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57 ABSTRACT 
A tower structure consisting of a central vertical 
frame shaft surrounded by an outer structure in the 
form of a hyperboloid of revolution composed of two 
sets of intersecting straight linear structural elements 
arranged to define the hyperboloid, the linear ele 
ments being connected at their intersections to the 
central shaft by horizontal radial bracing members. 
The outer structure may be formed by successively 
connecting preassembled sub-assemblies consisting of 
segments of the linear elements with radial bracing 
members attached thereto. The central vertical shaft 
contains means of access to the upper levels, such as 
stairways, ladders, elevators, and the like, and a plu 
rality of horizontal deck levels are provided within and 
on top of the tower structure. 

15 Claims, 17 Drawing Figures 
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HYPERBOLC TOWER STRUCTURE 

This invention relates to building structures, and 
more particularly to an improved tower structure in the 
form of a hyperboloid of revolution. 
A main object of the invention is to provide a novel 

and improved tower structure which is relatively easy 
to erect, wherein wind forces and other lateral forces 
are efficiently resisted by axial forces developed in . 
outer linear structural members, and wherein the outer 
linear structural members serve as supporting means as 
well as bracing means for the structure. 
A further object of the invention is to provide an im 

proved tower structure which employs relatively light 
weight structural members to maintain it in erect posi 
tion and to resist lateral and other forces, the structural 
elements employed being relatively expensive, being 
easy to install, and providing a final structure of high 
strength and pleasing appearance. 
A further object of the invention is to provide an im 

proved tower structure substantially in the form of a 
hyperboloid of revolution composed of intersecting 
straight linear structural elements and having a central 
vertical shaft portion which may contain means of ac 
cess to the various levels of the tower structure, such 
as stairways, ladders, elevators and the like, the im 
proved tower structure being capable of erection by the 
use of preassembled sections which are relatively light 
and easy to handle and which thereby enable the tower 
structure to be built economically and without requir 
ing the use of expensive equipment. 
A still further object of the invention is to provide an 

improved tower structure having high structural rigid 
ity and strength relative to the weight of metal em 
ployed in the structure and at the same time providing 
a highly pleasing esthetic effect so that it improves the 
general appearance of the environment in which it is 
installed 
A still further object of the invention is to provide an 

improved tower which is relatively simple in construc 
tion, which is adequately braced to withstand maxi 
mum expected wind forces and other types of loading, 
which has a pleasing shape, and which can be quickly 
and expensively erected. 
Further objects and advantages of the invention will 

become apparent from the following description and 
claims, and from the accompanying drawings, wherein: 
FIG. 1 is an elevational view of a typical hyperboloi 

dal tower structure constructed in accordance with the 
present invention. 
FIG. 2 is an enlarged top plan view of the hyper 

boloid-defining framework of the tower structure of 
FIG. 1 and illustrating the manner in which the linear 
hyperboloid-defining elements are oriented. 
FIG. 3 is a developed diagrammatic view of the 

hyperboloid-defining elements employed in the tower 
structure of FIG. 1 and showing intersection points of 
the structural elements at the various levels of the 
tower structure. 
FIG. 4 is a fragmentary elevational view showing in 

tersection joint elements along a composite linear 
structural element forming part of the tower structure 
of FIGS. 1, 2 and 3 and showing the different intersec 
tion angles at the various levels of the tower structure. 
FIG. 5 is a fragmentary side view substantially show 

ing the intersection joint elements of the composite lin 
ear structural elements of FIG. 4 and illustrating the 
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2 
variation of the angle between the horizontal radial 
brace elements and the intersection segments to which 
they are connected at the various levels of the tower 
structure of FIGS. 1, 2 and 3. 
FIG. 6 is a fragmentary enlarged vertical cross 

sectional view taken through the lower portion of the 
hyperboloidal tower structure shown in FIG. I. 
FIG. 7 is an enlarged fragmentary horizontal cross 

sectional view taken substantially on the line 7-7 of 
FIG. 6. 
FIG. 8 is a fragmentary enlarged horizontal cross 

