Design of Elastomer Bearings

by Charles Rejcha*

INTRODUCTION

The purpose of this paper is to
describe the design of the elastomer
bearing,.

Elastomer bearings, (Fig. 1) have
been successfully developed during
the last decade. Presently, they are
widely used in the U.S., Canada and
abroad. Properly designed, by virtue
of their simplicity, they offer an in-
genious, maintenance free, ideal so-
lution for the support of bridge
girders as well as building mem-
bers. Elastomer bearings are suit-
able for concrete or steel structures.

Elastomer bearings will absorb the
followmg types of loading (Fig. 2):

Vertical forces

2. Horizontal forces or movements

in any direction.

3. Rotational movements in any

direction.

4. All combinations of the above.

In the case of a simply supported
beam, (Fig. 3) two identical elas-
tomer bearing pads can be used,
one under each end. The advantage
of this arrangement is that the hori-
zontal load on the beam due, for
instance, to vehicle braking, is then
equally divided between the two
supports.

*Modern Engineering Corporation
New York, New York
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Fig. 1—Elastomer Bearings

Normally, it is not necessary to
fix the pads to the adjacent parts of
the structure because the maximum
horizontal force is small in compari-
son to the minimum vertical reac-
tion. Friction prevents any sliding
between the bearing pads and the
parts of the structure with which
they are in contact.

Where horizontal forces are un-
usually large in comparison to the
minimum vertical reaction, it is pos-
sible to provide a fixing arrangement.
This may be done with a pin pro-
jecting from the support through a
hole in the girder. Such an arrange-
ment is usually used where a girder
is required to be hinged on one end
and freely supported on the other
end.
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Fig. 3 Two Basic Cases of Support
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PLAIN AND LAMINATED BEARINGS

The term “plain elastomer bear-
ing” refers to a homogeneous neo-
prene or rubber bearing pad. A
“laminated elastomer bearing” is
composed of several neoprene or
rubber layers, approximately % to %
inch thick, bonded to metal plates.
The difference between a plain and
a laminated elastomer bearing can
be best explained by computing the
neoprene shear stresses due to ver-
tical load alone.

Under a vertical load, an elas-
tomer bearing bulges out along the
edges in an amount proportional to
the intensity of the loading. This
bulge-out results in shear stresses in
the elastomer material, which have a
maximum value along the bearing
surface at the center of the long side.
As an example, an 8”x10”x1”
thick plain neoprene bearing, under
an average vertical pressure of 800
psi, would be subjected to a maxi-
mum shear stress of 450 psi. This ex-
ceeds the usual allowable value of
300 psi, as discussed under Design
Recommendations.

The other consideration is the con-
tact condition between the girder or
support and the elastomer bearing
at the location of the maximum
shear stress. The vertical bearing
pressure and the behavior of plain
as well as different types of lami-
nated elastomer bearings is sche-
matically shown in Fig. 4. In this
particular location, the vertical force
might not be large enough to pre-
vent a slippage in a plain elastomer
bearing. The laminated elastomer
bearing will prevent this slippage,
by reducing the bulge-out due to a
reduced elastomer layer thickness,
as well as by bonding the elastomer
to the plates. Additional bonded
plates will reduce the bulge-out and
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the elastomer shear stresses.

For these reasons, plain elastomer
bearings may be used with low ver-
tical pressures and smaller elastomer
thicknesses which permit limited
horizontal deformation. Where large
vertical pressures and horizontal de-
formations are involved, laminated
elastomer bearings are required.
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Fig. 4 Bulge-out Effect

COMPUTATION FORMULAS

Basic formulas for laminated bear-
ings are given below. The computa-
tions should be made for one elas-
tomer layer. In cases where several
elastomer layers of different thick-
nesses are involved, each different
layer is considered separately.

A plain elastomer bearing may be
designed using the formulas below,
but in this case only one elastomer
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layer is involved.

