2500 
400 

H eat Res istance 

A 1 4 Change in  du rometer  hard ness, max. 
D573 poin ts 
70 h r .  Change i n  tensi l e  s trength ,  max. % 
@2 1 2  

° 
F Change i n  u l t i mate e l ongati on, 

15  

max. % - 40 - 40 

B 1 4  Compression Set 
D395 
Method B 22 hours @ 2 1 2

0 
F, max. % 35 

C 1 2  Ozone 
1 00 pphm ozone in ai r by vo lume 
20 % strai n N o  c racks N o  c racks 

D l  149 1 00 
° 

F + 2 
° 

F, 1 00 hou rs, Mount ing 
procedure D5 1 8, Procedure A .  

K2 1 D429, B Adhesion 

Bond made du ri ng vu l can i zati on, 
l bs .  per i nch 40 40 

* E ffect ive rubber th i ckness 



Beari ng or sample preparation 
20 . 

96 hours @ -20 F + , axe1 a  I 
°' "T" * · · f 20stra i n  o • 10 an d ps i 

Recorder shear res i stance after ( 1) one 
hour (min.) at 25% shear strai n, psi  

75 not exceed sh al I 

are equated to the ASTM Specifi cat i on D2000-63T, Part 28 roperti es The above 
L i n e  Call- 6ut, 2 BC525A l 4,eB l 4, C l 2,eK2 1,eZe

le' 
for 50 durometer and 3 BC625Ael 4, 

B l 4, Cl 2,eK21,eZ 1
, for 60 durometer. 

102 

Low Temperature Test 

o l oad 500 

Test 

50 

3. Each manufacturer shall qua lei fy on the " Low Temperature Test"  by submi t­
t i ng a curve or curves certifi ed to the purchaser that the beari ngs meet 
the specifi ed requirements. 

4. Non-Elasti c Lam i nat ions 

The non-elast i c lam i nations shal I be rolled ASTM-A-36 m i  Id steel or 
approved equivalent sheets of the thi c kness as shown on the plans. 

5. Qua l ity Assurance 

The mechanical properties of the bearings s ha l l  conform to the fol l owi ng 
s pecifications under laboratory test conditi ons: 

a) Compression strain of elastomeric bearings sha ll not exceed 5% effec:.. 

tive rubber thi c kness at 500 ps i nor 7% at 8 00 ps i .  

b) The shear res istance of the beari ng sha ll  not exceed 30 psi for 50 
durometer or 40 ps i for 60 durometer TABLE A compounds : nor 50 
psi for 50 durometer or 75 ps i for 60 durometer TAeBLE B compounds 

at 25% stra i n  of the effective rubber thi c kness after an extended 
four-day ambient temperature of .:.20e° F. 

6 .  A l l  to lerances, re l at ive d i mensi ons, fi n ishes and appearance, f l ash, and 
rubber-to-metal bondi ng, sha l l  meet the requi rements as contai ned i n  
TAeBLE C. 

TABLE C 

Symbol Requirement 

A3 



F3 

1 03 

Commercial finish, Table V, Page 20. 

T.063 Tear trim tolerance no hand trimming required, Table VIe, Page 23 . 

B2 Class 2, Method B. Minimum bond destructive value Table VIeI ,  
Page 25. 

Grade 2 Bond destructive value at 40 lbs . per inch Width, Table VI 1 1 ,  Page 25. 

The above properties are equated to the Rubber Manufacturing Specification in 
the RMA Handbook 2nd Edition as follows: A3- F3-T .063- B2 Grade 2. RMA 
Association, I nc . e, 44 Madison Avenue. New York 22, New York, Price $ 1.e50. 



3 . 04 

62 

4 . 54 

5 . 99 54 

54 

33 

59 

55 

20 . 07 

56 

2 . 95 2 . 95 57 

Ch lorobutyl pad properties .  

,o4 

APPE NDI X B 

Stat ic  Tests 

Before Test i ng Afte r Test i ng 

Pad No . L w T SH L w T S H  

1 1  6 . 02 1 . 05 60 6 . 04 3 . 0 1  1 . 07 58 

12  6 . 04 3 . 00  1 . 05 60 6 .04 3 . 0 1  1 . 05 

2 1  9 .  10 1 . 02 60 9 .  1 3 4 . 56 1 . 05 56 

22 9 .  14 4 . 60 1 . 04 60 9 .  1 5  4 . 65 1 . 05 56 

3 1  1 2 . 08 1 . 04 6 1  1 2 . 32 6 .  1 2  1 . 02 

32 1 2 . 02 6 . 0 1  1 . 03 60 1 2 . 3 1  6 . 07 1 . 03 

1 1 . 98 6 . 0 1 1 . 05 60 1 2 . 24 6 .  1 3  1 . 02 55 

34 1 2 . 08 6 . 05 1 . 03 1 2 . 28 6 .  1 5  1 . 02 55 

4 1  1 5 . 08 7 . 53 1 . 05 58 1 5 .  1 2  7 . 55 1 . 05 56 

42 1 4 . 99 7 .60 1 . 04 58 1 5 . 02 7 .63  1 . 06 

5 1  1 7 . 99 9 . 00 1 . 09 60 1 7 . 98 8 . 97 1 .  1 1  58 

52 1 7 . 97 9 . 0 1  1 . 08 60 1 7 . 97 9 . 00 1 .  10  57 

6 1  20 . 1 3  l O .  1 1  1 . 05 59 20 . 17 10 ·. , 4 \ .  10 57 

1 0 . 07 1 . 08 58
62 20 . 10 1 0 .  10  1 . 07 60 

1 2 . 05 6 . 03 1 .  95 53
L-2 1 2 . 02 6 . 00 1 . 90 

1 8 .07 9 . 02 
L-3 1 8 . 06 9 . 00  

Table B. 1 
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.. 

SH 

3 . 08 

4 . 53 2 1  

1 . 04 4 . 54 9 . 02 

1 . 04 1 2 .  10 1 . 05 

6 1  1 . 02 66 

6 .04 66 33 

6 . 02 34 

7 .56 

1 . 00 7 . 57 
7 . 53 

9 . 05 68 1 . 05 8 . 92 1 8 . 00 

67 1 . 05 

6 1  1 . 0 1  9 . 97 20 . 1 1  1 . 04 9 . 85 1 9 . 97 6 1  

1 .03 ,o .o, 68 1 .04 9 . 84 62 

62 

5 . 98 
L-2 

9 . 02 
9 . 00 

105 

S tat ic Tes ts 

Be fore Test i ng After Test i ng 

Pad No. L w T L w T SH  

1 . 02 631 1  6 . 0 1  3 . 03 1 . 03 67 6 . 06 3 . 03 

1 . 04 68 6 . 07 3. 1 1  1 . 03 6312  6 . 02 

1 . 03 63 8 . 97 4 . 58 1 . 04 8 . 99  

22 9 . 03 4 . 52 1 . 05 65 

6.  1 3  683 1  1 2 . 05 6 . 02 

1 2 . 08 6 . 1 0
32 1 1 .  99 6 . 03 1 . 03 

1 . 02 641 2 . 06 1 1 .  99 6 . 0 1  1 . 0 1  

1 2 . 05 6 . 06 1 . 02 64
1 . 02 671 2 . 02 

1 . 0 1  6366 1 5 .  1 3  
4 1  1 5 .  1 0  7. 50 1 . 00 

1 5 .07 1 . 03 6542 1 5 . 07 

1 . 04 641 8 .  1 8  
5 1  

1 8 .  1 9  9 . 04 1 . 04 
52 1 8 . 02 8 . 9 1 

65 

20 . ,s
20 . 02 

1 . 936 .0 11 2 .0 1
1 . 88 67

1 2 . 00 

1 8 .06 
2 . 94 67 

2 . 94 66 

1 8 . 02 L-3 

EPT pad properti es .
Table B. 2 

63 

64 

62 

64 

63 

63 



57 

57 

5 . 97 

1 06 

Stat i c  Tests 

Be fore Test i ng After Test i ng 

Pad No .  L w T SH L w T SH 

1 1  6 . 00 2 . 98 1 . 05 62 6 . 0 1  3 . 00 1 . 04 60 

1 2  6 . 00 3 . 00 1 . 05 63 6 . 0 1  3 .00 1 . 0 1  60 

2 1  9 . 04 4 . 47 1 . 05 63  9 . 02 4 . 58 1 . 05 62 

22 9 . 04 4 . 52 1 . 03 62 9 . 03 4 . 53 1 . 03 60 

3 1  1 2 .  1 1  6 . 09 1 . 02 1 2 .  10  6 . 06 1 . 00 58 

32 1 2 . 03 6 . 09 1 . 03 59 1 2 . 05 6 .  14  1 . 03 

33 1 1 . 98 6 . 02 1 . 04 6 1  1 2 . 0 1  6 . 05 1 . 04 6 1  

34 1 2 . 03 6 .  1 2  1 . 06 62 1 2 . 0 1  6 . 06 1 . 05 60 

4 1  1 5 . 00 7. 5 1  1 . 06 62 1 5 .03  7 .5 1 1 . 06 6 1  

42 14 . 97 7. 52 1 . 05 6 1  1 4 . 97 7 .52 1 . 05 6 1  

5 1  1 8 . 00 9 . 99 1 . 05 65 1 8 .02 9 . 0 1  1 . 06 63 

52 1 8 . 00 8 .  98 1 . 05 65 1 8 . 0 1  8 . 99 1 . 08 62 

6 1  1 9 .  98 1 0 . 04 1 . 04 63 1 9 . 99 1 0 . 05 1 . 05 6 1  

62 20.  10 9 . 95 1 . 07 62 20 . 1 2  9 . 96 1 . 06 62 

L-2 1 2 . 02 1 . 89 67 1 2 . 03 5 . 99 1 .  95 66 

L-3 1 8 . 03 9 . 0 1  2 . 96 67  1 8 . 06 9 . 0 1  3 . 00  65 

Tab le B . 3  Hypa lon pad propert ies . 
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4 . 55 

1 07 

Stat i c  Tests 

Be fore Test i ng After Test i ng 

Pad Noe. 

1 1  6 . 00 3.00 1 .03 65 6 . 03 3 . 02 1 . 04 63 

1 2  6 . 00 2. 99 1 .05 65 6.05 3 . 0 1  1 . 04 62 

2 1  9 . 04 4 . 56 1 . 05 62 9 . 04 1 . 05 

22 9 . 06 4 .  52 1 . 04 6 1  9.04 4 . 50 1.06 62 

31 1 2 . 00 6 . 05 1 .03 60 1 2 . 04 6 . 08 1 . 03 60 

32 1 2. 02 6.03 1 . 00 62 1 2.03 6 . 05 1 . 04 6 1  

33 1 2 . 05 6 . 08 1 . 05 64 1 2 .05 6 . 04 1 .05 62 

� 
34 1 2 . 02 6.02 1 .05 62 1 2 . 02 6 . 03 1 .05 62 

4 1  1 5 . 00 7. 50 1 . 03 62 1 5 . 02 7.5 1  1 . 04 59 

42 1 5. 03 7. 57 1 . 03 6 1  1 5 . 04 7.57 1 . 03 60 

5 1  18 . 00 8 . 98 1 . 04 6 1  18 . 0 1  8.97 1 . 04 62 

52 18.00 9 . 00 1 . 04 60 18 . 00 8 . 99 1 . 05 60 

6 1  20 . 00 1 0 . 05 1 . 04 60 1 9.94 1 0 . 003 1 .04 6 1  

62 20 . 00 9 . 97 1 . 05 6 1  1 9 . 99 1 0 . 00 1 . 06 6 1  

L-2 1 2. 02 6.00 1 . 95 60 1 2 . 02 6 . 0 1  1 .  96 59 

L-3 18 . 02 8 . 99  2 . 95 60 18 . 06 9 . 0 1  2.95 60 

Tab le  8. 4 Neoprene pad properti es . 