sectional view taken substantially on the line 8-8 of 
F.G. 6. 
FIG. 9 is an enlarged fragmentary horizontal cross 

sectional view taken substantially on the line 9-9 of 
FIG. 6. 
FIG. 10 is an enlarged fragmentary front elevational 

view of a typical hyperboloid-defining linear structural 
segment employed in the tower structure of FIG. 1. 
FIG. A 1 is a side elevational view of the structural 

segment shown in FIG. 10. 
FIG. 12 is an enlarged horizontal cross-sectional view 

taken substantially on the line 12-12 of FIG. 6. 
FIG. 13 is a fragmentary horizontal cross-sectional 

view taken substantially on the line 13-13 of FIG. 14. 
FIG. 14 is an enlarged fragmentary vertical cross 

sectional view taken substantially on the line 14-14 of 
FIG. 6. 
Fig 15 is a vertical cross-sectional view taken sub 

stantially on the line 15-15 of FIG. 14. 
FIG. 16 is an enlarged fragmentary vertical cross 

sectional view showing the details of the connection of 
a horizontal radial brace member to its associated 
hyperboloid-defining structural segment, such view 
being taken substantially on the line 16-16 of FIG. 17. 
FIG. 17 is an enlarged fragmentary perspective view 

showing a pair of preassembled hyperboloid-defining 
structural sub-assemblies and showing how they are in 
terconnected and are connected to the interior vertical 
shaft structure, illustrating the manner in which con 
nections are made at three points for each structural 
sub-assembly in the course of erection of the hyperbo 
loidal tower structure. 
Two general types of tower structures have been 

commonly employed for many years. The free standing 
tower is essentially a structure in which all lateral 
forces are resisted by bending or flexural resistance of 
the tower shaft. The guyed tower is the alternative form 
in which the shaft structure resists all vertical loads, in 
cluding the vertical components of forces in the guys, 
and lateral forces are resisted by flexible guys capable 
of tension resistance only. Wind forces of a guyed 
tower induce tension reactions in the windward guys, 
and the leeward guys contribute nothing to the support 
of the tower. 

In a tower constructed in accordance with the pres 
ent invention, the hyperbolic arrangement of the brac 
ing system permits the lateral forces to be resisted in 
tension in those hyperbolic elements inclined from the 
ground with components in the direction of the wind, 
while those inclined in opposition to the wind are capa 
ble of providing support in compression reactions. Thy 
system, according to the present invention, is therefore 
braced rather than guyed. 

Mathematically, a form of tower such as that pro 
posed herein has been known for centuries as the "hy 
perboloid of one sheet', or as the "hyperboloid of rev 
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olution of one sheet'. This form is also one of the fam 
ily of mathemetically defined forms known for centu 
ries as "ruled quadric surfaces'. This family of mathe 
matical forms is characterized by the fact that, though 
the surface is doubly curved in space, it may be gener 
ated by straight lines. 

In recent years, the development of the use of a vari 
ety of structures depending for their stiffness on surface 
curvature has attracted widespread interest. These 
structures have led to the evolution of much literature 
in the field under the generic term “thin-shell struc 
tures'. They have taken their most varied development 
in moldable materials (concrete, plastics, etc.) which 
lend themselves to curved surface forms. 
The development of structures of these types fabri 

cated of structural steel has been more limited due to 
the essentially linear form in which steel members are 
produced. Shell structures in steel have been developed 
by applications of line increment approximations of 
curved surfaces (for example, Fuller's geodesic dome), 
and by application of the other doubly curved ruled 
quadric surfaces which inherently may be described by 
systems of straight lines - the hyperbolic paraboloid 
roof form. The concept of the present invention ex 
tends the shell structure principles to a vertical form to 
provide a ruled quadric surface from linear materials 
and thereby gains the efficiency of a shell structure in 
a vertical tower form formerly available only to rela 
tively horizontal roof structures. The characteristics of 
high stiffness for minimum materials used, conversion 
of bending forces to membrane stresses, and weight 
savings, well known in the literature of shell theory, all 
become available to the tower form in the present in 
vention. 
Towers in the form of continuously-skinned hyperbo 