The theory outline is discussed
under Computation Theory.
Notation

a Plan dimension parallel to
girder (in)

b Plan dimension perpendicular
to girder (in)

A Area=ga X b (in?)

t, Thickness of one elastomer
layer (in)

St, Total thickness of elastomer
(in)

t, Thickness of one reinforcing
plate (in)

St, Total thickness of all plates
(in)

t Total bearing thickness = 3¢,
+ 3, (in)

At, Vertical shortening of one lay-
er {in)

At Total vertical shortening (in)

P, Pz, Puin Vertical loads (Ibs.)

f, fmaas fmin Average vertical stresses
= P/A (psi)

D, Pmazs Pmin Actual vertical stresses
(psi)

d,, dv, d, Horizontal movements
(in)

H,, Hy, H, Horizontal forces (Ibs.)

a Total rotation around axis per-
pendicular to the girder (rad)

a, Rotation per layer = at./3t,
(rad)

8, B, Rotations as above but in the
perpendicular direction (rad)

M, Moment due to rotation a,

‘ per layer (Ib-in)

M_ Moment due to rotation—total

(Tb-in)

M 8. M 8 Moment as above but in

the perpendicular direction
(Ib-in)

G Elastomer shear modulus for
short term loading and de-
formation (psi)

G’ Elastomer shear modulus for
permanent loading and de-
formations (psi)

PCI Journal




V.,V ,V_Shear stress (psi)
c.c.,c ,C Coefficients related
to ratio b/a (no units)
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Fig. 5 Notation Symbols
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Shear Stress. Due to Vertical Load

The bulge-out results in shear
stresses, Vp, with a maximum value
at the center of the long side at the
edge of the surfaces bonded to the
plates.

Vp = Cp X %—x # (psi)

where Cp is a shape coefficient de-
pending on the ratio b/a. See Fig.
14 for values.

The shear stress at the bonded
surface at the edge of the center of
the short side is

V= Chx 1 f (psi)

where C/ is a shape coeficient
depending on the ratio a/b.

The shear value varies along the
edges as schematically indicated in
Fig. 6. The shear is zero at the cor-
ners.

Under the combined effect of the
vertical load and horizontal move-
ments discussed below, there is a
slight redistribution of the vertical
stress, p (Fig. 7). This, in turn, re-
duces the effective bearing area.
However, the above is usually neg-
ligible.

Shear Stress Due to Horizontal
Movements and Forces

Hooke’s law gives the relation be-
tween horizontal movements and
horizontal forces (Fig. 8):

d )

va=fl =c Xy (psi)
where G is the shear modulus of
elasticity for reversible and short
term movements, d, or forces, H.
This value depends on the charac-
teristics of the elastomer and tem-
perature. For permanent movements
and forces, a lower value, G/, is used
to allow for relaxation. The shear
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Fig. 6 Stresses Induced by Vertical Load
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Fig. 7 Redistribution of Verfical Stresses for
Combined Loading.
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Fig. 8 Horizontal Movement

moduli is specified by the manufac-

turer of the elastomer. Some approxi-

mate values are given in Fig. 15,
The shear stress, Vg, is uniform.

Shear Stress Due to Rotation

The rotation causes a bulge-out,
which results in shear stresses, V_,
The maximum value is along the
bonded surface at the location shown
in Fig. 9.

a? .
7 (psi)

V.=C xG Xa,x

Where C_is a coefficient depending

on the ratio b/a, and G’ is a shear
modulus.

Since rotations are mostly related
to long term movements such as non
parallel bearing surfaces and dead
load girder deflection, the G’ value
has been used. If it is necessary to
investigate the shear stresses induced
by short term rotations, use the
shear modulus, G, in the above for-
mula.

