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UNITED STATES PATENT OFFICE. 
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To all whom it moy concern: 
Be it known that I, LUDWIG KoHL, a sub 

ject of the German Emperor, and resident 
of Frankfort-on-the-Main, Germany, have 
invented certain new and useful Improve 
ments in Devices for Protecting Buildings 
Against Earthquakes, of which the follow 
ing is a specification. 
The hitherto known devices for protect 

ing buildings against earthquakes, consist 
ing of ball-bearings between basement and 
building, have so serious drawbacks that 
their practical employment is impossible, 
because: 1, the connection between building 
and basement was unsatisfactory; 2, they 
do not decrease the vehemency of the hori 
zontal shocks to the minimum extent re 
quired; 3, they do not allow an exact static 
calculation of the building previously and 
independently from the strength of the 
shocks; and 4, they do not take up the verti 
cal shocks. 
The present invention proposes to over 

come all these drawbacks detrimental to the 
security of the buildings in earthquake re 
gions, by allowing to effectively protect the 
buildings against horizontal and vertical 
shocks within wide limits. 
The accompanying drawing illustrates 

how the invention is put into practice. 
Figure 1 is a vertical section through the 

ball-bearing, Fig. 2 shows the vertical an chorage. 
The main principle of the invention is as 

follows:-Between foundation or basement 
and the building proper, an appropriate 
ball-bearing is inserted, whereby the build 
ing can move within the required limits as 
resistanceless as possible toward the base 
ment, without compensating thereby the 
necessary connection in vertical direction 
between basement and building. For this 
purpose, in the gap between building and 
basement, the two ball-bearings (t are ar 
ranged, the upper one being connected with 
the building and the lower one with the 
basement. The bearings (, are turnable for 
a small degree by means of strong screw 
bolts b movably arranged in the basement 
and building respectively, so that the bear 
ings are allowed to tilt somewhat toward 
the horizontal plane or to return from the 
tilted position into the horizontal position. 
Both movements are essential, particularly 
the latter one. For, in order to obtain a 
Smallest possible resistance against a move 
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ment of the building toward the basement 
in horizontal direction, it is essential that 
the bearing planes of all balls lie practi 
cally in the same horizontal plane. The 
Screw-bolts b serve thus chiefly for making 
all ball-bearing planes, as far as possible, 
parallel to one another. This exact parallel 
position is an essential requirement for the 
proper Working ol' operation of the device, 
because with non-parallel bearing-planes the 
balls, with large movements of the base 
ment, would roll out between the bearing 
planes, which is impossible with parallel bearing planes. 
The material of the ball-bearings a is steel 

or the like hard metal, whereby the balls, 
which are under high pressure between the 
bearing planes, are prevented from being 
inpressed in the latter whereby they could 
not move in lateral directions. The bearing 
planes of the ball-bearings (, are perfectly 
Smooth and lubricated, for attaining a small 
est possible resistance against lateral move 
ments of the balls. This minimum of resist 
ance must be attained, because this resisting 
power is the impact, which acts as horizon 
tal power on the building and which forms 
the outer load of the building by action of 
horizontal earthquake shocks, from which 
load the static calculations must be started. 
The Smaller the resisting power, the lesser 
is also the strain on the building. Besides, 
the essential advantage for solving the ques 
tion of earthquakes results there from that 
the impact acting on the building becomes 
in widelimits independent from the strength 
and extent of the earthquake shocks; the 
impact becoming exclusively a function of 
the pressure (G) on the ball, that is 
= 0--G, 0 being the friction coefficient of the 
rolling ball. With well-lubricated smooth 
ball-bearings and for large loads, generally 
present in the art of building, 0=0.002, so 
that generally the impact=0.002 G, that is 
proportionate to the pressure of the ball bearing. 

