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Description
Field of the Invention

The present invention relates to a shakeproof
bearing using a high damping elastomer made of butyl
rubber, NBR or the like as an energy absorber
(hereinafter called a damper).

Summary of the invention

The following structure has been hitherto known
as a shakeproof bearing for protecting a superstruc-
ture such as a building from destructive force of earth-
quake by slidably supporting this superstructure on a
substructure such as its foundation in the horizontal
direction, and reducing the input acceleration of the
earthquake.

What is shown in FIG. 9 is a shakeproof bearing
alternately laminating a hard plate 1 such as steel
plate, and a rubber-like elastic plate 2 small in com-
pression set. This shakeproof bearing 3 has an ext-
remely large ratio of the modulus of elasticity in the
vertical direction to the modulus of elasticity in the
horizontal direction, and it can support the building
slidably in the horizontal direction while keeping
stable in the perpendicular direction. Moreover, the
natural oscillation period of the building is made
longer than the period of the maximum amplitude
component of the earthquake, so that the acceleration
response of the building when struck by an earth-
quake can be reduced. This shakeproof bearing itself
has hardly any capacity for absorbing vibration ener-
gy during aseismic action, it is necessary to be
furnished with a damper for absorbing energy.

However, because of this damper, the space of
the entire device becomes large, and the number of
points of action of force increases, and the design be-
comes complicated, or the installation cost becomes
high. Besides, in the plastic dampers such as steel bar
dampers mainly used hitherto, deterioration by use
was quick, and it was necessary to replace after a cer-
tain period of use.

Accordingly, as a one-piece structure containing
the damper, the shakeproof bearings as shown in
FIG. 10 to FIG. 12 are devised.

FIG. 10 shows a shakeproof bearing having a
lead plug 4 placed in the middle of the shakeproof
bearing 3 shown in FIG. 9 as a damper to absorb ener-
gy (Japanese Patent Publication 61-17984).

However, because of this lead plug 4, after defor-
mation, the superstructure is hard to return to the
original position, and the initial stiffness is too high so
that the small vibrations are directly transmitted to the
superstructure, thereby leading to new problems.

What is shown in FIG. 11 is a shakeproof bearing
intended to eliminate the defects of the lead plug 4 by
using a high damping elastomer 5 possessing an ac-
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tion for absorbing vibration energy for the rubber-like
elastic plates in the shakeproof bearing 3 explained in
FIG. 9 (Japanese Laid-Open Patent 62-83139).

In this shakeproof bearing 6, however, since the
high damping elastomer 5 directly supports the large
vertical load of the superstructure, the creep amount
is large, and the internal strain increases, and the
durability (life) is poor.

The shakeproof bearing 8 shown in FIG. 12 is de-
signed so that the high damping elastomer may not di-
rectly support the large vertical load of the
superstructure. In this structure, a penetration hole is
opened in the vertical direction in the middle of the
shakeproof bearing 3 in FIG. 9, and a high damping
elastomer 7 is inserted in this penetration hole so as
to absorb the vibration energy (Japanese Laid-Open
Utility Model 61-39705).

The shakeproof bearing 8 shown in FIG. 12 ap-
pears to support the vertical load only by the lami-
nated portion of hard plate 1 such as steel plate and
rubber-like elastic plate 2. Actually, however, the high
damping elastomer 7 also supports the vertical load
substantially. This is explained below. When loaded in
the vertical direction, the rubber-like elastic plate 2 is
compressed, and, same as a strain occurs, the inter-
nal high damping elastomer 7 is compressed and
bulges out in the horizontal direction. Its circumfer-
ence is confined by the hard plate 1 and rubber-like
elastic plate 2. As a result, the high damping elas-
tomer 7, same as the rubber-like elastic plate 2, sup-
ports the vertical load. Therefore, when an elastomer
having a large creep amount is used inside, the creep
strain of the entire bearing increases. The high damp-
ing elastomer generates, by nature, a large creep
strain. Accordingly, although the creep amount of the
shakeproof bearing 8 shown in Fig. 12 is small as
compared with that of the shakeproof bearing 6 shown
in Fig. 11, it is larger as compared with that of the
shakeproof bearing 3 made of an elastomer small in
damping as shown in Fig. 9. Hence, the durability was
impaired by the internal strain due to creep.

FR-A-2594193 discloses a shake proof bearing
having a bearing body formed by alternately laminat-
ing hard plates possessing stiffness with rubber-like
elastic plates.

It is hence an object of the invention to present a
shakeproof bearing small in vertical creep defor-
mation in a shakeproof bearing using a high damping
elastomer as a damper.

According to this invention, there is provided a
shakeproof bearing comprising a columnar bearing
body formed of alternate layers of hard stiff plates,
and rubber-like elastic plates with a small compres-
sion set, horizontally laminated, characterised by a
high damping elastomer being disposed circumferen-
tially surrounding the bearing body.