las of revolution have previously been built (for exam 
ple, the Seattle “Space Needle', cooling towers for nu 
clear power plants, and the like). The structure of the 
present invention employs an open lattice form of this 
shell, uniquely suited to fabrication from long linear 
materials (pipe, tubing, bars, rolled or drawn structural 
shapes, and the like). 
For example, as shown in FIG. , a tower structure 

is illustrated, comprising an intersecting network of 
pipes, each of which is a line element of the two sets of 
line families which define a hyperboloid of revolution. 
The distance between consecutive intersections along 
each line element will vary with the choice of number 
of line elements to be used, the ratio of plan diameter 
to waistline diameter, and the ratio of plan diameter to 
waistline height. As the number of line elements is in 
creased, the full shell surface is more nearly developed. 
As the distance intersections is increased, the length 

of each structural element forming a segment of a line 
between intersections is increased, the structural ele 
ment forming a segment of such a line becoming sus 
ceptible to local column buckling, a phenomenon well 
described in the literature on structural theory. Resis 
tance to local buckling of this type can be provided by 
selecting a structural member providing adequate ra 
dius of gyration in its section geometry, or by providing 
intermediate bracing to reduce its free buckling length. 
As will be presently explained in detail, with reference 
to FIG. 7, 8 and 9, an arrangement of horizontal radial 
members is employed to provide bracing against local 
buckling tendencies. Also, rigid ring members could be 
employed to provide a similar function. An example of 
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4 
a ring member so employed is illustrated in FIG. 9. The 
radial members also permit lateral forces from the cen 
tral shaft structure to be transmitted to the external hy 
perbolic system. 
Referring more particularly to the drawing, FIG. 1 

shows a typical observation tower 20 constructed in ac 
cordance with the present invention. The tower 20 is 
provided with deck areas at several levels near its top, 
for example, the deck structures shown respectively at 
21, 22 and 23. Access to these deck areas is provided 
through a central framed shaft 24 containing both ele 
vators and stairways. 

In the typical example illustrated, a substantial 
amount of structure is required for the support of the 
stairways and guidance of the elevators, and the verti 
cal loading resulting therefrom is carried essentially by 
the framing of the central shaft structure, presently to 
be described, the lateral loads being transmitted to the 
exterior hyperbolic elements. It is to be noted that in 
other applications within the concept of the present in 
vention, in which the need for vertical traffic volume 
handling is not so great (for example, radar-radome 
support towers or the like), the vertical loads could be 
carried by the hyperbolic elements themselves. In the 
typical embodiment illustrated in the drawings, the 
tower 20 is fabricated mainly from steel pipe and rolled 
structural steel shapes. Other embodiments within the 
concept of the present invention could be fabricated 
from other structural materials, including wood, alumi 
num, a variety of plastic materials with or without rein 
forcements, or the like. 
The central vertical structure 24 comprises a vertical 

frame of substantially rectangular horizontal cross 
sectional shape which is fabricated from rolled struc 
tural steel members comprising vertical rolled steel 
structural shapes 25 and horizontal rolled shape-beams 
26 secured together to define the aforesaid vertical 
central frame. As shown in FIG. 9, the vertical frame 
structure includes the internal horizontal brace mem 
bers 27 which may comprise rolled steel structural 
members such as I-beams. The vertical frame structure 
24 may be suitably anchored to a horizontal supporting 
base slab 28. 
The hyperbolic outside framing comprises a first set 

of inclined linear elements 29 connected at their bot 
tom ends to the base slab 28 at uniformly spaced points 
30 circularly arranged concentrically with the vertical 
axis of the central shaft structure 24 and an equally and 
oppositely inclined second set of linear elements 31 
connected to the slab 28 at the points 30 and intersect 
ing the first-named linear elements 29 at a multiplicity 
of intersection points 32, at which points the linear ele 
ments are connected together in a manner presently to 
be described, whereby to define a hyperboloid of revo 
lution leading upwardly to the top deck 23 in the man 
ner shown in FIGS. 1 and 2, the top ends of the linear 
elements 29 and 3 are connected together to uni 
formly spaced points 33 at the periphery of the top 
deck 23. Lateral bracing may be provided, as will be 
presently described, by radial brace rods connecting 
the intersections 32 with the central vertical shaft 
structure 24 or by the provision of vertically spaced 
horizontal rigid brace rings 34 connected to the hyper 
boloid-defining linear elements 29 and 31 in the man 
ner illustrated in FIGS. and 9. 