6 1  



3.01 

9.00 55 

55 

5.80 5.80 

57  

1 08 

S tat i c  Tests 

Be fore Test i ng After T est i ng 

Pad No. 

11 6.03 3.0 1.00 62 6.03 1.02 57 

21 4.50 1.03 60 9.00 4.47 1.05 

22 5.90 5.85 1.00 60 Bonded 

31 11. 85 5.96 1.00 56 11.87 5.97 1. 01 

32 11. 80 1.02 63 11.88 1.03 

51 11. 88 11. 80 1.00 61  11. 90 11.82 1 . 02 60 

52 11. 78 11. 81 1.00 59 11 .83 11.87 1.02 

Tab le B.5 Buty l pad prope rt i es. 
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AP PENDIX C 

Repetitive Reversed Shear 

Standard Method of Test 

1 .  Center steel bearing plate and roller assembly. 

2. Adjust horizontal deflections to one-half the thickness of the pad used for 
the test. 

3 .  Warm up strain indicator and set attenuator at 1. 

4 .  Center 6 by 1 2  inch pad on lower concrete surface with plywood j ig. 

5 .  Apply a vertical load until the bearing p late and roller assembly is clear 
of support posts. 

6 .  Adjust strain indicator for a reading of +25(e10-6 in. /in.e). 

7 .  Apply load until a strain of 000 is indicated. 

8 .  Set vertical deflection dials at zero. 

9 .  Apply a load ofe� kips in one minute; this corresponds to a strain indi--
cation of 700( 1 0  in. /in. ), a pressure gage reading of 1830 psi, and a 
pad stress of 500 psi. 

10. Record deflections at 1 , 2 , 3, 5, 10, 1 5  and 30 minutes. 

1 1. Increase the load for a pad stress of 700 psi for the overnight static creep. 

12. After approximately 1 2  hours of creep, reduce the stress level to 500 psi
and hold for an additional hour. 

1 3. Warm up electronic recorder. 

14. Check the zero setting on the fol lowing: recorder, cycle counter, and 
electrical pump pressure gages. 
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15. Tighten bearing block bo lts in sequence. 

16. Record time and begin horizontal cyc ling. 

17. Record horizontael forces for ten seconds and maintain constant vertica l stress. 

18. Run 33 cyc les, stop horizontal bearing p late in center position, loosen 
bearing block bolts, check vertica l stress I eve I ,  and read vertical def lection 
gages. 

19. Repeat steps 16, 17, 18 and increase the number of cycles in step 19 to 
67, 100, 200 . . .  unti l the desired number of cycles are run. 

20. Plot deflections during test. 

A test run of 7200 complete reversed eye les on 6 x 12 x 1 inch 

solid pads genera l ly required 12 hours of continuous running. An increase in 

the horizonta l trave l for 6 x 12 x 2 inch laminated pads increased the testing 

time on ly slight ly. 
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A PPE N DI X  D 

Representative Standard 

Test Resu l ts Supp l i ed by Fabricators 

Phys ica l  Materia l 

Prope rties Bu tyl Ch lorobutyl E PT H ypa lon Neoprene 

Hardness , Shore , A 60 60 63 

1 00% Modu l us, ps i 2 10 273 2 1 3  836 223 

200% Modu lus,  psi 69 1  426 18  1 9  463 

300% Modu lus, ps i 1 0  10 1 1 63 853 962 

Tens i  l e  Stre ngth, ps i 2930 1654 2667 18  19  2555 

E l ongation ,  % 650 450 633 200 5 1 6 

Compress ion Set B 
0 

% 2 2  hours a t  1 58 F 15 8 . 8 24 . 6  30 . 2  1 4 . 5  

1 1 1  
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	A COMPARATIVE STUDY OF ELASTOMERIC MATERŁALS FOR BRIDGE BEARING PADS 
	CHAPTER I 
	INTRODUCTION 
	1. l General 
	In recent years elastomeric materials have received considerable atten­tion from bridge designers throughout the world. Their interest was generated 
	by the development of a material with the engineering properties of "structura I strength, together with flexibility, durability, versatility of form, and resistance to abrasion and· to the destructive action of certain liquids and gases. (14) These mechanical properties can vary widely depending on the compound of the elastomeric material. Many of these elastomers appear to be well suited for use as a structural bearing. However, the material used primarily for such bear­ings has been neoprene. Neoprene ha
	11 

	The deformation and behavior of elastomeric bridge bearing pads are largely influenced by service loads and bridge conditions. While only a limited amount of information has been accumulated pertaining to the problems peculiar 
	2 
	.. 
	to elastomeric bridge bearings, research literature concerned with the general 
	behavior of elastomers is voluminous and of long standing . However, this past 
	research has contributed little information for the use of elastomeric bearing 
	pads, and present knowledge has advanced primarily by empiricism. 
	Several new elastomeric materials are now being produced which have engineering properties comparable to, and in some cases superior to neoprene. However, very limited data are available which would indicate that these mate­rials will function satisfactorily as bridge bearing pads. The limited number of researchers have avoided the testing of the newer elastomers, while investigating the specialized problems of elastomeric bearings made of neoprene. However, a limited number of studies have induded some of 
	The use of elastomeric bearing pads appears to be of importance in view of the economic advantages to be gained by the use of these pads versus the use of the generally more expensive conventional pedestals and shoes, rollers, sliding plates, and fixed bearings. These economic advantages are generally due to the lower cost of elastomeric materials, ease of placement and positioning, and the elimination of lubrication, cleaning, painting, and replacement of bear­ing devices. In addition, some of the less obv
	3 



	1.2 
	1.2 
	1.2 
	Terminology 

	The following basic 'definitions for elastomeric materials which are used 
	in this paper are generally accepted by the rubber industry and persons associated 
	in this field. (3) 
	The ability of an elastomeric specimen to with­
	Abrasion Resistance. 

	stand mechanic action -such as rubbing, scraping, or erosion -which progress­
	ively tends to remove material from its surface. 
	The strength of a bond formed between 
	Adhesion of Rubber to Metal. 

	a metal surface and a rubber compound. 
	A progressive change in the chemical and physical properties 
	Aging. 

	of rubber usually marked by cracking and deterioration. 
	A material which prevents or retards cracking , in rubber vulcanizates in dynamic and static exposures. 
	Anti cracking Agent. 

	Elastomeric bearing shape:i made by glueing steel plates 
	Bonded Pads. 

	to the top and bottom bearing surfaces with an epoxy adhesive (Figure 1 .5). 
	If a compressive force acts on 
	Compression-Deflection Characteristics. 

	rubber which is free to be displaced in any direction, it will undergo elastic de­
	formation, storing up its applied energy and returning most of it when the force 
	has been removed. The tests for compression-deflection characteristics constitute 
	one kind of compression stiffness measurement. ASTM Method D 575 (b) requires 
	that a specified compressive force be placed on a test pad and the resulting de­
	flection should be measured and recorded. The parameters most generally plotted 
	are applied stress versus deflection (thickness), percent. 
	4 
	" 
	The permanent decrease in a pad thickness measured 30 minutes after removal from a loading device, ASTM Method D 395. 
	Compression Set. 

	For elastomeric bearing pad, the calculated stress using the nominal unloaded bearing surface area. 
	Compression Stress. 

	Creep, Drift, or Strain Relaxation. The characteristic of elastomers to continue to deform after the initial short-time deformation resulting from a con­stant load. In this paper initial deflection is the amount of vertical deflection determined from compression-deflection tests. Time versus deflection and percent of initial deflection are plotted. 
	The total movement of a pad from the initial compressed posi­tion to the forward deflection, back to center, to the backward deflection, and back to center (Figure 1. 1). 
	Cycle. 

	The limiting stress to which a body may be deformed and return to its original shape after the force causing deformation has been re­
	Elastic Limit. 

	moved. 
	moved. 
	moved. 
	E lastomers have no real elastic limit and therefore receive some amount 

	of 
	of 
	1 1 set11 
	due to loading. 

	TR
	Elastomere. 
	Any rubber, synthetic rubber, 
	or rubber-like material that 


	wi II return to approximately its original shape with time after remova I of exter­nal compression or tensile forces. 
	An adhesive compound consisting of an epoxy resin and a hardening agent. It is used to bond steel plates on opposite faces of elastomeric pads. 
	Epoxy. 

	The molecular weakening of an elastic material resulting from repetitive shears or stresses. 
	Fatigue. 

	-
	J 
	GR-S. Government Rubber-Styrene used during World War II. 
	The procedure of applying repetitive horizontal force cycles 
	Flexinge. 

	to an e lastomeri c pad. See also Cycle. 
	. The relative resistance of rubber to the indention of a 
	Hardnesse

	blunt point impressed on its surfacee. The several methods being used are: ASTM 
	Method D 314, D 531, D 676. ASTM Method D 676 was used to determine hard
	-

	ness values in this study. 
	The capacity of a material to undergo strains that are 
	Hooke's Lawe. 

	directly proportiona I to the applied stress. E las tome rs do not ordinarily obey 
	Hooke's Law because there is not a constant relationship between stress and straine. 
	Elastomeric bearing shapes made by rubber fabricators 
	Laminated Padse. 

	by bonding steel plates to solid pads in multiple layers (Figure 1.4) . 
	The shape factor of an elastomeric pad has been deter
	Shape Factore. 
	-

	mined by Kimmi ch (11), of Goodyear Tire & Rubber Company, to be a significant 
	parameter that influences the magnitude of vertical deflections resulting from 
	alied stresses. Shope factor is the ratio of the nominal areas of one unloaded 
	pp

	bearing surface to all nonrestrained surfaces that are free to expand laterally 
	(Figure 1.2). It can be calculated using Equation (1-1). 
	S.F. = 
	LW 

	(1-1)
	2(L+W)eT 
	where: S. F. = shape factor 
	L = length of pad in inches w = width of pad in inches T = nominal or initial thickness of pad in inches 
	Shear Modulus. The ratio of the shearing stress to strain. 
	6 
	Figure
	Directions of horizontal beam movements. 
	w
	I• 
	\ \ I 
	Figure 1. 1 Horizonta I displacement eye le of a pad due to temperature differen­tial (rotations neglected). 
	Figure


	1.-•---W 
	1.-•---W 
	·I 
	Figure 1.2 Basic dimensions used in calculations of the shape factor of a pad. 
	ti 
	Figure
	Figure 1. 3 Solid pads. Figure 1.4 Laminated pads. 
	Figure
	Figure 1.5 Bonded pads. Figure 1.6 Assembly of all test pads. 
	Figure 1.5 Bonded pads. Figure 1.6 Assembly of all test pads. 
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	Shearing stresses are developed by the application 
	Shearing Stress. 

	of an external force which causes two parts of a body to slide relative to each 
	other in a direction parallel to their plane of contact. It can be expressed by 
	Equation (l-2). 
	p ( 1-2) 
	S = __L_W__ 
	where: S = shearing stress P = load in pounds
	L and W = see Equation 1-1 
	The hardness value obtained by using a Shore Duro
	Shore Hardness. 
	-

	meter, Type A-2 for ASTM Method D 676. It is a relative value on a scale 
	of 100. 
	Elastomeric bearing shapes comprised of a homogeneous 
	Solid Pads. 

	materia I (Figure l. 3). 
	The deflection resulting from an applied force expressed as 
	Strain. 

	a percentage of original thickness. 
	Stress, Force per unit of original unloaded cross-sectional area. 
	Elastomeric Materials Tested 
	A copolymer of isobutylene and isoprene. 
	Butyl Rubber. 