In one embodiment of the invention, the high
damping elastomer is in the form of plates alternately
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laminated to hard plates possessing stiffness, the
high damping elastomer plates and the hard plates
being disposed around the bearing body.

The high damping elastomer in the shakeproof
bearing of the invention is subjected to vertical load,
and is free to bulge out to the deformation stress due
to external force when struck by an earthquake. Ac-
cordingly, it is free from vertical load, and creep is not
generated, and hence the life is long.

When the high damping elastomer is formed as
plates laminated with hard plates, the movement of
the high damping elastomer in the vertical direction is
defined, and the amount of strain per unit volume to
the vibration in the horizontal direction increases. Ac-
cordingly, as compared with the structure without
lamination, the damping constant can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view showing an embodi-
ment of a shakeproof bearing of the invention;
FIG. 2 is a secitonal view showing a practical
manufacturing example of the shakeproof bear-
ing shown in FIG. 1;

FIG. 3 is a diagram showing the hysteresis loop
for exaplaining the damping constant in a high
damping elastomer;

FIG. 4 is a sectional view showing a practical
manufacturing example of a shakeproof bearing
of the invention by using a laminated high damp-
ing elastomer;

FIG. 5 is a sectional view showing a structure
example for mounting the high damping elas-
tomer;

FIG 6 is a drawing for explaining the structure for
mounting the high damping elastomer on the
bearing body by dividing;

FIG. 7 is a sectional view showing a shakeproof
bearing having a high damping elastomer instal-
led internally at a clearance, as a reference
example to be compared with the invention;

FIG. 8 is a sectional view for explaining the fire
test conducted on the shakeproof bearing of the
invention; and

FIG. 9 to FIG. 12 are sectional views showing dif-
ferent structural examples of conventional
shakeproof bearings.

DETAILED DESCRIPTION OF THE INVENTION

A basic structure of the shakeproof bearing 10 of
the invention is shown in FIG. 1. This shakeproof
bearing 10 is composed by forming a columnar bear-
ing body 13 by alternately laminating a rubber-like
elastic plate 11 small in compressing set such as
natural rubber, and a hard plate 12 such as steel plate,
with its circumference surrounded by a high damping
elastomer 14. Between this high damping elastomer
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14 and the bearing body 13, although it is not neces-
sary to provide a gap, it is better not to adhere with
each other. If the damping capacity of the rubber-like
elastic plate 11 small in compression set is high or
low, it may be adjusted by varying the quantity or per-
formance of the externally mounted high damping
elastomer 14.

As the rubber-like elastic body 11 small in com-
pressing set such as natural rubber, it means an elas-
tomer of which compression set is 25% or less. The
high damping elastomer 14 refers to a material of
which tan 3 is 0.15 to 1.5 at the time of 25°C, 0.5 Hz,
+50% shearing strain, and absolute value of complex
modulus | G*| of 2 to 21 kgficm? at this time.

This absolute value of complex modulus |G| is
the absolute value of the complex modulus G*, that is,

|G*| = VG2 + G,2 = G,secd, where G, isastor-

age modulus, which is the quotient of the amplitude
10-c0s 8 in phase with the strain of stress divided by
the strain amplitude yo, and G, is a loss modulus,
which is the quotient of the amplitude to-sin 8 of the
component differing in phase by 90° from the strain of
the stress divided by the strain amplitude yo. Practical
examples of this high damping elastomer may include
butyl rubber, NBR polynorbornene etc. and also in-
clude elastomer mixtures high in damping obtained by
adding reinforcing agent, filler, resins, softening
agents or the like to NR, SBR, BR, polynorbornene,
silicone rubber, fluororubber, chlorobutyl rubber,
chloroprene rubber, urethane elastomer, or their
blends.

A practical example of fabrication of the basic
structure in FIG. 1 is explained below while referring
to FIG. 2.

In the shakeproof bearing 10a shown in FIG. 2, a
columnar bearing body 13 is formed by using 39
pieces of natural rubber measuring 600 mm in diame-
ter R and 4 mm in thickness as rubber-like elastic
plate 11, and 38 steel plates of 2 mm in thickness as
the hard plate 12 sandwiched by natural rubber. The
high damping elastomer 14 disposed concentrically
around this bearing body 13 is cylindrical, measure
620 mm in inside diameter,and 880 mm in outside
diameter. The high damping elastomer 14 is made of
polynorbonen of which tan 8 is 0.53 at the time of
25°C, 0.5 Hz, +50% shearing strain, and absolute
value of complex modulus |G*| of 7 kgf/cm? at this
time. Flanges 15 of high strength are affixed to the up-
per and lower surfaces of the bearing body 13 and
high damping elastomer 14. In this particular
example, the adjoining elastic plate 11 and steel plate
12 are bonded together, although they need not be
done so necessarily

In this fabrication example, when the damping
constant h in shearing deformation was measured, it
was 0.12. Usually, the damping constant h of shakep-
roof bearing is sufficient at 0.1 to 0.15, and therefore
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this value of 0.12 is a sufficient value. Incidentally, the
damping constant h is a value for expressing the vib-
ration damping performance such as vibration, and it
is expressed in the formulah = i-M, where AW is
2r W

the energy consumed in every period of vibration, and
W is the input elastic energy. When this relation is
explained by the displacement in the horizontal direc-
tion and the hysteresis loop 16 plotted by its reaction
in FIG. 3, AW is the area enclosed by the hysteresis
loop 16, and W is the area of the shaded portion.

