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57 ABSTRACT 
An earthquake-proof building structure is constituted 
of a heavyweight, rounded base having its bottom cen 
ter point resting on the specially constructed base 
footing, and an upper hollow shell is joined at its lower 
edge to the base, the weight of the base in relation to 
that of the shell being such that the center of gravity 
of the building structure is located within the base and 
beneath the shell. 

1 Claim, 13 Drawing Figures 
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EARTHQUAKE-PROOF BUILDING STRUCTURE 
This invention generally relates to building struc 

tures, and more particularly relates to building struc 
tures capable of effectively resisting subsurface vibra 
tions and shock of the type produced by earthquakes 
as well as being capable of withstanding floods and tor 
nadoes. 
Buildings have been designed in the past to be earth 

quake-proof as well as flood-proof and tornado-proof, 
and it is highly desirable in accordance with the present 
invention to provide a building structure which is capa 
ble of providing effective resistance against all such 
natural perils while at the same time being relatively in 
expensive to build and readily conformable for use on 
virtually any terrain. Previously, one of the applicants 
to the present invention, Manouchehr Foroutan, had 
designed an earthquake-proof building which forms the 
subject of Iranian Pat. No. 5,373, registered Nov. 22, 
964. However, the subject of that patent relates to a 

full spherical building structure having a relatively 
heavy base forming the bottom part of the sphere and 
with the center of gravity of the building located some 
distance above the base. In accordance with the pres 
ent invention it is desirable to design an improved 
building which affords optimum stability against 
ground shock and wind forces and which is greatly sim 
plified in design and construction; and specifically 
wherein the center of gravity is located contiguous to 
or within the base. 

It is therefore an object of the present invention to 
provide for a novel and improved building structure 
which is economical to construct in an efficient manner 
and in such a way as to be earthquake-proof, flood and 
tornado-proof. 

It is another object of the present invention to pro 
vide for a novel and improved building structure char 
acterized by having a heavyweight, rounded, solid base 
structure supported only at its bottom center by a rigid 
footing so as to be capable of undergoing limited tip 
ping or swaying in response to extreme earth shock or 
vibration without upsetting the building structure. 

It is still a further object of the present invention to 
provide for a building structure of simple and durable 
construction which either may be prefabricated and 
preassembled or fabricated and assembled at the site in 
a minimum number of steps, is adaptable for installa 
tion in virtually any terrain without a full foundation 
and is further characterized by possessing a high degree 
of stability so as to be capable of withstanding earth 
quakes, tornadoes and extremely high wind conditions. 

It is a still further object of the present invention to 
provide for a novel and improved building structure of 
the type described which may assume a number of dif 
ferent specific configurations while having a center of 
gravity located in the base of the building, the base 
being supported preferably above ground level and the 
living area above the base in spaced relation to the 
ground surface. 

In accordance with the present invention there has 
been devised a building structure which is earthquake 
proof and is characterized by having a heavyweight 
rounded base structure supported at its bottom center 
on a solid footing anchored in the ground and with an 
upper shell, which suitably may form a living area or 
housing for storage purposes, of generally hemi 
spherical configuration integrally joined to the outer, 
upper boundary edge of the base. The weight of the 
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ter of gravity of the building is located within the base 
for greatly increased stability. In this way, the building 
is capable of tipping or swaying when subjected to high 
winds or extreme earth vibrations without being upset. 
At the same time, the building structure as described 
obviates the use of a full foundation beneath the build 
ing and permits building construction in areas normally 
considered to be unsuitable. In its preferred form, the 
building has a solid base which assumes the form of a 
chordal segment of a sphere and an upper shell or hous 
ing in the substantial form of a hollow hemisphere with 
the hemispherical edge permanently joined to the base. 
The base may either extend beyond the lower edge of 
the shell or be joined directly to the shell. Further, the 
base is preferably composed of reinforced concrete in 
a manner to be described, and the shell preferably is re 
inforced by beams radiating and curving outwardly and 
downwardly from the top center point into rigid inter 
connection with the base. In addition, a central conduit 
which also may serve as a means of central support for 
the shell and upper floor areas extends vertically 
through the shell to house the utilities including a water 
supply system which may be employed to protect the 
building against atomic fallout, fire, and as a means of 
cleaning the exterior of the building. 
The above and other objects, advantages and fea 

tures of the present invention will become more readily 
understood and appreciated from a consideration of 
the following detailed description of the present inven 
tion when taken together with the accompanying draw 
ings, in which: 
FIG. 1 is a front elevational view of a preferred form 

of building structure in accordance with the present in 
vention. 
FIG. 2 is a view partially in section schematically il 

lustrating the framework of the building shown in FIG. 
1. 
FIG. 3 is a top plan view of the preferred form of 

building structure shown in FIG. 1. 
FIG. 4 is a detailed top plan view of one form of base 

footing for the building. 
FIG. 5 is a sectional view taken on lines 5-5 of FIG. 

