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' My invention relates to supporting means for
buildings and other structures, with special ref-
erence to the type of support that permits relative
lateral movement between a structure and the
earth. .

Damage to a building structure by earthquake
may be broadly attributed-to the fact that the
relatively high inertia of a building structure pre-
vents the structure as a whole from freely follow-
ing the relatively sharp and irresistible lateral
movements of the earth. It is'well known that
the damage may be largely averted by providing

“freedom for lateral relative movement between

. the building structure and the earth, and various

means for the floating support of structures have

- been proposed for such purpose.

&
393

Some of the prior art devices in this field have
the disadvantage of being excessively complicated
in structure; some are relatively costly to manu-

o facture; and other prior art devices require ex-

cessive space allowance vertically. or horizontally.
For example, some of the prior:art arrangements
require relatively large pits or extensive base-
ments to house elaborate cradles or similar un-
derstructures. The.general object of my inven-
tion is ‘to provide, in contrast with these prior

art devices, a floating support means that is sim- .

ple, relatively ‘inexpensive, and that requires. a
minimum of space. ‘
Some prior inventors have sought the required

mobility by inserting supporting balls- between

a:structure and its base, and providing some ex-
pedient to maintain a normal central disposition
of the building on the supporting balls. Ball ar-
rangements may, in general, be less complicated,

 less expensive, and less subject to structural fail-
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ure than cradle suspensions, but the designer of a
ball-bearing building support is confronted with
a certain dilemma. If he decides to employ rela-
tively small balls; a large number will be required
for even an average building. - The resistance in-
volved in relative movement between g building
and the earth represents the unabsorbed Torce: of
an earthquake movement that is transmitted to
the building; for. this reason it is not desirable
to raise ‘friction to excessive values by the em-
ployment of numerous small balls. If, on the
other hand, fewer relatively large balls are de-
cided upon by a designer to reduce friction, the
cost per ball mounts rapidly and the problem of
providing space for ball movement may become
formidable.

An object of my 1nvent10n is to avoid this
dilemma in a construction without sacrificing the
rolling contact characteristic ‘of g ball-bearing

(CL 72—=11)

arrangement. More specifically, it is my purpose
%0 provide in a bhuilding support, rolling contact
surfaces having relatively large radii of curvature
without employing balls of corresponding radii,
and without the necessity of providing the space
either Vertlcally or honzontally requlred by such
balls.

In each of the various ball arrangements old in
the art, some equalizing means is required to keep
the mobile building normally i in a centralized posi-

tion. For example, opposing springs have been

used in some arrangements, and in others con-
cave surfaces have been: provided te cnoperate
with the balls. In my invention, by contrast, I
propose to provide the equlvalent of such equal-

izing means in the configuration of the vamous,

support members themselves.

Broadly described, the support. member by

which I achieve the. above objects and in which
I embody the equalizing function, constitutes. a
rocker having a convex supporting surface shaped

to permit rolling movement.in any lateral direc-,
tion and to provide a certain eccentricity that
causes the superimposed structure to seek its-nor-.

mal disposition .at all times.

The above and. further obJéc*S of my mven-»

tion will be apparent in my -detailed. description
to follow, con51dered Wxth the accompanymg
drawings. :

In the drawings: : :

Fig. 1 is a diagrammatic representation of the

preferred form .of-my rocker showing the rela-:

tionship involved.

Fig. 2 is a similar diagrammatic representa-i

tion of a second form of my rocker.
Fig. 3 is a vertical section through a typical
building showing' a base structure fixedly related:

to. the earth and  a‘ superstructure floatingly

mounted thereon in. the manner: taught by my
invention,

Pig. 4 is a vertical section through a portlon of
a typical building construction 1ncorporat1ng che
form of my support unit.. -

Fig. 5 is similar to Fig. 4 showing the disposi-
tion of the suppoirt unit résulting from relative
movement between the earth -and the building.

Fig. 6-is a horizontal sectlon taken as: mdlcated»

by the line 6—6 of Fig. 5. -

Fig. 7 is'a view similar to Fig. 4 1o show that’
the rocker member of the siipport umt may be’

employed in reverse disposition.