The high damping elastomer 14 of this invention
may not be necessarily a single piece as shown in
FIG. 1 and FIG. 2. Itis enough as far as the high damp-
ing elastomer 14 is disposed around the bearing body
13 in a state capable of deforming in the horizontal di-
rection due to vibration during aseismic action. For
example, when this high damping elastomer is made
of a laminate, the damping constant may be much in-
creased. Its practical example of fabrication is exp-
lained by referring to FIG. 4.

In the shakeproof bearing 10b shown in FIG. 4,
the portion of the high damping elastomer 14 of the
shakeproof bearing 10a shown in FIG. 2 is laminated,
while the other portions are same as the shakeproof
bearing 10a shown in FIG. 2 in materials, dimensions,
and shapes. The laminate 14a of this high damping
elastomer is composed of 20 high damping elastomer
plates 17 of 7.8 mm in thickness, being laminated with
4 mm thick steel plates 18 alternately as hard plates.
The overall dimensions of the laminate 14a are same
as those of the high damping elastomer 14 shown in
FIG. 2, that is, cylindrical measuring 620 mm in inside
diameter and 880 mm in outside diameter. The ma-
terial of the high damping elastomer plates 17 is also
same as the high damping elastomer 14 shown in
FIG. 2, that is, polynorbornene having tan é of 0.53 at
the time of 25°C, 0.5 Hz, £50% shearing stress, and
absolute value of complex modulus of 7 kgf/cm? at this
time. As the hard plates 18, steel plates or the like may
be used, but in order to enhance the fireproof perform-
ance, it is preferable to use nonflammable or flame-
retardant materials low in thermal conductivity.

In this fabrication example, it is necessary to
adhere to layers of the laminate 14a of the high damp-
ing elastomer. As previously described, the layers in
the bearing body 13 are, while not necessarily, bon-
ded together. This is because the layers are naturally
adhered when subjected to a large vertical load.

When the damping constant of the shakeproof
bearing 10b shown in FIG. 4 in shearing deformation
was measured, it was 0.14. It is larger than the value
of the shakeproof bering 10a in FIG. 2.

Incidentally, it is desired to affix the high damping
elastomer 14 or laminate 14a to upper and lower
flanges 15 by using mounting plates 19, 19, for
example, valcanized and adhered to the upper and
lower surfaces thereof as shown in FIG. 5. It is be-
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cause the damping action is exhibited more easily
when directly exposed to the relative dislocation of the
superstructure and substructure.

Meanwhile, at least one cut 20 may be provided
in the high damping elastomer 14 or its laminate 14a.
By this split structure, it is possible to install in an
existing shakeproof bearing. This structure is realized
because the high damping elastomer 14 or its lami-
nate 14a is mounted externally, and aside from the
case of internal disposition of the high damping elas-
tomer, it is possible to install a high damping elas-
tomer having, a different outside diameter even
afterwards. Therefore, the damping performance of
the shakeproof bearing may be varied later. It is also
easy to manufacture the laminated portion because it
can be made independently of the high damping elas-
tomer.

It is by the concept of providing the high damping
elastomer with a permissible space for bulging out
thatthe high damping elastomer 14 or its laminate 14a
is disposed outside the bearing body 13 in this inven-
tion. This concept may be considered to be applied to
the shakeproof bearing 8 shown in FIG. 12 as prior art
s0 as to make the inside of the bearing body 8 larger
than the outside diameter of the high damping elas-
tomer 7 as shown in FIG. 7. But when the high damp-
ing elastomer 7 is installed internally as in this
example the free surface of the laminated portion of
the rubber-like elastic plate and hard plate is formed
also at the inner side, and therefore the vertical stiff-
ness of the bearing body 8a is significantly dec-
reased. Consequently, in order to obtain a necessary
vertical stiffness, the sectional area of the laminated
bearing body 8a must be increased, and as a result
the outside diameter of the shakeproof bearing be-
comes too large to be practical.