	A chlorinated modification of the basic butyl rubber 
	Chlorobutyl. 

	structure, 
	E PT. Ethylene-propylene terpolymer. 
	A ch lorosu lfonated polyethylene. 
	Hypalon. 

	Neoprene. Synthetic rubber made by polymerizing 2-chloro-l, 3
	-

	butadiene. 
	9 
	1e.e3 Brief Historical Review 
	Elastomeric pads have been used for bridge bearing devices beginning 
	shortly after World War II. The first elastomeric bridge bearing pads were used 
	in France in the late 1940s. (6.1) Neoprene was selected for use as a load-
	transfer bearing device because of its proven serviceability as a covering for 
	telephone linese. Neoprene was first introduced in 1932 by the E. I. duPont de 
	Nemours & Co. (Inc.). Since its introduction thousands of bridges constructed 
	with prestressed concrete beams have incorporated neoprene bearing pads because 
	of the problems encountered in the seating of this type of beame. 
	In more recent years, e lastomeri c pads have been placed as supports 
	for railway and highway bridges throughout the world. DuPont has reported (S. 1): 
	Among the most notable structures bui It with Neoprene bearings are: the Pensacola Bay Breidge in Florida; all the bridges 
	on the Van Wyck Expressway extension bui It to serve the New York World's Fair; more than 300 bridges on the Autostrada system in Italy; the two-mile Champlain Bridge across the St. Lawrence River at Montreal; the Viaduc, an elevated expressway in Brussels, Belgium; grade separation bridges on highways in the Swiss Alps; .•. Recently, the Connecticut River bridge at East Haddam, Connecticut, was re­paired, with Neoprene pads replacing worn out rollers under the two fixed spans, one of them 326 feet long. 
	Among al I the thousands of bridges bui It with Neoprene bearings, there has not been a sing le reported failure, or even a complaint. 
	Considerable economic savings were reported (15) with the use of 
	13,e728 separate neoprene bearing devices in the construction of the Chesapeake 
	Bay Bridge-Tunnel Crossing. This single item produced a saving in cost of over 
	$0.5 million over the original estimate of slightly over $1 million for mechani
	-

	cal shoes and rollerse. 
	In this country, the highway departments of California, Florida, 
	10 
	Louisiana, New Hampshire, North Dakota, Oklahoma, Pennsylvania, Rhode 
	Island, and Texas are just a few of those presently using elastomeric bearing· 
	pads. (Figures 1.7 through 1. 10) Many other states are considering the use of these pads. 
	Past history of the successful use of neoprene bearing pads resulted in the adoption of the 1961 AASHO Standard Specifications for Highway 
	1The pads sha 11 " 
	Bridges Art. 1.6 .47 -Expansion Bearings. Part (d) (1) states: 
	1 

	be of the compound known as neoprene,e. . A proposed revision of 
	March 1, 1965, de letetl the word neoprene in addition to other changes which would make it possible to use numerous elastomers that complye· with the materials specification. This complete Proposed AASHO Specification on Expansion Bear­ings is included in Appendix A. However, due to the state of the knowledge, this proposed change was not accepted at the Spring 1966 meeting of the AASHO Expansion Bearing Sub Committee. 
	1.4 
	1.4 
	1.4 
	Summary of Previous Research 

	Reports of eight test programs have been made in this country since 1958. In addition, several reports of German research have been made in recent years. Numerous test methods were used in each program. The scope 
	of the tests \Was quite varied. The parameters studied included: (1) compression­deflection characteristics, (2) shear-deflections, (3) static creep, (4) dynamic creep, (5) stress concentrations, (6) temperature, (7) repetitive loadings, (8) hole effects, and (9) bearing surface conditions. Due to the nature of the specific studies, various techniques were employed by different researcherse. These tech
	-

	Figure
	Figure 1. 7 Figure 1. 8 
	Figure
	Figure 1. 9 Figure 1. 10 Neoprene bearing pads used with prestressed girders. 
	12 
	niques will be discussed in more detail (Section 1.8). 

	1.5 
	1.5 
	1.5 
	Objectives for this Study 

	The principal reason for this study is the lack of experimental data needed by designers to ascertain whether various elastomeric materials are suit­able for use as bridge bearing pads. At present, neoprene has been the subject of most research, while very Ii ttle rnformation has been pubI ished about other elastomers. Several materials are now available which appear to have excellent mechanical and weathering properties. Therefore, the primary consideration for this study was a laboratory evaluation of the
	1. 6 Scope 
	1. 6 Scope 

	The scope of this study was limited to the following: 
	l. A II tests were conducted at room temperatures. 
	2. Butyl, chlorobutyl, EPT, hypalon, and neoprene were the mate:­rials under study. All pad samples had a nominal shore hardness of 60. Repre­sentative standard test results for these materials are included in Appendix D. 
	3, Compression-deflection characteristics were determined. 
	(a) 
	(a) 
	(a) 
	Solid, laminated, and bonded pads of each material were used (Figure 1.6). 

	(b) 
	(b) 
	AlI materia Is were tested between bearing surfaces of con­crete-and-concrete (C-C), steel-and-steel (S-5), and concrete
	-
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	and-steel (C-S) . 
	(c) Shape factors ranging from one to six were investigated. 
	4. Static creep characteristics were determined during a period of three weeks and one wee k for solid pads and bonded pads respectively. 
	(a) 
	(a) 
	(a) 
	Only pads with a shape factor (S.F.) of 1.5 were tested. 

	(b) 
	(b) 
	C-S and S-S bearing surfaces were used for each pad. 


	5. Determinations were made due to the effects of repetitive reversed horizontal forces with a sustained constant vertical stress of 500 psi on 6 x 12 inch pads. 
	As mentioned above the materials for study were butyl, chlorobutyl, EPT, hypalon, and neoprene. Samples of butyl rubber were received gratis and were included in most of the tests. Since there was some variation between butyl and the four other materials in relation to type, number, and size of pads, gen­eral comments in this paper refer to the other four materials. Special comments about differences between butyl and the other four materials wi II be held to a minimum. Results of the tests on butyl wi II b
	1.
	1.
	1.
	7 Materials for Testing 

	The materials for testing included chlorobutyl, EPT, hypalon, and neo­prene. Three types of pads (solid, bonded, and laminated) of each material were studied. 
	Although dimensions of elastomeric pads vary widely, the following pro­cedure was used to determine representative test specimens. All solid pads were to be one inch thic k, and the lengths were to be twice the width-where the 
	14 
	width of the pad is generally placed parallel to the longitudinal axis of the 
	Figure 1. 11 was plotted for one inch pads using 
	member being supported. 

	Equation (1-3) which is obtained from Equation (1-1). 
	= 2LTe(S.eF .)
	W (l -3)
	Figure

	(L-2 T (S.F.)) 
	Each material was labeled according to material, shape factor, and pad number 
	and these designations are listed in Table 1. 1. 
	Material S. F. Specimen Number Nominal Size 
	(in .e)
	. 
	Chlorobutyl -C 11 and 12 3x6xel 
	EPT -E 1.5 21 and 22 4.5x9xl Hypalon -H 2 31,32,33, and 34 6x12xl 
	Neoprene -N 2.5 41 and 42 7.5x15xl 
	Butyl -B 3 51 and 52 9xl8xl 
	3.33 61 and 62 10x20xl 
	3.33 61 and 62 10x20xl 
	Laminated Only 5 L-2 6xl2x2 
	6 L-3 9xe18x3 
	Table 1. 1 Materials, shape factors, specimen number, and nominal size of pads 
	tested in th is study. 
	Actual pad measurements are included in Appendix B. Measurements 
	of the length, width, and thickness· were made of each pad with a steel rule 
	graduated to 0.01 inche. These measurements were obtained on both surfaces and 
	the four faces and averaged to the nearest 0.01 inch. The hardness value was 
	·, 
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	1.5 Shape factor ---
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	Figure
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	Figure 1. 11 Length, width, and shape factor graph for one inch pads. 
	16 
	determined by means of a Shore A-2 durometer, A minimum of five readings was· tak'en af different points on each surface to determine an average hardness value, The maximum instantaneous value was read to the nearest whole number. Hardness values on the same untested pad usually varied less than three units. The effects of loading generally reduced hardness values, and greater hardness variations occurred on opposite bearing surfaces. 
	The number of laminated pads was limited to eight due to their higher cost. Pads with nominal dimensions of 6 x 12 x 2 in, and 9 x 18 x 3 in. with three (Figure l. 12) and four laminations respectively were selected and ordered. The pads received were incorrectly fabricated with three (Figure l. 13) and four steel plates at even spaces instead of three and four laminations as ordered. Although the outside layers were somewhat thicker than the thickness generally used, the pads were considered as fully lamin
	After compression-deflection characteristics had been determined for all solid pads, approximately one-half of these pads were used to make bonded pads. An epoxy adhesive was applied to each roughened surface of two gage 11 steel plates which were bonded to each bearing surface of the solid pad. This unit was held under load for a curing time of two days. Although the bonded pads were assembled in the laboratory, these pads are quite similar in principle to the laminated pads molded by rubber fabricators. T
	17 
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	Figure 1.e13 Laminated test pad used for this stuŁy. 
	1.8 
	1.8 
	1.8 
	Previous Research 

	A great number of tests of elastomers used for many engineering pur­poses has provided much information about the general),engineering properties and characteristics of numerous elastomeric materials. However, published test results concerning problems peculiar to elastomeric bridge bearing pads are quite limited. This stems from the fact that interest has only rece!ntly developed to­ward this particular use of elastomers. 
	Pare and Keiner (16, 2 1), early investigators concerned with the appli­cations of elastomers for bridge be'3rlng pads, studied the responses of numerous neoprene samples. An extensive number of tests were conducted in a study that included (1) vertical deflection under compressive loads, (2) horizontal and ver­tical deflection under combined compressive and shear loads, (3) creep effects due to static and dynamic loads, and (4) shape and hardness effects. Vertical deflections were found to increase inverse
	ency for the pad to "ro 1eif the width of pad was less than four times the 
	11 

	thickness. 
	Oze II and Diniz (20) have reported tests on neoprene pads conducted at the University of Florida of repeated shear loads with simultaneous com­pressive loads. Load-deformation characteristics of twenty-one pads were deter­mined before and after repetitive shear loadings were conducted. Fatigue characteristics were determined from the results of numerous non-reversed repetitive shear cycles ranging from 35, 000 to 1,090,000 at the rate of 120 cpme. 
	-

	19 
	The side cracks in nine test pads illustrated the damaging effects of shear forces 
	on neoprene bearing ,pads, however, the pads were not unserviceable. 
	Fairbanks (8), in research for his Master's thesis at Texas A & M University, studied the behavior of neoprene bearing pads which supported steel beamse. This investigation was concerned with the stresses induced in the beam and the neoprene pad due to the combined effects of a vertical reaction, beam rotation, and horizontal movements of the beam. Fairbanks reported that perma­nent deformations occurred in the beam flanges without bearing stiffeners, and higher beam stresses were developed when supported o
	in the effects of beam rotation at the support produced non-uniform bearing 
	pressures, and when the pad was as small as 1/2 and 1/4 inch in thickness the 
	back edge of the flange did not remain in contact with the pad. Therefore, 
	the author suggested the use of a minimum thickness of 3/4 inch pads for bear­ings, but he did not specify drny maximum thickness since this is usually con­trolled by the shape factor. 
	.