4. 
FIG. 6 is an enlarged fragmentary view of the bottom 

central part of the base of the building. 
FIG. 7 is a fragmentary, enlarged view in detail of the 

reinforcing frame structure for the building. 
FIG. 8 is an end view in section of the frame structure 

shown in FG 7. 
FIG. 9 is a side view in detail of the joint between the 

shell and base reinforcing structure. 
FIG. 10 is a view in detail of the shell reinforcing 

frame structure. 
FIG. 11 is an enlarged view in section of one of the 

window portions of the shell. 
FIG. 12 is an enlarged view in section of one of the 

smaller window portions of the shell; and 
FIG. 13 is an enlarged view of one of the ventilating 

panels of the shell. 
Referring in more detail to the drawings, a preferred 

embodiment of the present invention is illustrated in 
FIGS. 1 through 6 and is broadly comprised of a solid 
base portion 10 which is preferably in the form of a 
chordal section of a sphere having a rounded or arcuate 
undersurface 11 and a relatively flat top surface 12. An 
upper, hollow shell portion 14 preferably in the sub 
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stantial form of a hemisphere integrally joined or 
united to the base at or near its outer periphery. It will 
be noted that the entire building structure is supported 
above the ground by a base footing or pier designated 
15 which is embedded in the ground to support the 
building at the bottom central point of the base. Gener 
ally, the upper spherical shell portion and lower spheri 
cal base portion are formed on different radii of curva 
ture, that of the base being greater than that of the shell 
portion so that the thickness or depth of the base is 
considerably less than the height of the building while 
having an outer circumference or peripheral surface 
corresponding to or greater than that of the shell to 
fully support the shell. In a manner to be described, the 
base is of solid construction and of a material suffi 
ciently heavy and dense that its weight exceeds sub 
stantially that of the upper shell portion so as to place 
the center of gravity of the entire building structure di 
rectly adjacent to or in the base for greatly increased 
stability and specifically in such a way that the building 
can undergo limited lateral swaying or tipping under 
severe ground shock or wind forces without capsizing. 
A secondary benefit and advantage is to eliminate the 
necessity of a separate building foundation in the 
ground. 

Referring to FIG. 1, for the purpose of illustration, 
the preferred form of building structure is designed for 
use as a residential building and has a row of relatively 
large circumferentially spaced windows 20 and a sec 
ond row of relatively small windows 21 arranged in cir 
cumferentially spaced relation to one another and in 
spaced relation to the first row of windows 20. In addi 
tion, ventilating panels 22 are spaced beneath the win 
dows 20 to afford a means of ventilation for the struc 
ture separate and apart from the windows 20 and 21. 
Entry doors are provided on opposite sides of the shell 
at its connection into the base, one entry door being 
represented at 24, and porches 25 and spiral staircases 
26 project from opposite sides of the shell downwardly 
along the underside of the base portion from porches 
25 to the ground surface designated G. As shown in 
FIGS. 1 and 2, an upper dome 28 may be transparent 
to admit sunlight and also contains discharge nozzles 
29 for a water spray system to be utilized in the event 
of fire, atomic fallout, or for cleaning purposes. 
Now considering in more detail the construction of 

the base footing 15, as will be seen from FIGS. 2, 4 and 
5, the base footing 15 is comprised of a series of I 
beams laid in perpendicular superimposed relation to 
one another and specifically including a lower series of 
I beams 30 laid side by side and in joined relation to 
one another and an upper plurality of I beams 31 in side 
by side relation superimposed on the lower series 30. 
The I beams are welded together along their joining 
lines, and a series of plates 32 are stacked on the upper 
series of I beams 31 with an upper plate 32' having an 
upper concave surface and being substantially flush 
with the ground surface. It will be evident that, depend 
ing upon the building weight and ground, the beams 
may be placed either directly in the ground or encased 
in a concrete block represented at 34 with suitable 
heavy-duty steel reinforcing mesh or bars at spaced in 
tervals, as represented at 35. However, the only part of 
the footing which is in contact with the base is the 
upper plate surface 32' beneath the bottom central 
point of the base. The radius of curvature of the upper 
surface of the plate 32' is preferably greater than that 
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4 
of the bottom center of the base in order that the base 
is free to undergo a limited degree of tipping under high 
wind or shock forces. 

