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The invention relates to a systemn of cor struction which
utilizes the tensile properties of structural materials to
the fullest advantage. It has special application to struc-
tures of vast proportions such as free-span
of roofing a stadium or housing an entire village or city,
and to mammoth air-flotable spheres as well as
light weight structures adapted to be transported
In general, my invention is useful wl rever it
tageous to make the largest and strongest structure px.
pound of structural material employed. It is applicable
ulso to geodesic structures such as described and claimed
in my prior Patent No. 2,682,235.

SUMMARY

The essence of my invention consists in the
of how to progressively reduce the aspect
ia a structure so that, 1o a greater extent
found possible before, the structure will have the aspect
of continuous tension thr.:ghout and the )
will be subjugated so that the compression elements be-
come small islands in a sea of tension. This is 1o bring
the slenderness, lightness and strength of the suspension
m@umwmmymubym
compression column concept of building. The suspension
bridge is fundamentally a tensioned structure through
its use of the catenary curve of the cables betwen com-
pression column towers. My invention is akin to taking
some of the compression out of the “compression lowers,”
i.e. the columns, walls and rcofs, of a building, or even
taking compression out of a single columa or mast
through the creation of a structure having discontinuous
compression (as hereinafter defined) and continuous ten-
sion and wherein the islands of compression in the mast
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what appears as a single column-like member, und the
outer parts of the columns of each tepee being connecied
to one another only by temsion elements. Tension ¢l
ments also connect the outer parts of the columns 1o
points on the columns in the region where they are joined
together in apparent comtinuity.

As applied to structures generally, my invention con-
sists in a structure comprising a plurality of disccatinuous
compression columns arranged in groups of three non-
conjunctive columns conuected by tension elements form.
ing tension triangles, columas of adjacent groups being
joined together in apparent continuity as above described.

According to another aspect of my invention the struc-
ture comprises an assemblage of tension and compres-
sion componenis arrunged in a discontinuous compres-
sion system in which the compression components com-
prise an assemblage of compression and tension compo-
nents arranged in a discontinuous compression system
whereby the islinds of compression in the initial discon-
tinuous compression syslem are progressively diminished
in size and relative mass.

Description
FIG. 1 shows the plan of a three-column tepee with
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connecling
tensile integrity

2
tension elements, called u thres-strut ovtabedral

FIG. 2 shows an
grities of FIO. 1.

of
FI1G. § is a plan view
FIG. 6 is a sectional view taken on line 66
FIG. 7 is a boom schedule for &
tensegrity sphere.
FI1G. 8 is a color code for
F1G. 7 according to one
F10. 9 is a furiher color code for
F1G. 10 is a
taired by following
FIG. 11 is a plan
grity obtained by assembling

F1G.
dencies of the thrusts of the boomn ends in the tensegrity
of FIG. 11, known as a

F1G. 1) is a diagram to explain
dencies of the thrusts of boom
of FI1G. 10, known as a “double

FI1G. 14 shows a modified form of strut,

F1G. 15 is a perspective view of
of boom.

FIG. 16 is a perspective view showing how the
of FIG. 15 arc interconnected in a tensegrity complex.

FIG. I?haﬂuvﬁwdlm"do- -y

FI1G. 21 shows an assemblage of a sumber
booms of the form shown ia FIQ. 20.
FIG. 22 is an enlarged cross sectional view
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termed
that this primary system displays the six
are charactcristic of the octahedron, a polyhedron
three axii, six vertexes, eight faces o.d
a spherical system made up of such
tensegrities it becomes possible to omit
if present would lie along six of the
octahedron. The omission of such
scure the visual appearance of the eight triangu
of the oclahedron, but does not destroy the
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as;~ct of the primary system that
predetermined by the presence
said six vertexes which characterize
umns 1 are connected by tension elements
or cables 2 forming a tension triangle
tension elements 3 connect the vertexes
tension triangle to points 18 on the
gion where they are joined to the
tensegrities. The dotted lines outlining

tripod in FIG. 1 are theoretical and do 10
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tinuity in a structural sense is real, in respect
in com, it is not real. Hence
columns are said tc be joined together in
tinuity.” And because the tension network

arated from one another and are supported :o as to float
in the network of tension wires, it has seemed appropri-
ate to characterize the structure further as
compression elements which are like “islands”
pressicn in a “sea” of tension elements. If desired, the
structure may contain tension wires as represented by the
dotted lines in FIGS. 1 and 3. Such wires when used
will relieve the columns of bending stresses and complete
the interior tensional integrity of the octahedral