See Fig. 14 and 15 for values of
Ca, G and G,

Moment Corresponding to a
Rotation

The following is the moment trans-
mitted to the support due to one
layer of elastomer (Fig. 10):
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M =C_XGXa x &XDb

Qe ¢ 8
(Ib-in)
or substituting in the formula for V
above
C
V = a to .
a CM x Ma,,, X a3 b (pSl)

where Cy is a coefficient related to
the ratio b/a. For values of Cy see
Fig. 14,

The total moment transmitted to
the support in case of equal elas-
tomer layers is

M =M

o e
Note: In case of unequal elastomer
layers, different layers are subject to
different rotations.
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Vertical Shortening and Compres-
sive Stresses Due to Vertical Load

The decrease in thickness of one
layer due to vertical load (Fig. 11} is

Aty=CoxLxte i
te—- t XEXF(ID.)
where C; is a coefficient relating to
the ratio b/a. See Fig. 14 for values.
For values b/a < 1 find C; corre-
sponding to the ratio a/b and re-
place a by b in the formula above.
The total decrease of thickness of
the bearing will be
At =3 A¢, (in.)
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N

Fig. 9 Stresses Induced by Rotation
October 1964

Fig. 11—Shortening Due to Vertical Load
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The above does not include the ini-
tial “settlement” due to irregular-
ities of the bearing surfaces. This
initial settlement may vary from 0.01
to 0.04 zt..

The compressive bearing stress
varies from zero at the bearing edge
to a maximum at the center of the
bearing (Fig. 12). For example, for
a bearing where b/a = «, the maxi-
mum vertical compressive stress p is
15 P/A. For a bearing with b/a = 2,
the maximum stress is 1.99 P/A.

Note that an additional decrease
of thickness due to horizontal move-
ments will occur. However, this is
usually negligible.

Fig. 12—Vertical Stress Variation

Steel Plates

The tensile stress in the bonded
steel plates is directly proportional
to the compressive elastomer stress.
te
ts

Top plate stress =05 X p X

Middle plate stress = p X —Zi
8

W& 4 (7 j

Fig. 13—Steel Plate Effect
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DESIGN RECOMMENDATION

The brief summary below is fol-
lowed by a discussion of the differ-
ent requirements.

Summary of Recommendations

a =43¢, b=45t,

a = 10 da maz b = 10 db max
Ete = dr mez

fmae = 1000 psi

VP maz + Va é 300 pS]'

VP min z Va

Vur =100 psi

r 3 .
. "2 = 0.2 for concrete girders
min

= 0.1 for steel girders

d, due to braking or wind force
= e

At due to vertical load = 0.15¢

o rotation to non parallel bearing
area & girder deflection = 0.01
rad.

Note: H, n. is the resultant of all
exterior reactions and forces
generated by movements.

The following are the brief design

criteria

1. The bearing must be in “sand-
wich” contact throughout the
entire area with the girder and
with the support.

2. The bearings should be level
wherever possible. If set on a
slope, compute the extra hori-
zontal force and movements.

3. Reduce the bearing area and
the thickness to a minimum.

4. For precast concrete and steel
girders, assume a minimum ro-
tation of 0.01 radian around the
axes perpendicular to the gird-
er. This is due to the non-par-
allel bearing area tolerance and,
in lesser degree, to the deflec-
tion of the girder.

5. Reduce to a minimum, the
bearing dimension ¢ which is
parallel to the center line of the
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For moduli of a particular elastomer, consult manufacturer

Fig. 15—Approximate Shear Moduli

girder.

For laminated bearings with
layers less than 0.75”=%, use 50
durometer hardness elastomer
in order to decrease the hori-
zontal force and the danger of
slippage. Use a higher durom-
eter elastomer for thicker layer
bearings.

October 1964

7. For longer bearing life, design

the bearings with no tension
and no slippage. Check the
edge conditions of a plain bear-
ing or the top layer of a totally
enclosed bearing.

For projects designed under the

present AASHO Standard Specifica-
tion, some adjustment of the above
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will be necessary as far as fmq. and
the durometer hardness is concerned.
This is discussed in the section on
maximum average vertical stress.