	An unpublished report (9) by the General Tire & Rubber Company deals specifically with laminated rubber bridge bearing pads. Compression­deflection characteristics, shear deflections, compressive creep, shear stress relaxation, and shear fatigue investigations were conducted at normal and low temperatures. A somewhat unique stu�y was made regarding fatigue effects on samples containing holes that are positioned on pins for correct alignment on abutments. Severael side cracks in test pads were noted, but due
	Clark and Mou ltrop (5) reported the effects of simulated aging and load-deformation at low temperatures. Their investigation essentially followed the procedure of the work done by Pare and Keiner, but was extended to in­clude butyl and chlorobutyl in addition to neoprene. The authors pointed out all three bearing materials displayed the same dynamic and static creep properties!', butyl and chlorobutyl were significantly more flexible than neoprene at low temperatures. 
	that although 
	11

	Enjay Laboratories (7) conducted a limited study of shear forces and deflections due to the effects of ambient temperature ranging from 78eF to -50eF. The butyl and neoprene samples exhibited a considerable increase in shear stiffness with decreasing temperatures. However, butyl pads stiffened con­siderably less than neoprene pads • 
	° 
	° 

	., 
	Nachtrab and Davidson (18) report investigations made at the Pennsyl­vania Department of Highways of load-deflection responses of test pads subjected to simultaneous compressive and shear loads. Testing rate, degree of strain, and previous deformation history of the sample were found to be significant param­eters. The authors showed that the current straight line definition of shear modulus for elastomeric materials is not applicable. 
	Suter and Collins (24) have conducted one of the most extensive series of tests to date. This study was concerned with the effects of (1) load­deformation, (2) dynamic shear and vertica I compression, (3) dynamic creep, 
	and (4) temperatures. Test samples were neoprene, butyl and urethanee. The 
	most significant conclusion of this investigation was the absence of detrimenta I 
	effects, fatigue, or any physical changes that would seriously affect the service­
	ability of these pads under actual service conditions. 
	CHAPTER II 
	COMPRESSION-DEFLECTION TESTS 
	2. 1 General 
	Compression-deflection characteristics were determined by applying loads which were uniformly distributed over the bearing surfaces. Significant parameters of this study which influence the behavior of elastomeric pads are the composition of the material, shape factor, type of bearing surface, and 
	Ieve I of compressive stress. The influences of these parameters are compared 
	in Chapter V. 
	2.e
	2.e
	2 Test Equipment 

	The compressive loading force was applied with a 200 kip universal testing machine (Figure 2. 1). At the outset of the research program the ma­chine was calibrated by a factory representative, and the calibration was checked periodically during the test program with an eight SR-4 strain gage self compensating (temperature and bending) load ceell and a hand operated hydraulic jack. Consequently, a three way static check was marntained. 
	The bearing blocks (Figure 2.2) were designed to utilize the platens of the testing machine. These bearing blocks were alternated using steel or concrete depending on the surface condition being studied. In those cases 
	21 
	22 
	Figure
	Figure 2.e1 200 kip universal testing machine used for compression-deflection testse. 
	Figure
	Figure 2 .2 Concrete bearing block connected testing machine. Test pad and di a I gages in typical positione. 
	23 
	, 
	where the lower surfaces were steel, the lower platen of the test machine was 
	used. The connection joining the upper block and testing machine was designed 
	for easy installation, adjustment, and centering. 
	Deflections due to compressive forces were measured to the nearest 
	0.001 inch with four dial gages (Figure 2.2). They were bolted to brackets on 
	0.001 inch with four dial gages (Figure 2.2). They were bolted to brackets on 
	the upper bearing blocks and positioned two each on opposite sides near the 
	corners. The deflection range of these gages is 0.e001 to 1.e000 inch. The 
	brackets were positioned in elevation to measure deflection of one inch thick 
	pads. S'pacer blocks of one and two inches were supplemented to measure de
	-

	flections of two and three inch pads, respectively. 
	2. 3 Test Procedure 
	Before actual testing was begun, calculations were made to determine 
	loads which correspond to stresses ranging from 100 to 1000 psi in increments of 
	100 psi. Nominal dimensions of each size pad were used in these calculations. 
	These load values were marked on the glass face of the load indicator of the testing 
	machine with a grease pencil to insure that the correct load·was readeduring each.test. 
	.

	The test pad was centrically positioned on the lower bearing surface. The 
	upper bearing was lowered onto the pad and an initial stress of 10 psi was applied. 
	This initial 10 psi was disregarded and not included in the net stress. All four 
	deflection gages and the load indicator were then adjusted to a zero reading. A 
	near constant rate of stressing was selected and adjusted such that each pad was 
	loaded from zero to 1000 psi in approximately two minutes. As each 100 psr 
	increment of load was reached, all deflection gages were read simultaneously. An 
	24 
	average of the four deflection values was taken to be the deflection for each 
	stress level. The maximum stress level of 1000 psi was held for times ranging 
	from one to ten minutes. The pad was then unloaded with loads and deflections 
	being recorded in the same manner as for the loading procedure. Measurements 
	of each pad were taken after the specimen had been unloaded for approximately 
	fifteen minutes. 
	A slight variation of this test procedure was used for pads tested 
	between C-C and S-S. An initiael stress of 20 psi was applied on the pads and 
	only the deflection gages were zeroed. These tests were conducted during the 
	earlier stages of the program. 
	2.e4 Presentation and Discussion of Test Results 
	An index of the parameters studied in the static tests is shown in 
	Figure 2.3. The physical dimensions and hardness values of each pad before 
	and after testing are listed in Appendix B. 
	Material 
	Butyl, Chlorobutyl, EPT, Hypo Ion, Neoprene 

	Pad Type SoliŁnded 
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	Figure 2. 3 Compression-deflection test parameters 
	Compression stress values were based on the nominael area of the pad, 
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	and deflection (T), % was calculated using the nominal pad thickness. 
	The curves produced from compression-deflection tests for bonded and laminated pads (Figures 2 .4 through 2 .8) were of the general form that was antic­ipated. However, the observations of tests conducted with S-S, C-C, and C-S quite often yielded dissimilar results (Figures 2.9 through 2.22). 
	Results were largely influenced by the rate of load application, and large variations of data were often recorded for pads of the some material, S. F., hardness, and bearing surfaces. The curves of Figures 2.9 through 2.22 were 
	not highly reproducible, but are intended only to show the general· response 
	of bearing pads between the surfaces of C-S C-C, and S-S. 
	Figures 2.23 and 2.24 show the typical response of a solid pad before loading and in a loaded condition. The lateral expansion of the pad can be observed due to this vertical load. In Figure 2.25 the typical response of a laminated pad in the stressed condition is shown. Laminated pads do not notice­ably expand laterally but bulge slightly between laminations. These pad edges were observed to rollaway from the bearing surfaces with increasing loads. 
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	Figure
	Figure 2.9 Compression stress versus deflection (T), % for butyl solid pads. 
	Figure 2.9 Compression stress versus deflection (T), % for butyl solid pads. 
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	Figure 2. 17 Compression stress versus deflection (T), % for hypalon solid pads. 
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	Figure 2. 18 Compression stress versus deflection (T), % for Neoprene solid pads. 
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	Figure 2. 19 Compression stress versus deflection (T), % for chlorobutyl solid pads. 
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	Figure 2.20 Compression stress versus deflection (T), % for EPT solid pads. 
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	Figure 2.22 Compression stress versus deflection (T), % for neoprene solid pads. 
	Figure 2.22 Compression stress versus deflection (T), % for neoprene solid pads. 
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	Figure 2.23 Butyl pad (6 x 12 inch) uncompressed (top). 
	Figure 2.23 Butyl pad (6 x 12 inch) uncompressed (top). 
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	Figure 2 .25 Laminated chlorobutyl pad under 1000 psi compression stress. 
	Figure 2 .25 Laminated chlorobutyl pad under 1000 psi compression stress. 
	CHAPTER Ill 
	STATIC CREEP TESTS 
	3.l1 General 

	Static creep characteristics were determined by maintaining a uni­form bearing stress of 500 psi until the additional deflections appeared to be negligible. Bonded pads and solid pads of 1.5 S. F. were held at this stress level for one week and three weeks respectively. The surface effects of C-S, S-S, and bonding were each investigated and compared. 
	3.2 Test Equipment 
	3.2 Test Equipment 

	The loading frame (Figure 3. 1) measured 22 x 15 x 23 in. for the outside dimensions. Four dial gages mounted on the upper platen were used to measure vertical deflections. A 100 kip hydraulic jack, hand pump, and load gage with minimum divisions of 2 kips were used for loading. The equipment (Figure 4. 1) described in Section 4.2 was also utilized for static creep tests. 
	3.
	3.
	3.
	3 Test Procedure 


	Each pad was centrically positioned on the lower platen. The upper platen was adjusted to be para I lei to the pad surface, and an initial load corre­sponding to a pad stress of 10 psi was applied. The load indicator and each deflection gage was adjusted to a zero reading thus disregarding the small 
	46 
	46 
	Figure
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	Figure
	Figure
	47 Figure 3. 1 Static creep test equipment. 
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	Figure 3 .2 Bulging sides of bonded pad under load. 
	Figure 3 .2 Bulging sides of bonded pad under load. 
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	amount :of initial stress and deflections. The time was recorded, and the total load was applied in one minute at an approximately uniform rote. The hydraulic hand pump was constantly attended during the fol lowing 15 minutes to maintain a near constant pad stress of 500 psil. Deflection readings were taken at 1, 2, 3, 5, 7, 10, 15 minutes after the initial load had been applied. Deflection occurring after the first 15 minutes of loading was at a much slower rate. Hence, constant attendance was not necessar
	3.4 Presentation of Test Results An index to the parameters studied is shown in Figure 3.2. 
	3.4 Presentation of Test Results An index to the parameters studied is shown in Figure 3.2. 
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	Figure 3. 3 Static creep test parameters 
	Figure 3. 3 Static creep test parameters 

