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My invention resides in a wood frame for enclosing 
Space and more particularly in a plurality of wooden 
triangles which are assembled together to constitute the 
frame and in the construction of the individual wood triangles. 
An important object of my invention is to provide a 

shelter comprising a wooden frame which can quickly 
and easily be mounted and demounted so that the shelter 
frame may be moved from place to place as required 
or desired. 
Another very important object of my invention is to 

provide a shelter comprised inct only of a wooden frame 
but also having an outside covering of plywood and in 
this connection it is a further and specific object of the 
invention to provide a structure which makes the most 
efficient and economical use of the plywood commercially 
available today. 

Another important object of the invention is to provide 
a shelter comprised of a frame so designed that one 
or more door openings can be included with a mini 
mum of difficulty and without materially lessening the 
strength of the frame structure. 
A further object of this invention is to provide a 

frame for enclosing space in which the basic frame mem 
bers correspond to or lie along the chords of great circle 
arcs so as to define a geodesic dome and to this end it is 
a specific object of my invention to improve upon the 
basic disclosures contained in Richard Buckminster Full 
er's Patent No. 2,682,235 which issued June 29, 1954, 
and is entitled "Building Construction.' 
A further object of tiny invention is to provide a frame 

work for enclosing space which, although made of wood, 
is extremely light and strong while lending itself to quick 
and easy assembly and at the same time being economi 
cal to manufacture and construct. 
These and other objects of my invention will appear 

during the course of the following description and with 
reference to the accompanying drawings, in which draw 
ings like numerals are employed to designate like parts 
throughout and which drawings will be described shortly. 

In the description to follow certain terms will be em 
ployed in the same sense as set forth in the Fuller Pat 
ent 2,682,235. Thus the term "geodesic' means of or 
pertaining to great circles of a sphere, cr of arcs of such 
circles, or their chords; "spherical” means having the 
form of a sphere, including bodies having the form of a 
portion of a sphere and polygonal bodies whose sides 
are so numerous that they appear to be substantially 
spherical; and "icosahedron” means a polyhedron of 
twenty faces. 

I have found that by using the basic teachings of the 
Fuller patent hereinbefore referred to and by amplifying 
and improving on them as hereinafter taught by me, a 
dome-shaped framework may be obtained which will 
achieve all of the objects set forth above and others which 
will become apparent as the description proceeds. 

in the drawings, 
FIGURE 1 is a diagrammatic perspective view of an 

icosahedron. 
FIGURE 2 is a diagrammatic perspective view of a 

polyhedron of eighty faces derived from the icosahedron 
of FIGURE 1 by dividing each of the triangular planes 
of the icosahedron into four other triangular planes in 
a manner to be described later. 
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FIGURE 3 is a diagrammatic illustration of the man 

ner in which one of the twenty triangular faces of the 
icosahedron of FIGURE 1 is divided into four triangular 
faces found among those of the eighty face polyhedron 
of FIGURE 2, 
FIGURE 4 is an enlarged view of the eighty face 

polyhedron of FIGURE 2, this polyhedron having been 
rotated to a somewhat different position in FIGURE 4. 
FIGURE 5 is a diagrammatic front view of the basic 

dome of my invention, which dome is derived from divid 
ing the eighty face polyhedron of FIGURE 4 by a hemi 
spherical plane as will be described. 
FIGURE 6 is a diagrammatic side view of the dome 

of FIGURE 5. 
FIGURE 7 is a diagrammatic top view of the dome of 

FGURE 5. 
FIGURE 8 is a plan view of the base on which the 

dome of FIGURES5-7 may rest. 
FIGURE 9 is an enlarged fragmentary section taken on 

the line 9-9 of FIGURE 8. 
FIGURE 10 is an enlarged fragmentary section taken 

on the line 0-0 of FGURE 6. 
FIGURE 11 is a bottom plan view of the upper struc 

ture of the dome of FIGURE 10, taken from the line 
E-1 of FIGURE 10. 
FIGURE 12 is a section taken on the line 2-2 of 

FGURE 10. 
FIGURE 13 is a section taken on the line 3-3 of 

FIGURE 10. 
FIGURE 14 is a view similar to FiGURE 13 which 

diagrammatically illustrates a modification of the inven 
tion. 
FIGURE 15 is a front elevation of a shelter dome em 

bodying my invention. 
FIGURE 16 is a perspective view of the shelter dome 

of FGURE 15. 
FIGURE 17 is a section taken on the line 17-17 of 

FIGURE 15. 
FIGURE 18 is a section taken on the line 8-58 of 

FIGURE 15. 
FIGURE 19 is a front view with parts broken away, of 

one of the basic triangular frame members of which my 
sheiter dome is comprised. 
FIGURE 20 is an enlarged fragmentary rear view of 

the upper portion of the member of FIGURE 19. 
FIGURE 21 is a front view, with parts broken away, 

of a pair of triangular frame members each of which cor 
responds to one-half of the triangular frame member of 
FIGURE 19. - 

FIGURE 22 is a diagrammatic illustration of how a 
plywood panel may be cut to furnish a suitable covering 
for the frame members of FIGURES 19, 21, 23, 24 and 
27. 
FIGURE 23 is a front view, with parts broken away, 

of another triangular frame member used in constructing 
the shelter dome of this invention. 
FIGURE 24 is a front view, with parts broken away, 

of a pair of triangular frame members each of which cor 
responds to one-half of the triangular frame member of 
FIGURE 23. 
iFIGURE 25 is a diagrammatic, exploded view illus 

trating the arrangement of parts in my shelter dome 
wherein five triangular frame members have a common 
vertex and illustrating the position of a tension strap which 
may be employed in the shelter dome of my invention. 
FIGURE 26 is a view taken on the line 26-26 of 