In addition, a resilient padding 33 is positioned in the 
space between the plates 32 and surrounding concrete 
to yieldingly resist lateral shifting of the plates under 
swaying or lateral forces applied to the footing by the 
building. In this relation, it is desirable merely to stack 
the plates as opposed to rigid attachment or intercon 
nection between the plates in order to permit some lim 
ited degree of movement under lateral forces applied. 
Referring more specifically to FIGS. 2 and 6, the base 

portion 10 is preferably made up of a high density, 
structural material such as concrete or aggregate con 
crete material containing large boulders. Further, the 
base is preferably reinforced by T-shaped steel beams 
or rebars 40 which radiate outwardly and downwardly 
from the upper part of the base and are connected at 
their lower extremities to an outer reinforcing frame 
work in the form of curved, radial steel frame members 
36 which extend along the undersurface of the base 
portion. As best seen from FIG. 6, the frame members 
36 radiate outwardly and curve upwardly from the bot 
tom center of the base to terminate at the outer periph 
ery of the top surface portion 12. The frame members 
are made up of a principal beam 37 extending continu 
ously from diametrically opposed sides of the base 
around its undersurface; and beams 38 curve upwardly 
from the midsection of the principal beam. In addition, 
secondary beam members 39 are spaced between the 
beams 38 and curve upwardly around the undersurface 
of the base from a slotted end portion 58' of the main 
support column 58 to terminate at the outer periphery 
of the top surface portion. The beams 36 to 39 are 
made up of spaced inner and outer, curved T-shaped 
beams 41 and 42 arranged with their stem portions in 
facing relation to one another and being rigidly joined 
together by girders 44, as shown in more detail in FIGS. 
6 to 8. Specifically, the girders 44 extend at relatively 
low angles between the cross portions of the Ts and are 
L-shaped in cross-section to permit rigid attachment to 
the beams, such as by welding both to the cross por 
tions and stem portions on one side of the beams as 
shown. Again it will be seen that the frame members or 
beams curve upwardly and outwardly from the bottom 
center of the base in equally spaced, circumferential 
relation to one another and are connected to the lower 
terminal ends of outer reinforcing frame members 50 
of the upper shell portion. As illustrated in FIG. 9, the 
terminal ends of the frame members 50 and of the 
lower frame members 36 have end connecting plates 
51 and 52, respectively, the plates being flat and prefer 
ably welded together at their abutting end surfaces. 
Moreover, a box-shaped angular frame is formed at the 
joint between the upper and lower frames by steel 
plates 54 which are welded to opposite sides of the 
upper and lower frames to strengthen the joint; also, 
reinforcing plates 55 and 56 are attached to the inner 
and outer side surfaces of the joint. 
Generally, the number and spacing of the beams 

comprising both the upper and lower frame members 
may be varied depending upon the required load ca 
pacity of the building structure. The same is true of the 
reinforcing bars 40. Preferably, the concrete is poured 
so as to be flush with or to cover the external surfaces 
of the reinforcing framework in the base portion. 
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In pouring or casting the concrete base structure, 
vertical openings are left for insertion of sleeves or 
pipes represented at 57 for sanitary drains, hot and cold 
water, electrical power and heating lines as desired. 
Also a central opening is left for insertion of a central 
pipe or conduit 58 which defines a main support col 
umn extending upwardly through the base and the 
upper shell portion of the building structure. A collar 
S9 is affixed to the conduit 58 directly above the base 
frame members 36 at the bottom center of the base, 
Preferably the beams 40 are attached to the top surface 
of the base and radiate outwardly for connection to the 
inner beam sections 41 as hereinbefore described. For 
the purpose of illustration, a suitable topping or floor 
ing represented at 61 may be placed or formed over the 
top surface of the base. 