	Test results are reported in tion, flection data (Figures 3 .4 through 3. 11). 
	Bonded pads exhibited considerably less deflection than either pads 
	Bonded pads exhibited considerably less deflection than either pads 

	terms of deflection (T), %, percent of initial deflec-and time with the initial deflection values determined from compression-de-
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	Figure 3.8 Static creep of neoprene due to 500 psi constant stress. 
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	Figure 3. 9 Static creep of bonded pads due to 500 psi 
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	Figure 3. 11 Static creep for solid pads between S-S due to 500 psi constant stress. 
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	between C-S or S-S. Although pods between C-S deflected less than pads between S-S during the first few days under load, it was observed that the final deflection was approximately the same regardless of the bearing surface. 
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	Increases of vertical deflections were negligible at the termination of the test. Variable hydraulic pressures due to daily temperature changes often caused deflection fluctuation more than the deflections due to creep in the ma­terial and did not warrant the continuation of the test for a longer time period. It should be noted the test for the chlorobutyl pad was terminated when the pad width exceeded the bearing surface width. 
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	CHAPTER IV REPETITIVE REVERSED SHEAR TESTS 4. 1 General One of the primary areas of interest regarding the uses of elasto­meric bearing pads is the effects of horizontal shear forces resulting from bridge girder movements {primarirly due to temperature changes). Repeated reversed 
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	horizontal shear forces were applied to 6 x 12 inch pads while maintaining a near constant vertical stress of 500 psi on the pads. Solid and laminated pads were individually subjected to constant reversed horizontal deflections equalling one-half the nominal pad thickness. These repetitive force applications caused an increase in vertical deflections. In addition, this repeated flexing resulted 
	in abrasive wearing of the pad. 
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	These effects wi II be discussed later in more detai I. 
	Figure
	Sect
	Figure

	Figure
	Sect
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	4.2 Test Equipment 4. 2. 1 loading Frame 
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	Whirle designing the loading frame extensive reference was made to the plans similar device designed and bui It by the Materia Is and Research Department, California Division of Highways. However, reports of any tests conducted by the Materials and Research Department have not been published. 
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	Figure
	59 Figure 4. l Loading frame and instrumentation used for repetitive reversed shear tests (RRST)r. Figure 4.2 Horizontal loading assembly 
	Figure
	The loading frame (Figure 4. 1) was designed for the primary purpose 1 and was built to withstand the full capacity of the 200 kip and 20 kip hydraulic jacks. The horizontal force was applied directly to the upper steel bearing surface. The lower bearing surface was constructed of concrete and secured in a fixed posi­tion by bearing bolts, Al! instrumentation and associated equipment were located on or near the frame. 
	of applying vertica I loads and repetitive horizontal loads

	4. 2. 2 Hydraulic System 
	4. 2. 2 Hydraulic System 

	The vertical compressive force was applied with a 200 kip hydraulic jack and hand operated pump. A 20 kip double acting jack (Figure 4.2) was regulated by a three-way electric pump and used for horizontal force appli­cations. Hydraulic pressures were indicated on three dial pressure gages and were converted to actual loaQ by mu !ti plying by the effective ram areas of the hydraulic cylinders, 
	4 .2. 3 Instrumentation 
	4 .2. 3 Instrumentation 

	The magnitude of vertical deflections was determined with four dial gages mounted near each corner of the concrete bearing block. Reversal of horizontal travel of the steel bearing plate was controlled by electrical limit switches. The amount of horizontal deflection was easily set by adjusting the position of these switches. The number of complete reversed horizontal force cycles was recorded by cm automatic electric counter. Two safety switches were positioned to avoid the possibility of exceeding the all
	load was maintained with a calibrated load cell and strain indicator. A ten­sion-compression load eel I and electronic recorder were used to monitor the horizontal loads. 
	4. 3 Test Procedure 
	4. 3 Test Procedure 

	Since the test procedure was both time consuming and complex a standard method of testing was developed and is included in Appendix C. In general, each pad was subjected to a vertical stress exceeding 500 psi for a 12 hour period preceding the test. This procedure of conditioning the pad was to ellminate--as much as possible--the continued vertical deflections due to static creep. However, during the test the vertical stress on each pad was maintained near a constant level of 500 psi. The horizontal movemen
	4.4 Presentation and Discussion of Test Results 
	4.4 Presentation and Discussion of Test Results 

	The results of this series of tests are shown as eye !es of applied hori­zontal load versus deflection (T) % (Figuresr4.3 through 4.7). Total vertical deflection is described as being comprised of essentially three incremental parts shown typically in Figure 4.3. The first increment was designated the initial short-time deflection and was determined from compression-deflection data. 
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	The magnitude of static creep deflection resulted from the 12 hour precondition
	-

	ing stress applied on the pad. The final increment of deflection was due primar
	-

	ily to the effects of repeated reversed horizontal movements of the pad. 

	During the time period just prior to the starting of the repetitive reversed shear tests (RRST), the rate of vertical deflection due to static creep had reduced to approximately 0.001 inch per hour for all pads, However, as the initial horizontal force cycles were applied, additional vertical deflections were rapidly produced. With continued horizontal flexing of the pad the rate of vertical deflections gradually reduced. It was also noted that surface temperatures of solid and laminated pads increased appr
	-
	0 
	° 

	Sect
	Figure

	Slippage between the pad and both bearing surfaces during each cycle was observed at the edges of the pads. No attempt was made to determine the actual point of slippage, but the relative amount of slippage was greater between the stee I-pad interfoce than between the concrete-pad interace. It is interesting to note that the solid butyl pad was not correctly centered at the initial compressed position, and a greater horizontal deflection occurred in one direction during the initial eye les. The deflections 
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	the sides. This bearing surface abrasion was more extensive where the contact 
	surface was concrete, 
	The bearing surfaces also had a particularly noticeable effect on the loaded shape of solid pads. The concrete surface provided a restraining condi­tion on the pad, while the steel surface allowed greater lateral pad movement. 
	This magnitude of the horizontal flexing force was found to increase slightly with the number of repetitive cycles on all solid pod tests. Conversely, this force decreased in magnitude on al I laminated pad tests. Although .all solid and laminated pads were each subjected to constant reversed deflections equalling one-half the nominal pad thickness, the magnitude of these forces varied with each material. 
	The damaging effects to the solid pads showed no correlation, except the various degrees of side abrasion to all pads. The neoprene pad exhibited only a slight crack on the width side, but a larger split was produced at an irregular pad trimming location on the length side. An extremely large split in the hypo Ion pad extended from the length edge into the center of the pad at an angle of approximately 30r. This split could have possibly resulted when the horizontal movement exceeded one-half T due to a swi
	° 

	Surface abrasion effects to laminated pads were quite similar as pre­viously mentioned. However, chlorobutyl, EPT, and neoprene pads exhibited 
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	Figure
	only slight surface weonng. The hypolon pod demonstrated much more surface wear and was the only laminated pad to develop side cracks (Figures 4. 8 through 
	4. 12, note the rubber 11filings). However, the development of these crocks did not lead to "pad failure, but in actual service conditions the presence of these cracks could seriously effect the pad life. 
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	Figure 4.8 Figure 4. 9 Figure 4. 10 Figure 4. 11 Views of side splits in the laminated hypalon pad. 
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	Figure 4. 12 Surface abrasion effects due to the concrete bearing surface. The white line denotes the inner edge of the most severe abrasionr. 
	Figure 4. 13 Ch!orobutyl edge abrasion effects due to rubbing on the concrete bearing surface. 
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	CHAPTER V 
	LOAD-DEFLECTION COMPARISONS 
	5. 
	5. 
	1 Compression -Deflection 


	Probably more test data has been accumulated during previous research concerning compression-deflection characteristics than any other property of elastomeric bearings. This test is relatively easy to conduct but is unquestionably one of the least significant tests depicting pad behavior under actual service loads. However, the effects of such parameters as shape factor, hardness, material, compressive stress, testing rate, and bearing surfaces with respect to deflections are quite readirly comparable. 
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	Data from bonded and laminated pad--test results (Chapter II) were used to compare pad materials of three shape factors (Figure 5. 1). Referring to this figure it can be observed that: 
	1. vertical deflections decrease as shape factors increase, 
	1. vertical deflections decrease as shape factors increase, 

	2. variations between individual material responses are a function of the shape factor, i.e., the deflection for pads of the low number shape foe-tors demonstrate greater sensitivity to the material under load than the higher number shape factors which tend to more closely agree with the deflections of other materials. 
	3. an approximate linear compression-deflection relationship is ex
	3. an approximate linear compression-deflection relationship is ex
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	Figure 5. 1 Comparison of compression-deflection characteristics for bonded and laminated pads of all materials. 
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	hibited by the higher number shape factors while the relationship for pads with a shape factor of one is definitely nonlinear, and 
	4. chlorobutyl is more sensitive to load than the other materials re­gard Iess of shape factor. 
	A comparison for neoprene and butyl (Figures 5,2 and 5.3) demon­strates the effect of surface conditions on vertical deflections. From these two figures it can be noted that much larger deflections occur for pads between S-S, and deflections decrease in order when the surfaces are C-S, C-C, and bonded. 
	Since bearing pads may be used in conjunction with concrete or steel bridge girders and concrete abutments, it appears that very similar deflection responses will occur for either condition. However, if steel shims (for the ele­vation adjustments) are used on the pad surfaces, greater initial short-time deflec­tions can be expected. 
	By reference to Figure 5. 1 it can be obselVed that in changing from a shape factor of six to one there is approximately a six fold increase in de­flection, from six to three a two forease, and fm three to one less than a two fold increase. Since a pad with a shape factor of three is about the largest solid pad size that can be placed under a standard bridge girder, the engineer is faced with the problem of control ling deflections, 
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	If the AASHO Specifications are fol lowed, the engineer must not ex­ceed the unit pressures of 500 psi under dead load nor 800 psi under a combi na­
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	tion of dead and live load plus impact. In addition, the initial deflection under dead, live, and impact loads shalI not exceed 15 percent of the pad thickness. Further, the pad dimensions must be less them the dimensions of the t 
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	Figure 5.2 Comparison of neoprene pads for surface condtions of S-S, C-S, and bonded. 
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	Figure 5. 3 Comparison of butyl pods for surface conditions of C-S, C-C, and bonded . 
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	supports. 78 Deflections are usually control led by using larger shape factors. In-
	creasing the shape factor is generally accomplished by (a) increasing the bearing area while maintaining the same pad thickness, or (b) decreasing the pad thickness and using more thicknesses with laminations if the bearing area is limited or is a maximum for the beam being supported. However, it should be noted that the introduction of laminations is expensive. For example, the use of a laminoted unit containing three or four steel plates is approximately ten times more expensive than a one inch solid pad 
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	It has been noted (Section L 3) that the 1961 AAS HO Specification allows only neoprene to be used for expansion bearings. However, in view of the 15 percent initial deflection limitation which essentially necessitates the use of pads with a shape factor of three or larger (for reasonable design stress levels), these compression-deflection tests have shown that butyl, chlorobutyl, 
	EPT, and hypalon are virtually equivalent to neoprene for shape factors greater than three in their responses to short-time loadings, 5. 2 Static Creep The Goodyear Tire and Rubber Company has written (1r1), 
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	Determination of creep has always been difficult because some creep is bound to occur while the initial or elastic deformation is being measured. It is customary to take the initial reading at some arbitrary time interval such as thirty seconds, one minute or five minutes after applying the load, 
	Figure
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	and any creep occurring in this period is not charged against the compound. This practice is consistent with creep determinations in other fields of structural materials where the initial stage is usually discounted. 