In a typical embodiment, such as is illustrated in 
FIGS. 1 and 2, the base connection points 30 may have 
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an angular spacing of 20° relative to the vertical axis 
of the tower, and the linear elements 29 and 31 may be 
so inclined as to have vertically projected angles of 
22% relative to and on opposite sides of a vertical ra 
dial plane 35 passing through the vertical axis of the 
to Wer. 
FIG. 3 is a theoretical developed view of the hyper 

boloidal tower structure defined by the above 
mentioned linear elements 29 and 31, said linear ele 
ments being shown as being somewhat sinuous in the 
theoretical presentation of FIG. 3, although in actuality 
the elements are straight. FIG. 3 illustrates various suc 
cessive levels spaced vertically on the tower structure, 
designated respectively from one to nineteen, the levels 
from four to sixteen corresponding to the levels of in 
tersection points 32 of the linear elements 29 and 31. 
Brace rings 34 may be employed at the levels 2, 3 and 
5, and the upper levels 17, 18 and 19 corresponding to 
the levels of the horizontal deck structures 21, 22 and 
23. 
The tower structure is provided with a bottom brac 

ing framework comprising vertical post members 38 
anchored to the base slab 28 and rising for a substantial 
height, the post members 38 being at equal radial dis 
tances around the vertical axis of the tower and being 
uniformly spaced relative to each other. The top ends 
of the post members 38 are connected to the central 
shaft structure 24 by upwardly and inwardly inclined 
tie bars 39. The top end of each vertical post member 
38 is likewise connected to a pair of outwardly adjacent 
linear members 29 and 31 by horizontal tie bars 40 pro 
vided at their outer ends with linearly triangular-shaped 
frame portions 41 substantially in the form of equilat 
eral triangles, said frame portions 41 being rigidly con 
nected to their associated tie bars 40. The triangular 
portions 41 have outer horizontal bar elements 42 at 
the opposite end portions of which are secured out 
wardly extending short cylindrical members 43, 43 in 
which are secured respective fastening bolts 44, 44 
which are engaged through the linear members 31 and 
29 and are suitably fastened thereto. See FIG. 12. 
The top ends of the vertical post members are further 

rigidly connected by horizontal tie bars 45 which are 
thereby substantially circularly arranged around the 
vertical central shaft structure 24, as will be apparent 
from FEG. 8. 
As shown in FIGS. 6 and 7, at levels spaced upwardly 

along the tower structure, adjacent pairs of linear mem 
bers 31 and 29 are similarly connected to the central 
vertical shaft structure 24 by horizontal radially di 
rected tie bar elements 50, similar to the previously de 
scribed tie bar elements 40, and provided with the tri 
angular outer connection frame elements 41, as shown 
in FIG. 12. Thus, in a typical embodiment illustrated 
there are two sets of radial tie bar members 50 and as 
sociated outer connection frame structures located 
above the bottom bracing structure including the verti 
cal post members 38 and inclined tie bar elements 39. 
As shown in FIG. 6, a horizontal rigid circular connec 
tion ring member 34 may be employed at the next con 
nection level to interconnect the linear members 29 
and 31. As above mentioned, additional rigid horizon 
tal ring members 34 may be employed in the same man 
ner at various other levels of the tower structure. 
To facilitate the erection of the tower structure and 

simplify fabrication thereof, the linear members are 
preferably formed from combinations of preassembled 
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6 
elements such as those shown in FIGS. 10 and 11, the 
preassembled elements being utilized in the manner il 
lustrated in FIG. 17. Thus, the segments of the linear 
members may comprise main tubular body portions 51 
to the opposite sides of which are rigidly secured 
aligned flat bar segments 52 and 53 appropriately an 
gled in accordance with specific intersections of the lin 
ear members of the tower structure. The aligned flat 
bar members 52, 53 are apertured, as at 54, to receive 
fastening bolts and are beveled, as at 55, to facilitate 
their insertion into the open end portions of body mem 
bers 51 of adjoining preassemblies. 
The end portions of the body members 51 are bev 