Bearing Dimensions

For stability, the minimum dimen-
sions, ¢ and b (see Fig. 5), are re-
lated to total elastomer thickness and
movements d. Under working loads,
the maximum distortion angle d, mas
/3t, due to all external reactions and
movements should be less than 45
degrees.

In most cases it is recommended
to reduce to a minimum the distance
@ in order to decrease the stress due
to the girder rotation.

The above are not rigid rules but
rather simplified design criteria,
which might not necessarily apply
in special cases.

Maximum Average Vertical Stress

The value, fue (Fig. 16), is lim-
ited by the allowable stress on the
pier rather than the elastomer. The
capacity of the elastomer bearing is
governed by shear stresses.

It is recommended that a high fu.,
value be used to reduce the bearing
area. This, in turn, reduces the hori-
zontal forces generated by horizontal
movements, thereby improving the
safety factor against sliding.

The generated horizontal forces
may also be reduced by increasing
the elastomer thickness, 3t,. How-
ever, this in turn will increase the
movement due to horizontal forces,
braking, wind etc., which is not de-
sirable.

Some designers are using 2 fmas
value of 1700 psi, and in special
cases, the use of 3500 psi was re-
ported.

We recommend the use of a fumae
value of 1000 psi for practical rea-
sons to determine quickly the re-
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Fig. 16—Vertical Stresses

quired bearing area. This stress suits
the commonly used %” =+ elastomer
layers. It is quite possible to exceed
the 1000 psi using a thinner elas-
tomer layer. '
The AASHO Standard Specifica-
tion, Eighth Edition, Article 1.6.47.,
gives some very useful information
for the design of elastomer bearings.
However, it seems that these speci-
fications were written for plain rath-
er than laminated elastomer bear-
ings. The girder span is limited to
80 feet and the maximum average
vertical stress to fua, = 800 psi. The
AASHO Specification covers only the
60 and 70 durometer hardness
grades. The increased hardness re-
sults in less vertical shortening and
a stiffer bearing as far as the hori-
zontal force is concerned. This means
that the girder movements will in-
duce a large horizontal force and
increase the danger of sliding. For
laminated bearings which are not
generally governed by vertical short-
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ening, the 50 durometer grade is
preferable and has been widely used
in the past for girders exceeding 100
ft and with f,., exceeding 1000 psi.

Maximum Shear Stress

Most bearings have a ratio b/a
> 1 and are subject to a rotation, e,
around the axis perpendicular to the
girder.

The following are the shear
stresses in different locations due to
vertical load and rotation (Fig. 17):

LocationlV, =V, + Va

Location2V, =V, —V_

Location3V, =0

The maximum stress will occur at
the elastomer surface at location 1
and should not exceed 300 psi.

(V 3 oo + V. = 300 psi)

The shear stress at location 2

P mazx

Fig. 17—Shear Stresses (a << b)
October 1964
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Fig. 18—Shear Stresses {a > b)

should also be checked. The stress
due to minimum vertical load should
exceed the stress due to the rotation.
(Vemn=V ). This will prevent the

“card like” opening or, if bonded
to the girder, tensile elastomer
stresses.

For bearings with b/a < 1, the
maximum shear stress discussed
above, may occur somewhere near
the location shown in Fig. 18. How-
ever, in practice, it is usually enough
to check the stress at locations 11
and 12,

The maximum recommended shear
stress due to horizontal forces and
movements is 100 psi (Vy, = 100
psi). This shear stress is uniform
throughout the entire bearing area
(VHr = Hr/A)

L d

7 ravs d /7a

Fig. 19—Deformation Corresponding to Shear
Stress Vi,
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Safety Against Sliding

It must be verified that under min-
imum vertical load, the total maxi-
mum horizontal force (external
forces and movements), will not
cause displacement of the bearing.

The following are the recom-
mended friction factors H, o/ Pmin
(Fig. 20), under working loads:

Bearings under concrete girders 0.2
Bearings under steel girders 0.1

In cases where not enough vertical
load is available, special arrange-
ment should be provided to prevent
slippage. (Edge plates, pins, etc.)