	However, the nonconformity of elastomeric materials to the normal concepts of small deflection theory applicable for relatively rigid materials has been well established. Therefore, the greater sensitivity of elastomers to the time dependent phenomenon of creep shou Id not be assumed consistent with creep of other structural materials. The practice of taking the initial reading at some arbitrary time interval can produce a wide range of the values for graphs showing percent of initial deflection since defle
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	The total deflection responses of the pads investigated were quite similar (Figures 5.4 through 5.6) except a noticeable difference in the rate of deflection was observed during the first three days under load (see specifically Figure 
	-
	-

	5.5)r. However, the deflection rate difference does not appear to be of significance since virtually all deflection Id occur during the bridge construction period, In general, deflections increase at a very slow rate after the first 
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	Figure 5.4 Comparison of total deflection for bonded pads due to 500 psi constant stress. 
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	several days under load" It has been reported .2) that this slow rate continues for approximately 100 days before approaching an asymptotic limit. An unexpected fota I deflection response was observed for pods between 8). It was noted (Section 5. l) that larger 
	S-S and C-S (see Figures 3. 7 and 3
	0 

	However, the roughness of concrete appears to affect only the short-time defrec­tion since almost identical total deflection responses were observed for pads be-· tween S-S and C-S. 
	short-time deflections occurred for pads between S-,S than for pods between C-S, l

	From Figure 3. 9 it can be observed that deflections due to creep in the various materials for bonded pads resulted in a 15 to 35 percent increase above the short-time deflections. Comparatively, from Figure 3,r10 unbonded solid pads between C-S exhibited a 65 to 95 percent increase above the short-timeflec­tions. 
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	deflections were significantly ller for bonded pads than 
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	However1 if this type of pad is required for field 

	laminated pad should be formed by a rubber fabricator, and field bonding is not recommended, An adequate bond of this type is difficult to obtain between steel plates , and the possibility of a bond fowou Id increase deflec-
	Figure
	-
	i 
	Figure

	In all tests neoprene was observed to de­flleast while chorobutyl incurred the largest deflections, 
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	tions appreciably (approximately 50 percent), The relative order of the material deflections wil'h reference to bonding, 
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	Table 5. 1 Increasing order of material deflections due to static creep (500 psi constant stress). 
	Table 5. 1 Increasing order of material deflections due to static creep (500 psi constant stress). 
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	5. 
	3 Repetitive Reversed Shear 

	Figure

	A comparison of the vertical deflection responses for laminated and solid pads subjected to horizontal flexing is shown in Figure 5. 7. Relative order of the material deflections is listed in Table 5.2. It should be noted that these observations were made with only one solid pad of each material. Similarly, the relative order of the deflections measured from the four laminated pads teis listeTable 5.3. 
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	As previously mentioned, pad temperatures increased above room tem
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	peratures using a flexing rate of 10 cpm. Ozell and Diniz (20) used reversed flexing rate of 120 cpm and noted the pads were warm to the touch, but never hot• Suter and Collins (24) used a slower cycling speed of2 cpm, and "completely prevented internal heat buildup• In discussing the Ozell and Diniz paper, McCready (13) commented, it is safe to assume that considerable frictional heat developed which contributed to the failure of the neoprene pads. The rate of shear distortion of bearing pads in service wo
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	The writers feel that the temperature effects from the intermediate flexing rate (10 cpm) used fois study should not be disregarded. However, the rate 
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	Figure 5.7 Comparison of vertical deflections measured during the application of horizontal load cycles. 
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	Increasing order of solid pad deflections (RRST) . 
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	Table 5.3 Increasing order of laminated pad deflections (RRST). 
	Horizonta l Load, pounds 
	Pad Type Beginning of Test End of Test 
	B-32 Solid 5300 5700 
	II
	C-34 6600 7200 
	II
	E-32 8400 9600 
	II
	H-34 8400 9300 
	II
	N-34 6600 7100 
	Cl.:-2 Laminated 5300 4700 
	II
	EL.:.2 7600 7200 
	II
	HL-2 8600 7800 
	II 
	, NL.:.2 7500 7000 
	Table 5.4 Repetitive reversed shear tests. 
	of flexing used in this study was selected in an effort to minimize the temperature 
	effects and still complete the test in a reasona6le length of time. By reference 
	to Figure 5. 7 it appears that significant vertical deflections were developed due 
	to flexing (particularly for the•solid pads). The writers are inclined to attribute 
	these deflections to the method of test used, even though a relatively slow flex
	-

	ing rate was employede. It should be noted further that fatigue tests for many 
	structural materials are performed at high flexing rates, but fatigue results for 
	elastomeric materials appear to be significantly biased by the rate of flexing. 
	The method of test employed in this study was to simulate the beam 
	movement for a 120F temperature change occurring daily during a 10 year peri
	0
	-

	od for 100 to 300 foot spanse. Obviously, daily temperature differentials of this 
	magnitude are not realistic, nor do the beam movements occur so rapidly. How
	-

	ever, if a bearing pad can withstand the severity of this test, then it is not like
	-

	ly to fail under actual service conditions. 
	The abrasion of the sides of the solid pads resulted from the rubbing of 
	the pad sides against the concrete bearing surface as the pad was subjected to 

	horizontal flexing. This abrasion was generally negligible, and the chlorobutyl 
	pad was most noticeably worn (Figure 4. 13). 
	Some bearing surface abrasion was noted on all laminated pads. This 
	Some bearing surface abrasion was noted on all laminated pads. This 

	abrasion was most prominent about one-halfi an inch inside the pad bearing surface 
	edge (Figure 4. 12). The hypalon pad received noticeably more surface abrasion 
	than the other laminated pads and, in addition, exhibited extensive splits in the 
	pad sides. Although this pad did not completely fail (become unserviceable), 
	these side cracks potentially could be det'rimental during the service life of the pad. 
	88 
	88 
	5.4 
	5.4 
	Summary 

	The results and comparisons of this study have shown that various mate­rials exhibit virtually the same load-deflection responses. The current AASHO Specification sets design limitations based on initial deflections only. In Sec­tions 5. 1 and 2.4 it was shown that very little difference was observed in the deflection responses of butyl, EPT, hypalon, and neoprene (chlorobutyl exhibited greater deflections than all materials) . In fact, if short-time initial deflections were the only design consideration, h
	However, with reference to tota I deflection creep responses, (Figures 5.4, 5.5, and 5.6) neoprene exhibited the smallest deflection followed by EPT, butyl, hypalon, and ch lorobutyl. It should be noted that these differences be­tween material deflections were observed with a shape factor of 1.5 and less variation wou Id occur with pads of a larger shape factor whtch would probably be used for field applications. To reiterate, virtually the same time-load-de­flection responses were demonstrated by all of th
	The excessive horizontal deflections and the rate of flexing were un­doubtedly much more severe than the conditions to be expected in the field. Therefore, it cannot be stated with certainty that hypalon could not serve sat­isfactorily as a bridge bearing pad . However, since the other materials were not noticeably damaged even due to the severity of the test, these materials appear more desirable than hypalon for pad usage. 
	89 
	In each series of tests chlorobutyl pads were observed to undergo larger 

	vertical deflection than the pads of other materials . How ever, the low tempera­ture flexibility of chlorobutyl as wel I as butyl (5) is a primary advantage over neoprene . If a bridge bearing wil'I be subjected to extremely cold temperatures, this flexibility property gains significant importance over the slightly larger ver­tical deflections of butyl and chlorobutyl. No test results concerning the cold temperature behavior of EPT were available. 
	CHAPTER VI 
	CHAPTER VI 
	CONCLUSIONS AND RECOMMENDATIONS 
	6. 
	6. 
	l General 

	The major objective 0f this study was to determine, analyze, arid com­pare the load-deflection responses of five elastomeric pad materials. The conclu­sions and recommendations made herein are restricted to the scope of this study (Section 1.6), and no consideration was given to the probable effects of tempera­ture and repetitive vertical load applications. However, the reader should be cognizant that these actual service condition parameters require further study. 

	Responses of the different materials were investigated using three basic methods of testing. Results of these tests were utilized to analyze and compare the overal I behavior of the test pads (Chapter V). Comparison with published information was generally not possible due to various testing procedures employed and the sparse number of tests including materials other than neoprene. 
	6.
	6.
	6.
	2 Suggestion for Future Research 


	As mentioned in Section 5.2, the creep phenomenon of all elastomeric materials is lacking a common qualitative base or definition. Such a working qualitative definition :is:needed .to correlate experimental work. Creep is highly responsive to stress level and temperature and needs further study. 
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	The effects of millions of repetitive vertical loads applied during the life of bridge structure have only been tokenly studied (24) . A definite problem exists in devising a representative test method since a considerable difference exists between a feasible method of test of reasonable time length and the rate of load application and beam movement under actual bridge conditions. Elasto­mers do not respond as typical structural materials and future test methods must closer approximate actual service condit

	Since no consistent mathematical relationship has been derived be­tween shape factor, compressive stress, or any other parameters, present infor­mation is limited to empirical analysis. Work toward general analytical equa­tions using the parameters mentioned above is needed for easier design of elastomeric bridge bearing pads . 
	6.3 
	6.3 
	6.3 
	Final Conclusions 

	The test data recorded herein is limited to room temperature studies. 

	Noting the previous limitations (Section 1. 7), the test results support the follow­ing conclusions: 
	1. 
	1. 
	1. 
	The currently accepted relationship for compression-deflection characteristics that deflections increase with decreasing shape factors is valid for the materials and bearing surfaces studied. 

	2. 
	2. 
	2. 
	Al I materials exhibit greater short-time deflections when the bear­ing condition is S-S and decrease in order when C-S, C-C, and bonding are employed. However, from static creep tests it is concluded that only the rate 
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	of short-time deflections is greater for pads between S-S than between C-S, and combined pad deflection under load is approximately the same for both surfaces. 
	3. The effect of bonding greatly restrains lateral pad movement, and, as a result, short-time deflections and static creep deflections are significantly less than for unbonded solid pads subjected to similar stress conditions. 
	4. Static creep deflections increase significantly during the first few 
	days under load. 
	5.. Results of these tests have shown that static creep deflections are of considerable magnitude. Neither the current or Proposed AASHO Specifica­tions stipulate any recognition for static creep effects, but it is obvious that these additional deflections are significant. 

	6. A limited number of rather severe horizontal flexing tests demon­strated that hypalon pads exhibited extensive bearing surface abrasion arid splits in the pad sides. Since the other four materials ·were· not noticeably damaged, hypalon is considered undesireable for bearing pad usage. 
	7. With the exception of pads compounded of hypalon, the effects of horizontal deflection movements wi II not cause concernable pad abrasion even if slippage occurs between the pad and the bearing surfacese. 
	8. Solid pads as well as laminated pads {limitation for the use of laminated pads only in the Proposed AASHO Specification) can be used for bridge bearings. However, bonding solid pads to steel plates is not a recommended 
	field procedure, but this process should be performed by a rubber fabricator. 
	9. Laminated pads ·exhibit more 'desirable load-deformation behavior 
	9. Laminated pads ·exhibit more 'desirable load-deformation behavior 

	than solid pads of the same plan dimensionse. However, laminated pads are more 
	93 
	93 
	expensive than solid pads of the same volume. 
	10. 
	10. 
	10. 
	The current and Proposed AASHO Specifications appear conserv­ative for the limitations on vertical deflections. The initial deflection limit of 15 percent could reasonably be raised. 