In the mounting and disposition of the base structure 
on the base footing, no connection is required because 
of the inherent stability of the base, and the building 
merely rests on the footing to prevent sinking or shift 
ing of the building structure once in place. Although 
the upper plate 32" on top of the base footing plates 32 
is shown as being concave, it can be made to be flat but 
when flat the building will be more subject to the rela 
tive shifting under lateral forces caused by earthquake 
or seismic waves, 
Now considering in more detail the construction of 

the upper shell portion, as illustrated in FIGS. 2 and 3, 
it may be divided into first and second floor levels by 
the circular floor or partition wall 62, the latter being 
supported centrally by a collar 63 on the central col 
umn 58 and being united at its outer peripheral edge to 
the inner wall surface of the building. It will be appar 
ent that the interior of the shell may be partitioned into 
the desired number of floors and rooms and, as such, 
forms no part of the present invention. An important 
consideration however is the construction of the outer 
wall of the shell and its connection into the base as 
hereinafter described. 
Considering the construction of the shell as illus 

trated in FIGS. 1 and 3, the outer reinforcing frame 
work as defined by the frame members 50 correspond 
in number, spacing and basic construction to the frame 
members 36 of the base portion. Accordingly the con 
struction of the frame members of the base as de 
scribed with reference to FIGS. 6 to 8 applies equally 
as well to the upper shell framework, and like parts are 
correspondingly enumerated. Of course the curvature 
and length of the upper frame members will differ in 
order to conform to the desired configuration of the 
shell which in the preferred form is of hemispheral con 
figuration. Further it will be noted that the principal 
beam 37 for the upper shell has straight extensions 66 
at diametrically opposed ends to serve as reinforcing 
members for the balcony 25 and stairway 26. Exten 
sions 67 are also provided on the secondary beams 39 
next to the principal beam 37. A circumferential rein 
forcing ring 68 for the frame members 50 is defined by 
arcuate beam segments 69 between the frame members 
50 directly above the connection to the terminal ends 
of the lower frame member 36. An auxiliary circumfer 
ential reinforcing ring 70 may be disposed between the 
frames 50 at the mid-level of the shell adjacent to the 
second floor level, and additional rings, not shown, may 
be spaced as required between the top of the shell and 
base. In each case the rings are preferably in the form 
of arcuate segments between the frame which in basic 
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6 
combination corresponds to the beam construction de 
scribed with reference to beams 37 and 38 and shown 
in FIGS, 7 and 8. 

It will be seen from FIGS. 3 and 6 that the frame con 
struction at the bottom center of the base and the top 
center of the shell are identical. In each, the principal 
beam 37 and the secondary beams 38 pass through 
open slots in the end portions 58' of the columns 58; 
whereas, the secondary beams 39 terminate at the 
edges of the end portions 58". In addition, the center 
connecting portions of the beams 37 to 39 have side re 
inforcing plates 60 interconnecting opposite sides of 
the inner end beams 41 and 42 comprising each of the 
beam members 37 to 39. The collars S9 and 63' are 
correspondingly attached to the column against the 
inner surfaces of the inner beams 4 as shown, 
The wall 71 of the shell is preferably composed of 

concrete which either may be sprayed, cast or poured 
in accord with conventional practice between the rein 
forcing frames, The concrete wall covers the external 
surfaces of the upper frame members 50 and includes 
a layer of insulating material 72 together with reinforc 
ing mesh layers 74 as best seen from FIGS, 3 and 10. 
Referring to FIGS, 11 and 12, the preferred form of 

window construction is illustrated for the lower and 
upper rows of windows 20 and 21, in the upper shell. 
Here the mounting and installation of the windows in 
each row is identical except for difference in size and 
accordingly like parts are correspondingly numbered. 
Thus in each row each window consists of a convex 
transparent plastic window 80 placed in eight equally 
spaced openings around the building in each row for 
natural lighting purposes. The outer peripheral edge of 
the window is secured in an annular rubber seal 81 
which in turn is mounted within a generally U-shaped 
metallic frame 82, the latter being embedded in the 
concrete wall of the building. It will be noted that the 
windows are permanently mounted in place and cannot 
be opened so as to provide a more rugged, safe con 
struction and simplified installation. Instead, separate 
ventilating doors 22 are arranged in spaced relation 
corresponding to that of the lower row and directly be 
neath the lower row for ventilating purposes. Here the 
door is represented as being relatively flat and of rect 
angular configuration with one end hinged as at 84 to 
a jamb or frame installed in the concrete wall. It will be 
seen further that main entrance doors 25, one being il 
lustrated in FIG. 2, are positioned in opposed wall por 
tions of the building and are inset from the wall to pro 
vide a means of access from the balconies into the inte 
rior of the shell. The doors are of conventional con 
struction and form no part of the present invention. If 
desired, the doors can also be built to be flush with the 
outside wall of the building and the doorway leads from 
the circular balcony 25 on each side, the balconies in 
cluding a suitable railing 86 surrounding the flooring 87 
and leading into the stairway 26. Again the entrance 
door, balconies and stairways are shown merely for the 
purpose of illustration and may be of any design con 
struction. 
The water spray system which runs through the cen 