Besides, in the shakeproof bearing of the inven-
tion, as a result of disposition of high damping elas-
tomer 14 or its laminate 14a around the bearing body
13, it is simultaneously provided with a fireproof per-
formance, that is, the function of protecting the bear-
ing body supporting the weight of the building at the
time of outbreak of a fire from the fire. Especially, in
the structure of disposing an ordinary adiabatic ma-
terial around the bearing, if a fire breaks out after the
adiabatic material is broken by the large shake of an
earthquake, the bearing cannot be protected, and an
aseismic structure trully possessing fireproof per-
formance could not be manufactured. In the present
method, to the contrary, since the high damping elas-
tomer will not be broken if shaken heavily by an earth-
quake, it can fight fire after onset of an earthquake.
Besides, by replacing the high damping elastomer af-
ter the fire, it is possible to re-use without giving any
damage to the bearing itself.

This fireproof performance is further expalined
below. For example, as shown in FIG. 8, in the fire test
in which the periphery of the shakeproof bearing 10
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was covered with 60 mm thick high damping elas-
tomer 21 at a clearance of 10 mm, and fireproof cov-
erings 22 made of ceramic fibers were disposed at the
upper and lower sides, and the assembly was put into
a heating oven, there was no change in the perform-
ance after withstanding for 3 hours which is required
in the fireproof performance of structures. Therefore,
the thickenss of the high damping elastomer to be in-
stalled should be 40 mm or more, or preferably 60 mm
or more. In the high damping elastomer 14 or its lami-
nate 14a shown in FIG. 2 and FIG. 4, the thickness is
130 mm, and in actual fabrication the thickness of high
damping elastomer is usually considerably larger than
the specified values of 40 to 60 mm, and therefore the
shakeproof bearing of this invention has a sufficient
fireproof performance without giving any special con-
sideration.

In order to further enhance the fireproof perform-
ance, a flame-retardant elastomer such as silicone
rubber, fluororubber and chlorobutyl may be used as
the high damping elastomer, or the high damping
elastomer may be blended with flame retardants or
addition type such as antimony oxide, organic ester
phosphate, chlorinated paraffin and inorganic salt, or
flame retardant of reaction type such as tetra-bromo-
bis-phenol A.

Besides, by adding a coloring matter to the high
damping elastomer, the bearing simultaneously pos-
sessing fashionableness may be also realized.

According to the invention, the bearing body and
damper can be assembled in a single structure, and
a shakeproof bearing having a larger damping capaci-
ty can be realized at a similar creep level as the con-
ventional laminate rubber bearing made of natural
rubber.

Besides, the high damping elastomer disposed
around the bearing body as a damper exhibits the
fireproof function at the same time, and the shakep-
roof bearing of this invention is also enhanced in the
reliability in this aspect.

Claims

1. A shakeproof bearing comprising a columnar
bearing body (13) formed of alternate layers of
hard stiff plates, and rubber-like elastic plates
with a small compression set, horizontally lami-
nated, characterised by a high damping elas-
tomer (14) being disposed circumferentially
surrounding the bearing body (13).

2. A shakeproof bearing according to claim 1,
characterised in that the high damping elastomer
is in the form of plates (17) alternately laminated
to hard plates (18) possessing stiffness the high
damping elastomer plates (17) and the hard
plates (18) being disposed around the bearing
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body (13).

Patentanspriiche

1. Ein bebensicheres Lager mit einem sadulenarti-
gen Lagerkérper (13), der aus sich abwechseln-
den horizontalen Schichten aus harten, steifen
Platten und gummighnlichen elastischen Platten
mit einer geringen Kompressionssetzung gebil-
det ist, gekennzeichnet durch einen hochdamp-
fenden Elastomer (14), der so angeordnet ist, daf®
er den Lagerkorper (13) am Umfang umgibt.

2. Ein bebensicheres Lager nach Anspruch 1, da-

durch gekennzeichnet, daR der hochdampfende
Elastomer die Form von Platten (17) hat, die ab-
wechselnd mit harten Platten (18), die Steifigkeit
besitzen, einen Schichtaufbau bilden, wobei die
hochdédmpfenden Elastomerplatten (17) und die
harten Platten (18) um den Lagerkérper (13) her-
um angeordnet sind.

Revendications

1. Appuirésistant aux tremblements comprenant un
corps porteur colonnaire (13) composé de cou-
ches alternées de plaques dures rigides et de pla-
ques élastiques analogues a du caoutchouc avec
une petite déformation de compression, strati-
fiées horizontalement, caractérisé par un élasto-
mére (14) fortement amortisseur disposé
circonférentiellement entourant le corps porteur
(13).

2. Appuirésistant aux tremblements selon la reven-

dication 1 caractérisé en ce que I'élastomére for-
tement amortisseur est sous forme de plaques
(17) stratifiées en alternance avec des plaques
dures (18) possédant une rigidité, les plaques
(17) en élastomére fortement amortisseur et les
plagues dures (18) étant disposées autour du
corps porteur (13).
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