The recommended friction factors
are to be taken as average. They are
subject to an adjustment since the
values vary widely with the bearing,
girder and support characteristics.

For horizontal forces due to tem-
perature shortening, shrinkage, or
creep of the girder, the slippage of
the bearing would not be dangerous
to the structure. However, it is rec-
ommended to prevent such a “bear-
ing readjustment” to avoid fatigue
and assure a long bearing life.

P

min

H’" max

E/////////II/ -

]

. S LST ST

X
s
: |
'y
T pmin

Fig. 20—Extreme Condition Causing Sliding

Horizontal Movements Due to
Braking or Wind Force

Horizontal external forces, such as
braking or wind, will cause a move-
ment of the girder. It is recom-
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mended to limit this movement to
%e” (Fig. 21). This in turn will place
a limit on the bearing thickness. The
influence of durometer hardness and
AASHO specifications are discussed
above.

Max 3

E‘/z////‘// ravyad —_—

| ——

. 77 /’ 77 f’///I
-

Fig. 21—Maximum Allowable Movement Due to
Braking and Wind

Vertical Shortening

Vertical shortening due to vertical
loads is limited to 15% of the total
bearing thickness (AASHO Standard
Specifications). For laminated bear-
ing with layers up to 0.75”, this re-
quirement does not usually govern.

Plates

Laminated bearings usually have
the plates bonded to the elastomer.
Many different types and thicknesses
have been used including mild steel,
stainless steel, and aluminum in
thicknesses of 0.037 in, 0.125 in., etc.

Elastomer Shear Modulus

The following factors must be con-
sidered:

1. Duration of horizontal force caus-
ing a horizontal movement.

For permanent forces, a consider-
able relaxation takes place. There-
fore, a reduced modulus, G’ = 0.5G,
should be considered. The above is
related to the effect of shrinkage and
creep of a concrete girder, the verti-
cal shortening under dead load, etc.

For short term forces, such as
wind load, braking forces and load
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reaction, a modulus G is to be con-
sidered. For forces of very short dur-
ation such as vibration, the shear
modulus will increase.

2. Aging of elastomer material.

The G will increase with age.
Therefore the considered value
should include the above effect.

3. Low Temperature exposure.

The G will increase with decreas-
ing temperature. For computations
involving temperature changes, an
average G value should be consid-
ered. The above will correspond to
a higher temperature than the mini-
mum.

The different elastomer shear mod-
uli discussed above should be spe-
cified by the manufacturer of the
elastomer. Some approximate figures
are given in Fig. 15. The above con-
siderations limit the accuracy of the
computations. The shear modulus,
(;, is approximately equal to one
third of the modulus of elasticity in
tension, E.

DESIGN EXAMPLE

The following example covers a
common case for a simply supported
bridge girder. It also illustrates the
required design data.

Girder width is 22”. Distance from
center of support to the girder end
is 8”. Bearings are level. Forces and
movements at the bearing are as fol-
lows:

Vertical forces P = 98 kips
Poin = 58 kips
Max. allowable average stress

fmae = 1000 psi
Max. horizontal reactions
Longitudinal—braking
H, = 2.0kips

Transverse—wind H, = 2.5 kips
Max. expected short term horizon-
tal movements (temperature)

Longitudinal d,= =+ 0.30"

Transverse dy==*0.10"

October 1964

Max. expected permanent horizon-
tal movements (shrinkage & creep
of concrete)—shortening;:
Longitudinal d,=—023"
Transverse d, = — 0.08”
Max. girder rotation and non-par-
allel bearing area effect:
Around axis perpendicular to

girder o = (.01 radians
Around axis parallel to girde(l;
B =
Elastomer shear moduli

For short term loading

G = 155 psi
For permanent loading

G = T8psi

Bearing characteristics
Laminated neoprene “sandwich”
bearings. Thickness of one layer
0.5” composed of 0.425” of neo-
prene and two steel plates of
0.0377,
Try 6 X 18 bearing composed of
two %" layers