tral pipe leads into the discharge nozzles 29 disposed 
between the relatively large circular, convex metal cov 
ers 87 and 88 on the top center portion 29 of the build 
ing externally of the shell. In addition, the utilities for 
the building may also extend from the supply lines 57 
by a suitable conduit, not shown, through the central 
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pipe. The water spray system is provided merely for the 
purpose of cleaning or to be used in the event of fire or 
atomic fall-out and is not an essential part of the build 
ing structure. 
From the foregoing, it will be appreciated that the 

preferred form of building structure is readily conform 
able for use and installation in virtually any terrain; and 
for the purpose of illustration but not limitation, is 
readily adapted for use in the design and construction 
of residential homes, storage facilities, stadiums, con 
vention centers, apartment or office buildings. The 
base and shell portions may be prefabricated and preas 
sembled at the factory for shipment to the intended 
site, at least for smaller sized buildings. However, in 
larger sized buildings, the weight of the base portion 
may preclude preassembly and require construction at 
the site or at least require shipment in separate sec 
tions. The upper shell portion, even for larger sizes, ei 
ther may be built in section or completely prefabri 
cated and joined to the base by welding together the 
outer reinforcing framework in the manner described. 
While the upper shell portion may assume various dif 
ferent configurations, such as, rectangular or other po 
lygonal or curved configurations. The hemispherical 
configuration itself lends well to ease of fabrication and 
assembly to the base. Its height and weight in relation 
to that of the base can be determined in order to main 
tain the center of gravity of the building within the base 
portion. In this way the building is capable of with 
standing high wind forces as well as earthquakes or lat 
eral shifting in the ground, together with vertical oscil 
lations and waves. Further the building may be con 
structed without the central pipe or conduit. 

It is therefore to be understood that various modifica 
tions and changes in the construction and arrangement 
of parts and elements comprising the preferred form of 
invention may be resorted to without departing from 
the spirit of the present invention. 
What is claimed is: 
1. An earthquake-proof building structure compris 

ing in combination: 
a concrete base footing embedded in the ground hav 
ing superimposed I-beams embedded therein and a 
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8 
series of steel support plates stacked on said I 
beams, and a resilient pad between said support 
plates and the concrete; 

a solid, heavyweight base composed of reinforced 
concrete being in the form of a sphere less than a 
hemisphere having a relatively flat surface and a 
round undersurface resting on the support plates of 
said base footing even with the ground surface so 
that said building is capable of being lifted, tipped 
or swayed; 

a hollow upper shell affixed to the upper and outer 
periphery of said base, having outer wall sections, 
a plurality of window openings and separate venti 
lating panels disposed at spaced intervals in the 
wall of said shell, entry doors, and a stairway ex 
tending downwardly from the entry doors into said 
shell along the external surface of said base to the 
ground level; 

said base having a radius of curvature being greater 
than that of said upper shell and the weight of said 
base in relation to that of said shell being such that 
the center of gravity of the building structure is lo 
cated within said base; 

said base and shell each including radially extending 
circumferentially spaced steel reinforcing beams 
extending from the upper and lower center por 
tions of said shell and base, respectively, and curv 
ing outwardly for connection at the juncture of said 
base and shell; 

said reinforcing members being defined by a pair of 
inner and outer generally T-shaped beams in which 
the stem portions of said beams face inwardly 
toward one another and girder members extend at 
relative low angles between said inner and outer 
beams and rigidly interconnect said beams; 

said girders being generally L-shaped in cross-section 
and being permanently attached to the cross por 
tions of said T-shaped beams; and 

the joint formed at the juncture of each of said rein 
forcing members for said base and shell having re 
inforcing plates interconnecting adjoining ends of 
said reinforcing members. 
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