Between the two bail-bearings, the above 
mentioned balls (; are located, which are also 
made of hard material. Each ball is sun'- 
rounded by a separate cage or ring (l, which 
has the purpose to prevent the ball upon a 
non-parallel position of the two ball-bear 
ings happening eventually, from rolling out 
of its seat between the bearing planes, with 
out a perceptible resistance being opposed to 
lateral movements of the basement. For 
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this purpose, the ring runs on separate small 
balls e and is thus movable in all directions, 
while separate Springs f, which are in bal 
ance in the initial position, that is before 
the horizontal stroke, prevent the ring d 
itself from rolling out between the ball 

For reducing friction between bearings a. - 
the balls c and ring d, small antifriction 
rollers are inserted between ring d and ball c. 
The operation of this safety - device or 

cage is simple: By the action of horizontal 
earthquake shocks, the basement moves sud 
denly sideward, while the building remains 
practically at standstill owing to its power 
of inertia, the friction powers in the ball 
bearings producing a small displacement of . 
the building only in the direction of the 
movement of the basement. This lateral 
displacement will be the lesser, the smaller 
are the friction powers. At the same time, 
the latter act as impacts on the building. 
These impacts represent the outer load of 
the building by action of horizontal earth 

it is mentioned above that 
the impacts within wide limits attain the 
amount of 0.002 G (G=ball pressure) with 
well-lubricated ball-bearings. The same 
movement is repeated for the following 
sudden movements of the basement, alter 
nately in one and the other direction, until 
finally after gradual decrease of the move 
ment of the ground the standstill is again 
attained. In the position of rest, each ball 
must, unless a permanent displacement of 

35 the basement has happened, again assume its 
initial position. The ring d does not act, as 
long as the ball-bearings a are or remain 
parallel, it being only moved, each time for 
half of the movement of the basement, alter nately out of and into its initial position 
owing to the lateral movement of the ball a 
by action of a horizontal earthquake. Its 
function proper begins, however, as soon as 
the ball does not more receive a vertical 
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pressure owing to the non-parallel position 
of the two ball-bearings a, whereupon the 
ring arrests the ball in its seat so that it 
cannot roll out between the ball-bearing 
planes. 
The vertical anchorage consists of a slide 

a', which runs on small rollers b or the like, 
a spring 6' attached to the slide and made 
fast in the basement, and the anchor proper 
d'. The latter is pivotally connected at the 
top and bottom end, with the building and 
slide respectively in such a way that it can 
tilt in all directions of the horizontal plane, 
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The slide a' runs compulsorily in a corre 
sponding cavity of the basement, the spring 
6 controlling the position of the slide. 60 

Upon the basement being pushed aside by . 
action of horizontal earthquake shocks, the 
slide moves upward and the spring 6' is 
tensioned, owing to the upper building re 

Thereby, a hori maining in its position. -- 
Zontal power is produced in the anchord", 
which serves to return the upper, building 
again to its initial position with reference 
to the basement, as soon as a permanent dis 
placement of the basement has happened. 
At the same time, this horizontal power 
limits the movement of the upper building 
in lateral direction, as soon as for any reason 
the upper building would tend to run off 
from its basement. . . 
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The main advantages of the safety-device 
are that horizontai and vertical shocks are 
effectively neutralized, and that the horizon 
tal shocks are reduced to the minimum to be 
attained at all in the art of building, so that 
the buildings are protected, as far as possi 
ble, against the devastating effects of earth 
quakes. Besides, the device allows to indi 
cate, within wide limits, the minimum to be 
attained, previously and independently from 
the earthquake shocks, so that the building 
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can be erected according to exact static cal 
culations, whereby the security is still con 
siderably increased. Finally, the device 
maintains the absolutely required connec 
tion in vertical direction between basement 
and building. . . . . . 

What I claim, is: . . . . . . . . In a ball-beairing for buildings exposed to 
earthquakes with a coöperative vertical an 
chorage between basement and building 
proper, the combination of a freely movable, automatically adjustable ball cage-consist 
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ing of a ring, race-balls for the ring, and 
Springs to secure the ring in position -a. 100 
ball located in Said cage, an upper and a 
lower ball-bearing plane to inclose said ball, 
screw -bolts to adjust said ball-bearing 
planes, a vertically movable, spring - con 
trolled slide in the basement, and an anchor 
to pivotally intervene between said slide 
and the building proper and adapted to 
move in any direction of the horizontal 
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plane, substantially as and for the purpose 
set forth. , - . . 

LUDWIG IKOHL. 
Witnesses: - . . . . . . . 

CARL BUCHIMüLLER, 
JEAN. GRUND. 

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents, 
- Washington, D.C.” - - 