Fig. 8 is a view similar to Fig. 4 showing" one of

my support units mounted on top of a’ ‘sécond
support unit fo indicate how a2 building ‘may. in-
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corporate a plurality of such unils arranged in
tiers.

For the purpose of disclosing the relationships
involved in the functioning of my invention, T
show in Fig. 1 a structural member 10 resting
upon a rocker member {1, the rocker member in
turn resting on a base member (2. The lower end
13 of the rocker is spherical in configuration and
rests in a socket i4 concentric therewith. Since
the rocker member oscillates about a fixed point
C1 at the center of curvature of the socket 14, the
rocker may be regarded as pivotally related to the
base member 12, and the Iower end of the recker
may be termed the pivot end. The upper end of
the rocker is convex, preferably spherical, to pro-
vide an arcuate surface 15 for rolling contact
with the bearing face 16 of the structural mem-
ber 0. For economy of material, the body of
the rocker may be formed with a lower cylindrical
portionn {7 from which wings 18 extend radially
to brace an arcuate end wall 19 providing the
rolling surface (5.

Any relative lateral movement between the
structural member {3 and the base member {2
will result in oscillation of the rocker about the
point Ci. The radius of such oscillation is de-
fined as the shortest distance hetween C: and
the convex rolling surface I5. 'This radius Ri
in the form of my invention shown in Pig. 1 may
also be regarded as the effective length of the
rocker, but in other forms of my invention, as
will appear hereinafter, the radius R: may not
so aptly be termed the length of the rocker.

Fig. 1 shows a second radius Re measured from
the rolling face 15 to the center of curvature Ca
of that face. At the heart of my invention is
the conception that a certain useful eccentricity
may be provided by simply designing the rocker
with Re greater than Rai.

The character and effect of the eccentricity in-
volved may be understood by reference to Fig. 1
in which the rocker is tilted to show the effect of
a sudden shift of the earth, displacing the bottom
of the rocker laterally a distance S. It will be
noted that the upper bearing point B follows the
center of curvature C2, being always directly
above that center. But the center of curvature
C: because of the tilt of the rocker, is displaced
laterally a distance e in addition to the displace-
ment S of the center of oscillation Ci, the result
being that the bearing point B is shifted later-
ally a greater distance than the bearing mem-
ber 12.- The additional shift of the bearing point
B produces a moment tending to restore vertical
alighment between the bearing point B and the
point C: through which the vertical resistance
supporting the load of the structural member
10 is exerted. In addition to this moment, there
is also a gravitational fendency of the rocker to
refurn to its mormal vertical disposition, since
any oscillation of the rocker from that normal
disposition elevates the structural member 8.

If friction is neglected, the resistance to dis-
placement of the rocker from its normal vertical
position is equal to the tendency of the rocker
to return to that position, and both depend upon
the relative lengths of R: and Rz, both increasing
with increase in the relative difference. Any
friction involved in the oscillation of the rocker,
however, increases the resistance of the rocker
to movement away from its normal vertical dis-
position, but decreases the tendency of the rocker
to return to its normal disposition from a dis-
placed position.

Part of the friction is in the rolling resistance

2,208,872

of the spherical surface 15 in contact with the
bearing face 1§ and the remainder of the friction
is caused by sliding contact of the lower spherical
end 13 in the socket {4. The rolling resistance
can be reduced cnly by decreasing the permissible
bearing value on contact surfaces, which reduc-
tion is accomplished by increasing the radius of
curvature of the arcuate surface 5. The socket
resistance to oscillation of the rocker may be re-
duced by decreasing the radius of curvature of
the socket or by increasing the length of the rock-
er, and, regardless of dimension, may be mini-
mized by proper lubrication.

Knowing that the degree of responsiveness of
the rocker to lateral forces depends upon the
eccentricity involved or the relative lengths of
the two radii R: and Rs, together with the men-
tioned factors of friction, those skilled in the
art may readily design rockers for specific re-
quirements. A too sensiftive arrangement will
permit a building to respond undesirably to ordi-
nary wind pressures, but, on the other hand,
since the total resistance aftributable to eccen-
tricity and fricticn determines the proportion
of shock transmitted to the building structure
during an earthguake, it is desirable that such
total resistance be not greater than necesary to
allow for wind pressures.