	11. 
	11. 
	There appears to be no justification for the current stipulation made by AAS HO that specifically bearing pads compounded of neoprene be used. Pads compounded of butyl, neoprene, EPT, and chlorobutyl ( in order of prefer­ence) all demonstrate ,aesi-rabl'e load-deflection responses. The use of elasto­menc bearing pads of these materials appears practicable. 


	6.4 Recommendation for Design Procedure 
	As discussed in Chapter V, the magnitude of vertical pad deflections is due primarily to short-time initial and static creep deflections. In order to determine total deflections for either solid or laminated pads, the engineer must use the appropriate design curves. Utilizing the test results and curves presented herein, the current AASHO Specifications, the Proposed 1965 AASHO Specifica­tions, and suggestions from previous research, the following suggestions are made for a design procedure of elastomeric b
	1. 
	1. 
	1. 
	The maximum vertical compressive stress due to dead, live, and impact loads shall not exceed 800 psi. 

	2. 
	2. 
	Sustained vertical compressive stresses shall not exceed 500 psi due to dead load. 


	3. The minimum plan dimension of the pad shall be at least five 
	times the thickness. 
	4. 
	4. 
	4. 
	Solid pads shall be either 3/4 inch or one inch in thickness. 

	5. 
	5. 
	Individual laminations shalel be at least 1/4 inch in thickness. 

	6. 
	6. 
	The maximum horizontaI force developed from horizonta I beam 


	movement shalel be calculated (see references 6. 1 and 21). 
	7. Bearing stiffeners at the support shalel be used with steel gi-rders. 
	The selection of the pad dimensions can be determined by using the 
	following procedure. 
	1. The pad dimensions should be a minimum of one inch less than the 
	dimensions of the beam and the support. 
	2. The total pad area required 1s determined by the maximum loads to 
	be carried by the bearing. 
	3. With the pad length, width, and compressive stress known, the 
	required shape factor is determined from the appropriate compression-deflection 
	curve by using a deflection less than 15 percent ŁT). 
	4. The required pad thickness is found by using Equation 1-1 rewrit
	-

	ten as fol lows: 
	T 
	T 
	T 
	= 
	LW 2(S. F.) L + W) 
	(6-1) 

	5. 
	5. 
	The additionael 
	deflection due to static creep 1s calcuelated by 

	assuming 
	assuming 
	an 
	asymptotic percent value from the appropriate static creep 
	curve 


	showing percent of initial deflection and multiplying this value ff mes the short-
	time initial deflection. 
	time initial deflection. 
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	APPENDIX A 
	PROPOSED AASHO "DESIGN" SPECIFICATION 
	1.6.47 -Expansion Bearings 
	Spans of less than 50 feet may be arranged to slide upon metaI plates 
	with smooth surfaces and no provisions for deflection of the spans need 
	be made. Spans of 50 feet and greater shall be provided with rollers, 
	rockers, or sliding plates for expansion purposes and shall also be pro­
	vided with a type of bearing employing a hinge, curved bearing plates 
	or pin arrangement for deflection purposes. Elastomeric bearings may 
	also be used in agreement with the following definitions and criteria: 
	a) The relationship between the loaded face and the side areas is expressed as "Shape Factor". For rectangular shaped bearings with parallel loading surfaces 
	S = LW 
	2t (W) 
	L + 

	Where S = Shape Factor 
	L = Length measured parallel to direction of travel 
	W = Width measured perpendicular to direction of trove I 
	t = Functional rubber thickness -the thickness of one lamina or distance separating internal reinforcing plates 
	b) For non-reinforced bearings: Mine. L = 5T, Min. W = 5T For reinforced bearings: Min. L = 3T, Min. W = 2T 
	Where T = Total effective rubber thickness = Summation of "t's" plus the top and bottom skin thicknesses. 
	Bearings shall have built in taper when non-parallel load surfaces under dead load conditions produce 6% additional strain of "T". For bearings with built in taper (not over 5% slope to accomo­date non-parallel load surfaces) "t" shall be the average thick­ness of the tapered lamina. 
	98 
	The average thickness of the top or bottom skin shall not be greater than "t". 
	c) The total of the positive and negative movements caused by 
	1•
	1
	T
	11 

	anticipated temperature change shall not exceed one-half 
	Refer to TABLES A & B in "Material Specification for Elasto­
	meric Bearings" for Shear Stress Values. 
	d) Average unit pressure on e lastomeri c bearings sh al I not exceed 800 psi under a combination of dead load plus live load, not including impact. The average unit dead load pressure shall not exceed 500 psi, nor be less than 200 psi. When dead load plus live load uplift reduce average unit pressure to less than 200 psi, the bearing shall be secured to the top and may be secured to the bottom surface; when secured to the bottom surface the bearing may take momentary light tension. 
	e) The initial deflection under dead load plus live load, not in­cluding impact, shall not exceed 7% T!'e; or including all1 deflection influences, such as impact, rotation and non-parallel· load surfaces, the total strain shall not exceed a max. of 15% 11T1• The deflection can be determined by a plot of "Shape Factor" versus percent strain for the material of the hardness under consideratione.e' 
	1 
	1 

	PROPOSED AASH 0 
	"MATERIAL" SPECIFICATIONS FOR ELASTOMERIC BEARINGS 
	1. 
	1. 
	1. 
	Elastomeric bearings shall be cast as a single unit including multiple layer bearings separated by non-elastic sheets to Łestrain deformation in thick bearingse. 

	2. 
	2. 
	The elastomer compound shall meet the requirements as contained in either TABLE" A or TABLE B. 


	TABLE A 
	TABLE A 

	ASTM 
	ASTM 
	ASTM 

	Standard 
	Standard 
	Physical Properties 
	50 Dure 
	60 Dure 

	TR
	Hardness ASTM-D676 
	50 ± 5 
	60 ± 5 

	TR
	Tensile strength, min. psi ASTM-D4e12 Ultimate elongation, min. % 
	2500 400 
	25oif 400 

	TR
	Heat Resistance 

	A 13 D573 70 Hr.° 
	A 13 D573 70 Hr.° 
	Change in durometer hardness, max. points Change in tensile strength, max. % 
	+ 10 25 
	+ 10 25 

	@158e
	@158e
	F 
	Change 1n ultimate elongation, % 
	max. 
	-25 
	-25 

	B13 
	B13 
	Compression Set 

	D395 
	D395 

	Method B 
	Method B 
	22 hours @ 158e° F, 
	max. % 
	25 
	25 

	Cl2 
	Cl2 
	Ozone 

	Dl 149 
	Dl 149 
	25 pphm ozone in air by volume 20% strain 100e° F + 2e° F, 48 hours, Mounting 
	No cracks 
	No cracks 

	TR
	procedure D5e18, 
	Procedure A. 

	K21, 
	K21, 
	D429, 
	B 
	Adhesion 

	TR
	Bond made during vulcanization, lbs. per inch 
	40 
	40 


	Low Temperature Test 
	Bearing or sample preparation 
	96 hours @ -20 F + 2 , axial load 1 *
	° 
	° 
	1
	T
	11

	500 psi and strain of 20% 
	Test 
	Recorder shear resistance after (1) one hour (in'in.) at 25% shear strain psi shal I not exceed 30 40 
	The above properties are equated to the ASTM Specification D2000-63T, Part 28 Line Cal I-Out, 4AA525A 13B 13C12 K21 z12K21Z, for 60 durometer. 
	1
	, for 50 durometer and 4AA625A 13Bl 3C
	-
	1

	TABLE B 
	ASTM Standard 
	ASTM Standard 
	ASTM Standard 
	Physica l 
	Properties 
	50 
	Dure 
	60 Dure 

	TR
	Hardness AST M-D676 Tensi le strength, mi n. psi Ultimate elongation, min . 
	ASTM-D412 % 
	50 ± 5 2500' 450 
	60 .±. 5 2500 400 


	Heat Resistance 
	Heat Resistance 

	A14 Change in durometer hardness, max. D573 points 
	70 hr. Change in tensile strength, max. % @2 12 F Change in ultimate elongation, 
	° 

	15 
	max. % -40 -40 
	B 14 
	Compression Set 

	D395 
	Method B 22 hours @ 212F, max. % 35 
	0 

	C12 Ozone 
	hm ozone in air by volume 
	100 pp

	20 % strain No cracks No cracks Dl 149 100 F + 2 F, 100 hours, Mounting 
	° 
	° 

	procedure D518, Procedure A. 
	K2 1 D429, B 
	Adhesion 

	Bond made during vulcanization, lbs. per inch 40 
	40 
	Effective rubber thickness 
	*

	102 
	st 
	Low Temperature Te

	o 
	load 500 
	Test 
	50 
	3. 
	3. 
	3. 
	shall qualei fy on the "Low Temperature Test" by submit­i ng a curve or curves certifi ed to the purchaser that the beari ngs meet specifi ed requirements. 
	Each manufacturer 
	t
	the 


	4. 
	4. 
	sti c Lami nations 
	Non-Ela



	sti c laminations shal I be rolled ASTM-A-36 mi Id steel or 
	The non-ela

	s as shown on the plans. 
	approved equivalent sheets of the thicknes

	5. ssurance 
	Quality A

	s of the bearings s hall conform to the following s pecifications under laboratory test conditi ons: 
	The mechanical propertie

	a) 
	a) 
	a) 
	ssion strain of elastomeric bearings shall not exceed 5% effecss at 500 ps i nor 7% at 800 psi. 
	Compre
	:.. 
	tive rubber thickne


	b) 
	b) 
	s istance of the bearing shall not exceed 30 psi for 50 s i for 60 durometer TABLE A compounds : nor 50 si for 50 durometer or 75 ps i for 60 durometer TAeBLE B compounds strain of the effective rubber thickness after an extended four-day ambient temperature of .:.20eF. 
	The shear re
	durometer or 40 p
	p
	at 25% 
	° 



	6. All tolerances, relative dimensions, finishes and appearance, flash, and shall meet the requirements as contained in TAeBLE C. 
	rubber-to-metal bonding, 

	TABLE C 
	Figure

	Figure
	Symbol Requirement 
	Symbol Requirement 

	A3 
	Sect
	Figure
	Commercial finish, Table V, Page 20. 
	T.063 Tear trim tolerance no hand trimming required, Table VIe, Page 23. 
	B2 Class 2, Method B. Minimum bond destructive value Table VIeI, Page 25. 
	Grade 2 Bond destructive value at 40 lbs. per inch Width, Table VI 11, Page 25. 
	The above properties are equated to the Rubber Manufacturing Specification in the RMA Handbook 2nd Edition as follows: A3-F3-T .063-B2 Grade 2. RMA Association, Inc.e, 44 Madison Avenue. New York 22, New York, Price $1.e50. 
	APPENDIX B 
	APPENDIX B 
	APPENDIX B 