eled, as shown at 56, and are suitably shaped to con 
form with the contours of the body members 51 adja 
cent the flat bar elements 52, 53 when segments are 
joined together in the manner illustrated in FIG. 17. 
Thus, the lower bar elements 52 are inserted into the 
top ends of the subjacent body members 51 and are fas 
tened thereto by bolts 57 extending through apertures 
58 which register with selected pairs of apertures 54. 
The upper splice bar elements 53 are received in the 
lower ends of the main body members 51 of the next 
upwardly adjacent sub-assembly to be connected at the 
intersection. In this manner, the linear elements may be 
built up from sub-assemblies such as shown in FIGS. 10 
and 11 in the manner illustrated in FIG. 17, and the hy 
perbolic lattice of the tower structure may be built 
from such sub-assemblies. 
As shown in FIG. 17, the sub-assembly may include 

a radially directed tie bar element 60 extending from 
the intersection toward the central shaft structure 24 
and being adapted to be horizontally secured to said 
central shaft structure. Thus, as shown in FIG. 16, a 
suitably inclined sleeve member 61 may be secured in 
the body member 51 of the subassembly, being rigidly 
secured as by welding, or the like, through which a bolt 
62 extends which engages through an annular washer 
63 welded in the end portion of the associated radial tie 
bar element 60, the bolt 62 being threadedly engage 
able with a nut element 64 welded onto the washer 63. 
Thus, the associated radial tie bar element 60 may be 
secured to the body member 51 of the sub-assembly 
and will be properly oriented relative thereto because 
of the particular orientation of the bolt sleeve element 
61 employed in the body member 51. Each tie bar ele 
ment 60 is provided at its end with a rigidly connected 
flange 65 adapted to receive fastening bolts 66 for se 
curing the tie bar element to the web 67 of an I-beam 
forming part of the adjacent central shaft structure. 
Flanges 65 and fastening bolts 66 may be similarly em 
ployed with the previously described tie bar elements 
39 and 50 for connecting the inner ends of the tie bar 
elements to the webs 67 of I-beams forming the adja 
cent portions of the central shaft structure 24, the con 
nections being shown in detail in FIGS. 13, 14 and 15. 
As mentioned above, each sub-assembly unit com 

prises a tubular segment 51 with its aligned bar ele 
ments 52 and 53 rigidly secured thereto and its appro 
priate tie bar tubular element 60 secured thereto by a 
bolt 62 in the manner illustrated in FIG. 16. In assem 
bling the tower structure, each subassembly unit, such 
as the unit designated generally at 70, in FIG. 17, is in 
stalled by three-point securement; first, at the web por 
tion 67 of the adjacent I-beam element of the central 
shaft structure, employing the bolts 66 with the flange 
element 65 of the tie bar member 60 to secure the 
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flange element 65 to the web 67 in the manner illus 
trated in FIG. 17; second, by engaging its downwardly 
extending bar element 52 in the top end of the tubular 
member 51 of one subjacent previously installed as 
sembly and securing the member 52 in said top end by 
means of bolts 57, as shown in FIG. 17; and third, by 
telescopically engaging the lower end of its tubular 
member 51 over the upwardly directed bar element 53 
of the next adjacent previously installed sub-assembly 
and fastening said lower end to the upwardly extending 
bar member 53 by means of bolts 57, as is also clearly 
shown in FIG. 17. Thus, in beginning the erection of 
the tower, respective sets of tubular members 29 and 
31 are suitably anchored to the base slab 28, the tubu 
lar members being of length sufficient to extend up to 
the fourth level shown in FIG. 3, the members being 
connected together by the interior framework previ 
ously described and illustrated in FIGS. 7, 8 and 9, de 
tails of which are also shown in FIGS. 2 to 16. From 
this point, the remaining construction may be per 
formed by employing the above-described sub 
assemblies 70. At the uppermost level, namely, that 
shown at No. 19 in FIG. 3, preassembled top members 
71 (see FIG. 4) may be employed having downwardly 
divergent elements 72, 73 suitably designed to interfit 
with the subjacent installed assemblies 70. The top as 
semblies 71 are provided with the inwardly directed ra 
dial tie bar elements 60 like those employed with the 
previously described sub-assemblies 70. 
As shown in FIGS. 4 and 5, in a typical embodiment 