Area A =6x18 =108 in?
Ratio b/a=18/6=3
Max. avg. stress
98000 .
mez __—1_0—va = 910 pst
< 1000 psi—ok

Coefficients from Fig. 14 for b/a
=3

C(1 = (.50
Ct - 1.25
Cyx =0.015

Horizontal forces
H, =20 + 155 x0.30 X 108

2 x 0.425
023 X 108 .
+ 78 X 9 X 0425 — 10.2 kips
H,= 25+ 155 ><_0;10><108
2 x 0.425
0.08 x 108 .
H, =+/(10.2)2 + (5.27)?
v = 11.5 kips

73




Shear stress

V pman = 3.75 X 0‘325

X 910 = 242 psi

Vomm = 3.75 X 0’325 X

58000 .

W: ].4:2 pSl

V_=050% 78 x

001 _ (6 .

o X[4zmE ~ 39psi
11500 .

Var= 08 = 107 psi > 100

This bearing is not adequate since
V- exceeds 100 psi.

Try 6 X 18 bearing composed of
three %” layers
For area, ratio b/a, fma., and co-
efficients, C, see above.
Horizontal forces
0.30 x 108
H, =20+ 155 Xm
023 X 108 .
m = 7.45 klpS
0.10 x 108
0.08 x 108 .
m = 4.35 klpS
H, =+/(7.45) + (4.35)°
= 8.65 kips

+ 78 X

+ 78 X

Shear stresses
V bz (s€€ above) = 242 psi
Vemin (see above) = 142 psi
— 0.01 (6)?
Va—0.50>< 78 XTXW
= 26 psi
_ 8650
108
+V_=242+26
=268 psi < 300—ok
Vb min =142 psi > 26—ok
Vi = 80psi < 100—ok
Friction factor
H, oo _ 8.65

P TEg0 " 0.149 < 0.20—o0k

VHr
A%

= 80 psi

Pmax
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Horizontal movements
. . HXZt,
d» (wind) = AXG
2500 x 3 x 0.425
- 108 x 155
= 0.19” = %s—o0k
2000 x 3 x 0.425
da (total) =58~ 155

d, (total) = 250(1’0>§ i>;5°5425
+ 010 + 0.08 = 0.37"
4. (total) = \OBBTF (037
= 077"
31, = 3 X 0425
— 1.275” > 0.77"—ok

Vertical shortening
Vert. dead load A ¢, = 1.25 X

58000 (0.425)8 . .
108 x78 (6 0018
Vert. live load At, =125 X

98000 — 58000

108 x 155

(0.425) "
X (6 = 0.006
Total 0.024”

Total shortening due to vertical

load with estimated 2% settle-

ment

=3 % 0.024 + 0.02 X 3 x 0.425

=0.097 in < 0.15 x 1.50 ok
Moment corresponding to the ro-
tation

M_=0.015x 78 X

0.01 (6 x18 .
—§——‘(—0‘—425—)3‘ = 7200 lb X in
M

=M, = 6001b x ft
This bearing is adequate
COMPUTATION THEORY

The computation formulas are

based on a theoretical approach
which has been verified by tests.
The formulas are given in the sec-
tion on computation formulas. The
computation theory is discussed be-
low and the derivation of formulas
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Fig. 23 Deformation of an Elementary Cube Under Vertical Load
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is outlined.

Basic Equations

Consider one elastomer layer with
origin, o, and axes X, Y, Z, as shown
in Fig. 22.

The following are the assumptions:

1. Points on a vertical line in the

unloaded state will be situated
on a second degree parabola
after the vertical load is ap-
plied. The bulge projections are
called h, and h,,.

2. Normal elastomer stresses are

equal in all directions (analog-
ous to hydrostatic pressure) and
they are constant along the
parabola discussed above.
P:=Py=Pa=p

3. The elastomer is incompressi-

ble.