The compression members are said to be discon
because no force of compression is transmitted from one
to the other as they float in a sea of tension eleni*nts.
Their positions are fixed by the octa system of the uniy,
although they have a turbining tendency as we shall see
later. In the discontinuous compression assembly of FIG.
3, termed a complex of the primary three-strut tensegri-
ties, or a “complex tensegrity,” the imaginary wires rep-
resented by the dotted lines in FIG. 1 are made unneces-
sary because of the arrangement of the primary tense-
gritics in a spherical system.

In our consideration of the complex tensegrity of FIG.
3, it will be observed that the terminal junctures of the
several primary tensegrities are all in alignment, i.e, 180°
junctures, and are apparently compressionally continuous
by reason of the fact that each pair of columns 1 inte-
grally joined together, appear as a single column-like
member. Because of this seeming continuity of compres-
sion from one primary tensegrity to another and because 75
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turbo triangles complex tensegrity. “Single bonded™ de-
notes the non-overlapping triangles of this view. Com.
paring FIGS. 10 and 11 it will be noticed that in the
single bonded construction the triangles arc spaced apart
whereas in the double bonded construction they overlap,
Where the triangles are spaced apart (FIG. 11) it will be
seen that a point of attachment 18 (FIG. 1) of the tension
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cent primary tensegrity tripods.

compression aspects emerge in the characteristic form 1 ;

have called a “B-boom.” The booins may be trussed in-
teriorly by perforated metal strips 10 welded or other-
wise secured to the sides of the trough.

FIG. 17 shows a 270-strut geodesic sphere tensegrity
with single bonded positively turbining triangles con-
structed from the trough or gutter booms of FIG. 15. The
triangles, hexagons and pentagons of the tensegrity com-
plex may be covered with any suitable plastic or metal
skin such as the flanged metal pans shown at 11, 12, The
triangular pans may be flat. The hexagonal and pen-
tagonal pans may be made of flat sheets bent to suit the
form of the hex and pent surfaces as shown. A com-
plete waters!.ed is afforded by this construction, each gut-
ter boom draining into the center of an adjacent boom, the

booms forming a spidery pattern of eaves troughs for the 7

surfacing skins.

FIG. 18 shows a discontinuous compression structure
in which the double lines represent compression struts and
the single lines represent tension elements, If desired, the
compression columns or struts 1 of the primary and com-
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plex tensegrities of FIQS, I—!n:
cortinuous com, struts
‘I':. Tblﬂl::.lillmnm
tension and com
Mhadmmmw
the compression componen
assemblage of com

i

to the boom shown in FIG. 15 whose
compression column and whose upper edges are
10 be stressed in tension. Weirs or recesses 9’ are
to rec ‘'ve the ends of the troughs of booms of
struction. A pair of generally triangular sheets
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By reason of
of like components
FIG. 21, finds five
form the surface of a pentagon or
may be (see the pentagons and
of FIG. 11), and three small triangles 14 mating
the surface of the triangles of the tensegrity.
of the triangles preferably are curled into
form as at 15 to assist in forming a watershed.
the triangles are preferably curved into petal-like
shown to gain an overlapping iris pattern and
modate the surfacing elements to the form
part of the boom with its sloping erds.

It will be remembered that in describing the
a 270-boom tensegrity geodesic sphere with
the design factors given in FIG. 7,
the length of all booms will be
angle of 25°14'30” of the sphere.
boom components of FIG. 7 all utilize one
length of strut, so the 270-strut tensegrity of FIG. 10
entirely constructed from boom components utilizing this
one standard-length strut. 1 have found that this simpli-
fication can be carried one step further by comstructing
the 270-strut tensegrities of either FIG. 10 or FIQ. 11
from one unique B-boom consisting of a

For example,

|

strut and a standard form of tension sling,
I have constructed the double-bonded tensegrity of FIG.
10 entirely from one such unique B-boom design

will now be described in terms of its principal dimen-
sions. The length of the boom, as before, will be such
as to subtend an angle of 25°14°30” of the desired sphere.
Referring to the boom at the top of FIG, 7, the factors
for designing the unique boom become:

;
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Given the size of the spliere Jo be constructed, these fac-
tors ar: used as multipliers for direct calculation of the
dimensions of the wire sling of the one unique boom
component. The factors are simply multiplied by the
radius of the desired sphere.