of a tower constructed in accordance with the present 
invention, the top elements 72 and 73 converge at an 
angle of 14, and the angle of convergency between the 
bar elements 52 and main body portions 51 of the sub 
assemblies below increases downwardly to a maximum 
of 30° at the waist portion of the tower, the angle of 
convergency then decreasing downwardly below said 
waist portion, the lowermost convergency angle shown, 
namely, that at the level No. 4 being 6. Similarly, the 
angles between the radial tie bar members 60 and the 
planes of the other elements of the sub-assemblies vary. 
For example, at the top sub-assemblies 7A, the bottom 
angle between the tie bar element 60 and the plane of 
the members 72, 73 is 76. This angle increases down 
wardly with the other sub-assemblies until it reaches a 
maximum of 90° at the waist portion of the tower struc 
ture, after which the top angle decreases so that it be 
comes 78 at the lowermost sub-assembly, namely, the 
sub-assembly at the level No. 4. 
Design factors such as those above mentioned may 

be readily calculated prior to the erection of the tower, 
so that the sub-assemblies can be prepared prior to 
erection and can be then readily installed in the field. 

It will be noted that the sub-assemblies 7 are gener. 
ally similar in design except that those employed to 
align with the linear elements 29 will have their radial 
tie rod element 60 reversed in direction with respect to 
the sub-assembly elements employed to align with the 
linear elements 3i. In other words, as shown in FIG. 7, 
comparing the two adjacent sub-assemblies 70 shown 
therein, the lower sub-assembly 70 has its bar element 
53 extending upwardly in a direction to be received in 
the lower end of the main segment 5 of the upwardly 
adjacent sub-assembly 70, extending in the direction of 
the linear members 3 of the structure, whereas the up 
wardly extending bar element 53 of the upper assembly 
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8 
70 extends in a direction aligned with the direction of 
the other structure-defining linear elements 29. 

It will be apparent to those skilled in the art that a va 
riety of alternative means of fabricating the necessary 
connection details are available, the choice being a 
matter of engineering and construction economics ap 
plied to the intended materials of construction and in 
tended erection conditions. The hyperbolic elements 
may be butt spliced along their lengths and connected 
at their intersections by bolting, welding, riveting, be 
screw connections or by being glued, depending on the 
materials employed. The intersection connection ele 
ments may comprise hub castings, preformed molding, 
weldments, or may comprise rectangular or circular 
flat gusset or splice plates to which the intersecting 
members are attached by any of the connection meth 
ods mentioned. 

In the detailed specific embodiment illustrated in the 
drawings and described above, the hyperbolic elements 
5 are fabricated from steel pipe in pieces substantially 
equal to the length of two consecutive segments with an 
intersection point near its center, at which the associ 
ated radial brace element 60 is attached. Each succes 
sive level may be erected by connections to the bar ele 
ments 53 of the level below, permitting each sub 
assembly including a member 5 and its radial brace 
element 60 to have three point of support as it is in 
stailed, thereby eliminating the need for secondary sup 
porting means during erection before the connections 
are finally made. Each successive erection level takes 
the form of an overlapping lattice similar to that of a 
iannella arch roof in timber construction. 
While a specific embodiment of an improved hyper 

boloidal tower structure and a method of erecting same 
have been disclosed in the foregoing description, it will 
be understood that various modifications within the 
spirit of the invention may occur to those skilled in the 
art. Therefore, it is intended that no limitations be 
placed on the invention except as defined by the scope 
of the appended claims. 
What is claimed is: 