Note: Some of the formulas given

should be adjusted to include the

effect of the vertical shortening

At,. However, for laminated bear-

ings, the vertical shortening effect

is negligible and the adjustment
is not necessary.

Consider an elastomer rectangular
parallelepiped having a rectangular
base dx by dy and depth of ¢, (Fig.
23).

Using Hooke’s law and the proper-
ties of a parabola, the following is
the shear stress and bulge relation:

—_ Gzh_ 4h,
2
z
4h o ARy
-

Refemng to Fig. 23, the follow-
ing is the equilibrium of forces in
O — X direction:

op —
axddethe_

-2V, ><dx><dy
op _ 2V
ekl —~8h,—- ;’ (1)
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Fig. 24 Deformation Pattern of One Layer Under
Vertical Load

Forces in O — Y direction:
%de X dx Xt =
-2V, >< dx X dy
Ip _
ay Shy‘tz— (2)
The area of the deformed element
at mid depth is:
oh, ]
dy

The volume of the original rectang-
ular parallelepiped must be equal to
the volume of the deformed element,
the depth of which is £, — At, (Use
prismoidal formula):

teXdx X dy = te—%ﬂ
[2dx><dy+4dx><dy
0hm oh,
oy
Simplifying the above
Ohy | Ohy, __3Mt. _ 3 A
ox 9y  2At.—OBt) 2
3)

Substituting from equations 1 & 2
the following is the basic equation:
?p__ 12X G X At,

(‘9x2 By B 14 )

Vertical Y.oad

The decrease in depth is constant
through the entire area and the stress
p is equal to zero at the edges.
Equation 4 may be solved using
Fourier’s series.
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Vertical stress at location x, y:
@ X GXAt,

13

[

48 1 rt

p=C, X

Cp,= 77.327» 13,5 3 (-1)*
cosh ™ ™Y
a nTx
[1— ]cos
coshnﬂ-b a
2a

Vertical shortening can be derived
from the above, computing the aver-
age vertical stress f and solving for
At

_ f. &
Ate—CtX6X ZI,E
7t

Ct:

o0 1
96 2n=1,3,5‘ﬁ?

| 2 a nwb

- Shear stress V, at location x, y may
be computed from the above, sub-
stituting

Shear stress at the edge at the center
of the long side b:

VPmcw“‘CtheXf
1
7 En 13573 y
Cp = 1
42:;1,3:) 4
n
11
L " coshn wb)
2a
2 a nﬂ'b]
[l-—ﬂz tanh %
Rotation

The shortening A, is function of x
(Fig. 25).

At,=a,x
Equation 4 may be rewritten:.

p 12X GXa

—s = X
oxZ =~ oy* T A *

v, —_9p%
T 9k 9 From the above, the shear stress at
axX G XAt the edge at the center of the long
Veo = Cpa— D side may be computed substituting
24 1 n=1 9 1,
CPw_EEEZOf135n2 (—1) Ve=— gf ;
nmwy 2
cosh a ., nNwXx \'% =C XG Xa X
[1 B nT bJ =y ¢
cosh 2a where
Zz
N
w
NI
k.1

October 1964

Fig. 25 Deformation of One Layer Under Rotational Effect
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rems.

P 1 1
[2n=],2,3? 2":1’2"3W]

a
The shear stress along the edge y =
b/2 is

2

a2
—_— 7
Vam _Cawx G Xaex?z
e
where
3 o -1
Caw :FE":LZKF sin

2x
na— tanh n77'é
a a

The moment may be computed from
the above:

S

5
M, Oy X O xa,x EXD

A
where
3 0 1
Cy = -2? Sn=123 P
a tanh n wk
(- *)
7w b n
Tests

The theory discussed above was
confirmed by many tests. Fig. 26
shows Freyssinet bearings in a test-
ing frame. This type bearing pad has

been in service for many years.

Fig. 26 Freyssinet Bearings in Testing Frame
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