According to this further simplification, one unique
B-boom alone implements any given size of spherical
structure of visibly negligible radial variations in surface
sphericity and of any frequency modular multiplication
of self-divisioning to beyond billionfolds. Here emerges
a surprising and significant attribute of my tensegrity
sphere, for past concepts of identical subdivisioning of
a sphere have suggested that the upper limit of such sub-
divisioning is sixty identical components or one hundred
and iwenly components comprising sixty positive and
sixly negative (“mirror image”) components. Tensegrity
according 1o my present invention now permits spherical
structuring in any size and in any frequency of subdivi-
sioning in both single and multiple layer trussing with the
use of only one unique boom component. Heretofore
such uniformity could be enjoyed only in rectilincar struc-
tures for it had seemed that ical structuring was
excluded from such simple treatment. Yet I have found
in tensegrity the key to a new uniformity in the erection

of spherical structures which opens the door to the prac- =

tical construction of spheres and spherical domes of vir-
tually unlimited size without prohibitive complexity of
componentation.

As the size of the structure and the number of identical
components increase, central angles of the sphere sub-
tended by individual components and the lengths of the
chords represented by each component are so reduced in
relation to the size of the sphere that the arc altitudes of
the tension slings become negligible, The tension filled
gap between adjacent booms then bucoines virtually in-
visible and the booms seem deceptively .o be arrayed in
continuous compression contact. Yet they are not in such
continuous compression contact and therefore are not
subject to the circumferential shear stresses character-
istic of more conventional compression systems. Instead,
through the interaction of the tension slings, each boom
is pulled radially inwardly in tensional coherence. In
such high frequency arrays the tension slings of the
booms can advantageously be constituted by iniegral
flanges or fins on the booms as in FIG. 16, wherefore
the discontinuous tensional nature of the structure be-
comes invisible and may only be apprehended upon analy-

sis of the progressive stages of tensegrity from the tepes .

through the three-strut octahedral system as described
with reference to FIGS, 1-3.

The terms and expressions which I have employed are
used in a descriptive and not a limiting sense, and I
have no intention of excluding such equivalents of the
invention described as fall within the scope of the claims
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I claim: :

I. A structure comprising a plurality of column-like
members and a plurality of tension elements, column-
like members being held in axially spaced relationship 1o
one another by the tension elements arranged as follows:
cach end of each column-like member is connected by .
tension elements both to an end portion and to a portion
intermediate the ends of an adjacent column-like member.

2. A structure according to claim 1 in which that part
cf a column-like member which lies to one side of its
central portion forms a triangular arrangement with two
adjacent column-like members, and that part which lies
to the other side of said central portion forms a triangular
arrangement with another two . jjacent column-like
members, said two triangular arrt gements overlapping
one another,

3. A structure according to clain: 1 in which that part
of a column-like member which lies to one side of its
central portion forms a triangular arrangement with two
adjacent column-like members, and that part which lies
to the other side of said central portion forms a triangular
arrangement with another two adjacent column-like
members, said two triangular arrangements being spaced
from one another.

4., A structure according to claim 1 in which said
column-like members arc comprised by struts and said
tension elements are comprised by cable means.

5. A structure rccording to claim 1 in which said
column-like mem'ers are comprised by the bases of
trough-shaped m:mbers and said tension elements are
comprised by ih: edges of said trough-shaped members.

6. A structurc according to claim 1 in which said
column-like members comprise an assemblage of com-
pression and tension components with compression com-
ponents held in spaced relationship by the tension com-
ponents.

7. In a discontinuous compression structure, a com-
ponent comprisirg a strut and a pair of flexible tension
slings each connected to an end portion and to a portion
intermediate the ends of the strut, and means for connect-
ing said slings respectively to end portions of two other
components of like construction.
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