. A tower structure comprising: 
a. the base; 
b. two sets of oppositely inciined intersecting circu 

larly arranged linear structural elements on said 
base extending upwardly therefrom to define aver 
tical hyperboloid of revolution of one sheet; 

c. central vertical shaft means within said hyperbo 
ioid of revolution; 

d. brace means interconnecting said linear elements 
to resist buckling thereof including radial horizon 
tal tie rod members connecting intersections of 
said inear members to said central vertical shaft 
means; 
said finear structural elements being defined by 
successively connected segments, said segments 
having aligned bar elements projecting from the in 
termediate portions of said segments on opposite 
sides thereof oriented to interlock with adjacent 
oppositely inclined segments and defining intersec 
tions on the linear structural elements therebe 
tween, 

f. means fastening said bar elements to said adjacent 
segments, and m 

g. means connecting said radial horizontal tie rod 
members to said intersections. 
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2. The tower structure of claim 1, and wherein said 
brace means includes rigid horizontal members con 
nected to the linear elements at a plurality of vertically 
spaced levels on the structure. 

3. The tower structure of claim 1, and wherein said 
brace means includes substantially rigid horizontal cir 
cular ring members connected to the linear elements. 

4. The tower structure of claim 1, and at least one 

5 

horizontal deck structure secured to the top end por 
tions of said linear structural elements. 

5. The tower structure of claim 1, and flange means 
on the free ends of the tie rod members for connecting 
said free ends to said central vertical shaft means. 

6. The tower structure of claim 1, and wherein said 
segments comprise main tubular body members, said 
bar elements projecting from opposite sides of the in 
termediate portions of said tubular body members and 
being receivable in the ends of the main tubular body 
members of said adjacent oppositely inclined segments. 

7. The tower structure of claim 6, and wherein said 
tie rod members comprise tubular elements provided at 
their outer ends with bolt-receiving washer means se 
cured therein, and said means connecting said tie rod 
members to said intersections comprises bolts extend 
ing through the intermediate portions of the main tubu 
lar body members and lockingly engaged with said 
washer means. 

8. The tower structure of claim 7, and wherein the 
intermediate portions of the main tubular body mem 
bers are provided with tubular guide sleeves rigidly se 
cured therethrough for receiving said bolts. 

9. A tower structure comprising: 
a. a base; 
b. two sets of oppositely inclined intersecting circu 

larly arranged linear structural elements on said 
base extending upwardly therefrom to define a ver 
tical hyperboloid of revolution of one sheet; 

c. central vertical shaft means within said hyperbo 
loid of revolution; 

d. brace means interconnecting said linear elements 
to resist buckling thereof including radial horizon 
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10 
tal tie rod members connecting intersections of 
said linear members to said central vertical shaft 
means, 

e. the top ends of the respective sets of linear struc 
tural elements converging and being connected to 
gether at their top intersections; and 

f. a deck structure peripherally secured to said top 
intersections. 

10. The tower structure of claim 9, and wherein the 
bottom ends of the respective sets of linear structural 
elements converge at said base. 

11. The tower structure of claim 9, and wherein said 
base includes upstanding bottom segments of said op 
positely inclined linear structural elements. 

12. The tower structure of claim 11, and rigid bottom 
brace means connecting said bottom segments to said 
central vertical shaft means. 

13. A tower structure comprising: 
a. a base; 
b. two sets of oppositely inclined intersecting circu 

larly arranged linear structural elements on said 
base extending upwardly therefrom to define a ver 
tical hyperboloid of revolution of one sheet; 

c. central vertical shaft means within said hyperbo 
loid of revolution; 

d. brace means interconnecting said linear elements 
to resist buckling thereof, including radial brace 
members connected between said central vertical 
shaft means and said linear elements, said brace 
members having triangular end loop portions. the 
linear elements being connected to outer corner 
portions of said triangular end loop portions. 

14. The tower structure of claim 13, and wherein the 
linear structural elements are defined by successively 
connected segments. 

15. The tower structure of claim 14, wherein said 
segments have projections extending from their inter 
mediate portions jointed to interlock with adjacent op 
positely inclined segments. 
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