The required radius of the convex rolling sur-
face 15 of the rocker is a function of a constant
times

+ Exload
divided by the permitted hearing value on the
contact surface. Thus, if a load N of 150,000
lbs. is assumed, the permissible steel stress am
being 20.000 Ibs. per sq. in. and E the coefficient
of elasticity being 30,000,000, then the radius of
curvature for the convex surface

395 o .
TWL-——\/]\ E=421in.
The area of contact at the bottom of the rocker

for carrying such a load=
150,000
20,000

The diameter @ of the shaft to provide such con-
tact may Be ascertained from the formula

=7.5 sq: in.

(.7071d)2><’—;=7.5

from which it is found that d=434 in., say 4‘1/2'
in.

The frictional resistance at the socket is the
load times the frictional coefficient times the
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radius of the rocker shaft, divided by the length

of the rocker. Taking the frictional coefficient
as .2 and assuming the shaft fo be 233 in. long, the
horizontal force to overcome the socket friction=

2% 1—5(}?;’? X 2.25=2050 Ibs.

The rolling resistance of the convex face of the
rocker =

N . AN fom/  m

§'XSID a=? —E<1—E):2580 Ibs.

The total force required to overcome friction
then is 2050--2580=4630 1bs., and the coefficient
against lateral movement=

_ 4630

150,000

If a ground movement of 6 inches away from
center each way is assumed, the eccentricity de-
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veloped by the movement of a rocker constructed
in accordance with the above calculations will be

(%ﬁ?—’) K= 1.285‘ in. “

The rise of the load caused by the oscrllatmn of
the structure will be

9——1/92 1. ‘7852—— 09 1nch
The forces tending: to return the load to normal

disposition of the rocker creates a moment, the
value of which is

(1.285-!—4 715)X150 000= 195 500 inch-pounds

The starfing moment requlred to overcome- the
frictional resistanceé=33x4630=153, 000 inch-
pounds. The refurning. moment- then is in"ex-
cess of the starting moment by 42, 500 mch-
pounds, representing a force:of

42,500

a3 —1290 lbs ‘

’I‘he rocker need not be designed for ball-and-

socket engagement with the base members. . Thus,
in the second form of my ‘invention, the con-
struction of which is indicated by Fig. 2, the
rocker 27T has rolling contact with both the sup-
ported structural member 28 and the base mem-
ber 29 on which the rocker rests. - Both the up-
per spherical face 32 and the lower spherical
face 33 of the rocker have relatively long radii
of curvature, the center of curvature of the face
32 being shown at Cz and the center of curva-
ture of the face 33 being shown at C3.. The rocker

may be regarded -as oscillating ‘about-a center

C1 that shifts both laterally and.vertically, and
Ra, the radius of: oscillation of the rocker, may
be. taken as the shortest measurement from:Ci
to elther of ‘the two faces 32 and 33. The ec-
centricity developed by this form of my rocker
depends upon the length of R: relative to both
Rz the radius of curvature.of the face 32, and Rs
the radius of curvature of the face 33, eccen-
tricity -being: developed by both of the spherical
faces, of the rocker.

:The manner in which my rocker may. be incor-
porated in a building is indicated by the remain-
ing figures-of the drawings: -All of these figures
incorporate the first form of my rocker shown in
Fig. 1; but it will be apparent that other forms
of - the -rocker, such ‘as shown 'in Fig. 2 for ex-

ample, may be employed 1n the same manner with‘

equal facility.

In Fig. 3, I show a multi-story superstructure,
desighated by the numeral 38, floatingly support-
ed.on; a base structure generally designated by
the numeral 36." Since allowance must be made
for relative lateral movement between the super-
structure and the base structure, I prefer to ar-
range the plurality of supporting: rockers 1{ on
a level at.or above the ground level 88, In such
an arrangement. the exterior columns 39 of the
base structure may lie against the earth 40 with
no intervening clearance for relative movement.
As shown. in the drawings, both the exterior col-
umns 39 and the interior columns 42 of the base
structure are supported by buried foundation
structure 43, and the various base columns are
interconnected by stay struts 44 shown in the
form of I-beams. It is apparent that the whole
base structure is rigidly related to the earth.