	Static Tests 
	Static Tests 

	Before Testing 
	Before Testing 
	After Testing 

	Pad No. 
	Pad No. 
	L 
	w 
	T 
	SH 
	L 
	w 
	T 
	SH 


	11 6.02 
	1.05 60 6.04 
	3.01 
	1.07 
	58 

	12 6.04 3.00 1.05 60 6.04 3.01 1.05 
	21 9. 10 
	1.02 60 9. 13 4.56 1.05 56 
	22 9. 14 4.60 1.04 60 9. 15 4.65 1.05 56 
	31 12.08 
	1.04 61 12.32 6. 12 1.02 
	32 12.02 6.01 1.03 60 12.31 6.07 1.03 
	11.98 6.01 1.05 60 12.24 6. 13 1.02 55 
	34 12.08 6.05 1.03 
	12.28 6. 15 1.02 55 
	41 15.08 7.53 1.05 58 15. 12 7.55 1.05 56 
	42 14.99 7.60 1.04 58 15.02 7.63 1.06 
	51 
	51 
	51 
	17. 99 
	9.00 
	1.09 
	60 
	17.98 
	8.97 
	1. 11 
	58 

	52 
	52 
	17.97 
	9.01 
	1.08 
	60 
	17.97 
	9.00 
	1. 10 
	57 

	61 
	61 
	20. 13 
	l O. 11 
	1.05 
	59 
	20 . 17 
	10·.,4 
	\. 10 
	57 


	10.07 1.08 
	58

	20. 10 10. 10 1.07 
	62 
	60 

	12.05 6.03 
	1. 95 
	53

	L-2 12.02 6.00 
	1.90 

	18.07 9.02 
	L-3 18.06 9.00 
	Table B. 1 
	Figure
	105 
	Static Tests 
	Be fore Testing After Testing 

	Pad No. L w 
	T 

	L w T SH 
	L w T SH 
	1.02 63
	11 6.01 3.03 1.03 67 
	6.06 
	3.03 

	1.04 68 6.07 3. 11 1.03 63
	12 6.02 
	1.03 63 8.97 
	4.58 
	1.04 

	8.99 

	22 9.03 4.52 1.05 
	65 

	6. 13 
	6. 13 
	68
	31 12.05 6.02 
	12.08 6. 10
	32 11. 99 6.03 
	1.03 

	1.02 64
	12.06 
	11. 99 6.01 
	1.01 

	12.05 6.06 
	1.02 
	64

	1.02 67
	12.02 
	1.01 63
	66 15. 13 
	41 15. 10 7.50 
	1.00 

	15.07 
	1.03 65
	42 15.07 
	1.04 64
	18. 18 
	51 
	18. 19 9.
	04 
	1.0
	4 

	52 18.02 8.9
	1 

	65 
	20 . ,s
	20.02 
	1.93
	6.01
	12.01
	1.88 
	67

	12.00 
	18.06 
	2.94 6
	7 

	2.94 66 
	18.02 
	L-3 
	Figure
	pad propert
	E
	PT 
	i
	es
	.

	Table B.2 
	106 
	Static Tests 
	Be fore Test ing 
	Be fore Test ing 
	Be fore Test ing 
	After Testing 

	Pad No. 
	Pad No. 
	L 
	w 
	T 
	SH 
	L 
	w 
	T 
	SH 

	11 
	11 
	6.00 
	2.98 
	1.05 
	62 
	6.01 
	3.00 
	1.04 
	60 

	12 
	12 
	6.00 
	3.00 
	1.05 
	63 
	6.01 
	3.00 
	1.01 
	60 

	21 
	21 
	9.04 
	4.47 
	1.05 
	63 
	9.02 
	4.58 
	1.05 
	62 

	22 
	22 
	9.04 
	4.52 
	1.03 
	62 
	9.03 
	4.53 
	1.03 
	60 


	31 12. 11 6.09 1.02 
	12. 10 
	6.06 1.00 58 
	32 12.03 6.09 1.03 59 12.05 6. 14 1.03 
	33 
	33 
	33 
	11. 98 
	6.02 
	1.04 
	61 
	12.01 
	6.05 
	1.04 
	61 

	34 
	34 
	12.03 
	6. 12 
	1.06 
	62 
	12.01 
	6.06 
	1.05 
	60 

	41 
	41 
	15.00 
	7.51 
	1.06 
	62 
	15.03 
	7.51 
	1.06 
	61 

	42 
	42 
	14.97 
	7.52 
	1.05 
	61 
	14.97 
	7.52 
	1.05 
	61 

	51 
	51 
	18.00 
	9.99 
	1.05 
	65 
	18.02 
	9.01 
	1.06 
	63 

	52 
	52 
	18.00 
	8. 98 
	1.05 
	65 
	18.01 
	8.99 
	1.08 
	62 

	61 
	61 
	19. 98 
	10.04 
	1.04 
	63 
	19.99 
	10.05 
	1.05 
	61 

	62 
	62 
	20. 10 
	9.95 
	1.07 
	62 
	20. 12 
	9.96 
	1.06 
	62 


	L-2 12.02 
	1.89 67 12.03 5.99 1. 95 66 
	L-3 18.03 9.01 2.96 67 18.06 9.01 3.00 65 
	Table B.3 Hypalon pad properties. 
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	Static Tests 
	Be fore Testing 
	Be fore Testing 
	Be fore Testing 
	After Testing 

	Pad Noe. 
	Pad Noe. 

	11 
	11 
	6.00 
	3.00 
	1.03 
	65 
	6.03 
	3.02 
	1.04 
	63 

	12 
	12 
	6.00 
	2.99 
	1.05 
	65 
	6.05 
	3.01 
	1.04 
	62 


	21 9.04 4.56 1.05 62 
	9.04 
	1.05 

	22 
	22 
	22 
	9.06 
	4. 52 
	1.04 
	61 
	9.04 
	4.50 
	1.06 
	62 

	31 
	31 
	12.00 
	6.05 
	1.03 
	60 
	12.04 
	6.08 
	1.03 
	60 

	32 
	32 
	12.02 
	6.03 
	1.00 
	62 
	12.03 
	6.05 
	1.04 
	61 

	33 
	33 
	12.05 
	6.08 
	1.05 
	64 
	12.05 
	6.04 
	1.05 
	62 

	Ł 
	Ł 
	34 
	12.02 
	6.02 
	1.05 
	62 
	12.02 
	6.03 
	1.05 
	62 

	TR
	41 
	15.00 
	7. 50 
	1.03 
	62 
	15.02 
	7.51 
	1.04 
	59 

	TR
	42 
	15.03 
	7.57 
	1.03 
	61 
	15.04 
	7.57 
	1.03 
	60 

	TR
	51 
	18.00 
	8.98 
	1.04 
	61 
	18.01 
	8.97 
	1.04 
	62 

	TR
	52 
	18.00 
	9.00 
	1.04 
	60 
	18.00 
	8.99 
	1.05 
	60 

	TR
	61 
	20.00 
	10.05 
	1.04 
	60 
	19.94 
	10.003 
	1.04 
	61 

	TR
	62 
	20.00 
	9.97 
	1.05 
	61 
	19.99 
	10.00 
	1.06 
	61 

	TR
	L-2 
	12.02 
	6.00 
	1.95 
	60 
	12.02 
	6.01 
	1. 96 
	59 

	TR
	L-3 
	18.02 
	8.99 
	2.95 
	60 
	18.06 
	9 .01 
	2.95 
	60 


	Table 8.4 Neoprene pad properties. 
	Table 8.4 Neoprene pad properties. 
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	Static Tests 
	Before Testing After Testing 
	Pad No. 
	11 6.03 3.0 1.00 62 6.03 
	1.02 57 
	21 
	4.50 1.03 60 9.00 4.47 1.05 
	22 5.90 5.85 1.00 60 Bonded 
	31 11. 85 5.96 1.00 56 11.87 5.97 1. 01 
	32 11. 80 
	1.02 63 
	11.88 
	1.03 
	51 11. 88 11. 80 1.00 61 11. 90 11.82 1.02 60 
	52 11. 78 11. 81 1.00 59 11 .83 11.87 1.02 
	Table B.5 Butyl pad properties. 
	APPENDIX C 
	Repetitive Reversed Shear 
	Standard Method of Test 
	1. 
	1. 
	1. 
	Center steel bearing plate and roller assembly. 

	2. 
	2. 
	Adjust horizontal deflections to one-half the thickness of the pad used for the test. 

	3. 
	3. 
	Warm up strain indicator and set attenuator at 1. 

	4. 
	4. 
	Center 6 by 12 inch pad on lower concrete surface with plywood jig. 

	5. 
	5. 
	Apply a vertical load until the bearing plate and roller assembly is clear of support posts. 

	6. 
	6. 
	Adjust strain indicator for a reading of +25(e10in./in.e). 
	-6 


	7. 
	7. 
	Apply load until a strain of 000 is indicated. 

	8. 
	8. 
	Set vertical deflection dials at zero. 

	9. 
	9. 
	Apply a load ofeŁ kips in one minute; this corresponds to a strain indi
	-



	-
	cation of 700(10 in./in.), a pressure gage reading of 1830 psi, and a 
	pad stress of 500 psi. 

	10. 
	10. 
	10. 
	Record deflections at 1,2,3,5, 10, 15 and 30 minutes. 

	11. 
	11. 
	Increase the load for a pad stress of 700 psi for the overnight static creep. 

	12. 
	12. 
	After approximately 12 hours of creep, reduce the stress level to 500 psiand hold for an additional hour. 

	13. 
	13. 
	Warm up electronic recorder. 

	14. 
	14. 
	Check the zero setting on the fol lowing: recorder, cycle counter, and electrical pump pressure gages. 

	15. 
	15. 
	Tighten bearing block bolts in sequence. 

	16. 
	16. 
	Record time and begin horizontal cycling. 

	17. 
	17. 
	Record horizontael forces for ten seconds and maintain constant vertical stress. 

	18. 
	18. 
	Run 33 cycles, stop horizontal bearing plate in center position, loosen bearing block bolts, check vertical stress I eve I, and read vertical deflection gages. 

	19. 
	19. 
	Repeat steps 16, 17, 18 and increase the number of cycles in step 19 to 67, 100, 200 ... until the desired number of cycles are run. 

	20. 
	20. 
	Plot deflections during test. 
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	A test run of 7200 complete reversed eye les on 6 x 12 x 1 inch 
	solid pads generally required 12 hours of continuous running. An increase in 
	the horizontal travel for 6 x 12 x 2 inch laminated pads increased the testing 
	time only slightly. 
	APPENDIX D 
	Representative Standard 
	Test Results Supplied by Fabricators 
	Physical Material 
	Properties Butyl Ch lorobutyl EPT Hypalon Neoprene 
	Hardness, Shore, A 60 
	60 63 
	100% 
	100% 
	100% 
	Modulus, 
	psi 
	210 
	273 
	213 
	836 
	223 

	200% Modulus, 
	200% Modulus, 
	psi 
	691 
	426 
	18 19 
	463 

	300% Modulus, 
	300% Modulus, 
	psi 
	10 10 
	1163 
	853 
	962 

	Tensi le Strength, 
	Tensi le Strength, 
	psi 
	2930 
	1654 
	2667 
	18 19 
	2555 

	Elongation, 
	Elongation, 
	% 
	650 
	450 
	633 
	200 
	516 

	Compression Set B 0 % 22 hours at 158 F 
	Compression Set B 0 % 22 hours at 158 F 
	15 
	8.8 
	24.6 
	30 .2 
	14.5 
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