As best shown in Figs. 4, 5, and 6, a rocker unit,
generally designated by the numeral 45, com-
prises a base member 46 and a struciural mem-

3
ber 47 Hoatingly supported by the rocker 11 seat-
ed in the base member. The base member 46 is
incorporated in the construction of g basement
column 42 to comprise an integral part of the
base structure 36 shown in Fig, 3. Preferably the
base members 46 will be distributed on the level
by the I-beam stay struts 44.  In the preferred
form of my invention, the base member 46 has
the general configuration of a pan, and, there-
fore, may be employed to retain a suitable quan-
tity of lubricant 48 to minimize friction in the
socket 14. The floating structural member 47 is

G
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incorporated in a column 49 of the superstructure--

that corresponds to the basement column asso-
ciated with the base member 46.

Just above the rocker unit 45 may be the first
floor 50 of the building supported by floor beams
62 interconnecting the various columns 49 of the
superstructure. Above the first floor 50 of the
superstructure are additional floors, the second
floor 52 supported. by beams B4 and the third
floor §% supported. by beams 56 being shown in
the'drawings. Since the points of support. or the
aforementioned bearing points B of Fig. 1, shift
laterally under each column 49, when there is any
relative displacement of the building, it is advis-
able to make the portions of the columns 49 be-
tween the first floor 50 and the second floor 53
somewhat heavier than the portions above. the
second floor of the superstructure, as indicated
in Pig. 3.

It will be noted that the floating structural
member 47 in the preferred form of ‘my inven-
tion has the form of an inverted pan so that the
base member 46 and the floating member 47 to-
gether form a housing normally encasing the
rocker member (1, the rocker being .completely
enclosed except for
tween the base member 46 and the floating mem-
ber 47. :

Relative movement between the superstructure
and the base structure causes the rocker member
to “oscillate to a tilted position, as indicated in
Pig. 5, the base member 46 being displaced lat-
erally. with respect to the floating member 47.

Preferably the rocker unit will-be so designed .

that opposed surfaces of the floating member and
the base member 46 will come into supporting
engagement if the relative movement between the
superstructure and the base structure is so ex-
cessive as to tilt the rocker beyond an operative
angle. Thus,:the upwardly extending walls 58

-of the base member 46 may incline outward to

present. a relatively extensive horizontal surface
59 upon which the lower edge of the floating mem-
ber 41 may come to rest whenever the rocker
is tilted beyond an angle that will permit the
rocker to return to normal: Such an arrange-
ment prevents the building from being dropped
any material -distance if an earthguake shouid
throw the rockers.out of operation.

Fig. 7 is similar to Figs. 4, 5, and 6, the essen-
tial-difference being that the rocker member' I
is'shown in inverted position to indicate that the
rocker may be reversed without interfering with
the functions heretofore  déscribed.  In  this
figure, the rocker unit of Figs. 4, 5, and 6 is
simply reversed, the base member 62 of Fig. 7
having the configuration of the floating struc-
tural member ‘47 of Fig. 4 and the floating struc-
tural member 63 of Fig. 7 having the configura-
tion of the base member 46 of Fig. 4,

The purpose of Fig, 8 is to indicate that more

: than one level or tier of rocker units may be in-

corporated in a building structure with certain
advantages. The resistance to lateral movement

a. slight cleasrance 57 be--

15

20

25

30

35

50

&5

60

65

70

75




15

T
=

4

of the lower rocker unit. is transmitted: to. the
upper rocker unif, instead. of.directly. to the
super-structure, with the result that shocks are
absorbed to an increased. degree.

In Fig. 8 the base member 64 of the lower
rocker unit 85 is incorporated in the base struc-
ture of the building in the same manner as the
base member 46 of Figs. 4 to 6. .. The base member
56 of the upper rocker unit .67 rests upon the
fleating member 68 of the lower rocker unit 85.
The floating member 88 of the upper rocker unit
@7 is incorporated in the column 4% of the super-
structure in the same manner as the floating
structural member &7 of Figs. 4 to:6. While Fig.
8 shows the two levels of rocker units as close
together as possible, the two levels may be con-
ciderably spaced if desired.

For the purpose of disclosure and to illustrate
the principles involved in my :invention, I have
described specific forms of my rocker and rocker
unit in explicit detail. . It will be apparent to
those skilled in the art, however, that the forms
shown and described may be variously changed
znd modified without. departing from: the spirit
of my conception. I specifically reserve. the right
to all such changes and modifications. that prop-
erly. come within the scope of my appended
claims.

I wish to point out. also that my mven&lon is
not restricted to building structures nor is ifs
function limited to the cushioning of earthquake
shocks. It will be readily recognized by those
skilled in widely divergent arts that the prin-
ciples of my concepticn are applicable to any
arrangement where it is desirable to support an
element; in a laterally yieldable manner with an
inherent tendency to maintain a centralized nor-
mal position. For example, it is conceivable that
a loading platform subject to occasional lateral
impact might be so mounted as to yield to such
impact with minimum damage. It is to be noted
that such a platform would serve as a bumper
to decelerate without damage a vehicle making
the impact. This observation suggests the em-
3 ployment.of my invention primarily for such de-

~ celeration- purpose.

A spherical volhng surface is employed in the
particular form of my invention set forth in this
disclosure. A spherical rolling surface is re-
quired, however, only in installations where the

- displacement may occur in diverse lateral direc-

60

tions. In installations where relative movement
is to be expected in only one direction, a. cylin-
drical rolling surface may be substituted.

I claim as my. invention:

1. In a building structure, the combmatlon of:

2 hase member adapted to retain a- guantity of
Iubricant; a .building member;. and a rocker
supperting the building member above the base
member, said rocker having one end seated in
said base member and its other end in rolling
contact with the building member, said rolling
end having a radius of curvature greater than
the vertical length of the rocker.

2. A structure of the class described, having:

2,208,872

g fixed base member; a structure member spaced
above said -base member, one of said members
having a substantially plane supporting face;
and a rocker member floatingly supporting said
structure member on said base member, said
rocker member having a convex surface in rolling
contact with said plane supporting face, the
radius of curvature of said convex surface being
greater than the radius of rotation of the rocker.

3. A rocker for floatingly supporting building
structures and the like comprising, an .elongated
body portion providing a point at one end there-
of and having a transversely extending wall with
2 convex outer surface at the opposite end there-
of, the radius of curvature of said convex surface
being of greater length than said elongated body

portion.

4. ‘A rocker for floatingly supporting bull‘c‘hng
structures and the like comprising, an elongated

body portion providing a pivot at one end thereof ¢

and having a transversely extending wall with a
convex outer surface at the opposite end there-
of, and. webs extending from said elongated body
portion reinforcing said wall, the radius of curva-
ture of said convex surface being of greater length

than said elongated body portion.

5. A rocker for floatingly supporting building
structures and the like comprising, an elongated
hody portion providing a pivot at one end thereof
and having a transversely.extending, wall with
an arcuate outer surface at the opposite end
thereof, the radius of curvature of said arcuate
surface being of greater length than said elon-
Uated body pottion.

6. A rocker for ﬂoatmgly supportmg bu11d1ng
structures and the like comprising; an elongated
body portlon rounded at one end thereof and
having a fransversely extending wall with an
outer arcuate surface at the opposite end thereof,
and webs extending from said elongated body por-
tion reinforcing said wall, the radius of curvature
of said arcuate surface being of greater length
than said elongated body portion.

7. In a building structure, the combination of:
a base member fixedly related to the earth; a
building member; and a rocKer supporting the
building - member above the base member, said
rocker compriisng a body having one end thereof
rotatably engaging one of said members, and the
other end of said body having an arcuate outer
surface in rolling contact with the other of said
members, the radius of curvature of said arcuate
surface being of greater length than said body,
whereby when said rocker is oscillated from its
normal. vertical position ‘said building member
will be slightly raised by said arcuate surface
thus creating a poential force for returning said
rocker to its original vertical position.

8. A rocker for the floating support of building
structures and the like; said rocker having a
substantially spherical end for rolling contact
with a support surface, said spherical end having
a radius of curvature greater than the vertical
dimension of the rocker.
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