FIGURE 5. 
FIGURE 27 is a front view, with parts broken away, 

of a pair of triangular wings which may be employed in 
the shelter dome of my invention to define the door area. 
FIGURE 28 is an end elevation of a No. 1 stock section 

used in the shelter dome of my invention. 
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FIGURE 29 is an end elevation of a No. 2 stock section 
used in the shelter dome of my invention. 
FIGURE 30 is an end elevation of a No. 3 stock section 

used in the shelter dome of my invention. 
FIGURE 31 is an end elevation of a No. 4 stock section 

used in the shelter dome of my invention. 
FIGURE 32 is an end elevation of a No. 5 stock section 

used in the shelter done of Eny invention. 
FIGURE 33 is an end elevation of a No. 6 stock section 

used in the shelter done of ray invention. 
FIGURE 34 is a diagrammatic top plan view of an 

elongated or exploded shelter dome which forms a part 
of my invention. 
FIGURE 35 is a diagrammatic side elevation of the 

doine of FIGURE 34. 
FIGURE 36 is a fragmentary diagrammatic top plan 

view of my exploded shelter dome. 
FIGURE 37 is a side elevation of the shelter done of 

FIGURE 36. 
FIGURE 38 is a plan view of one-half of the additional 

triangle member used to form the elongated or exploded 
shelter dome of FIGURES 36 and 37. 
FIGURE 39 is a plan view of a whole additional tri 

angle employed in the construction of Iny exploded shelter 
dome of FIGURES 36 and 37 and, 
FIGURE 40 is a plan view of a special triangle en 

ployed adjacent the apex of the elongated or exploded 
shelter dome of FIGURES 36 and 37. 

Referring now to FIGURES 1-5 shall describe how 
arrived at the basic shape and design of the shelter 

done of my invention. 
FiGURE 1, which is a diagrammatic perspective view 

of an icosahedron, illustrates a polyhedron in which each 
of the twenty triangular faces is bound by equal lines 
A-A and all of which lines are the chords of great circle 
arcs, in FGURE 3 the triangle A-A-A represents 
one of the twenty equilateral triangles constituting a face 
of the icosahedron of FIGURE 1. It will be understood 
that each of the points A of FIGURE 1 ties in the plane 
of a sphere, the lines joining these points A being straight 
line chords of great circle arcs of this sphere. 

arrived at the eighty-face polyhedron of FIGURES 
2 and 4 as follows. Starting with the icosahedron of 
FiGURE 1 which is made up of twenty equilateral tri 
angular faces A-A-A, I divided each such basic face 
A-A-A into four other triangles by connecting the 
mid-points B. I connect the mid-points B of each side 
A-A of the basic triangle A-A-A and move such mid 
points radially of the icosahedron to the face of the sphere 
in which the points A lie; by radially I mean moving the 
points B on a line from the center of the sphere in which 
the points A lie through the particular mid-point B of the 
chords A-A to the face of the sphere. This having been 
done, the lines AB and BS also represent chords of great 
circle arcs of the sphere originaliy described by the points 
A of the icosahedron of FECURE 1. 
When each of the triangular faces A-A-A of FIG 

URE 1 is divided as explained in connection with FiG 
URE 3 there results a division of such face into four 
Simaller triangular faces three of which are identical isos 
celes triangles and the remainder of which is an equi 
lateral triangle. Each of the three identical isosceles 
triangies is defined by the lines A-8, B-B and B-A 
while the equilateral triangle is defined by the lines con 
necting the points B-B-B. In each of the isosceles 
triangles the two lines A-B are equal and the one line 
B-B is the longest of the three. I have identified the 
isosceles triangles by the numeral i and the equilateral 
triangle by the numeral 2; this division is repeated for 
each of the twenty faces A-A-A of the icosahedron of 
FIGURE 1. 

In FIGURE 4 I have identified by numerais 1 and 2 
each of the various triangles derived by dividing the tri 
angle A-A-A of FiG JRE 1 in the manner taught in 
connection with FIGURE 3 wherein the mid-points B of 
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pied the letters A and B to FIGURE 4 in such a way 
as to illustrate how the division of a triangle of FIGURE 
3 appears in the eighty face polyhedron of FIGURE 4 - 
as obtained by this division. It will be noted that in the 
polyhedron of FIGURE 4 each of the points A occurs at 
a pentagonal vertex, that is, at a point wherein five No. 1 
triangles come together. Similarly each of the points B 
occurs at a hexagonal vertex, that is, wherein six triangles 
come together, four of these being No. 1 triangles and two 
of them being No. 2 triangles. 
An important part of my invention lies in the choosing 

of a hemisphere plane by which I obtain a dome (a hem 
isphere done) in which can conveniently locate one or 
more door openings with a minimum amount of difficulty, 
with little weakening of the frame structure and in the 
most econominical manner. I realized that if I Were to 
pass the hemisphere plane through the line defined by the 
points X-X of FIGURE 4 could divide this polyhedron 
into halves without having to cut through any of the No. 1 
cr No. 2 triangles. This seemed quite desirable until I 
realized that if I did this I would obtain a dome or hem 
isphere in which there would be no side of any of the No. 
1 or No. 2 triangles parallel to the base line X-X through 
which the hemisphere plane was passed. Such an arrange 
ment would make it very difficult to put in a satisfactory 
door although it would give me a basic dome of forty 
triangles ten of which would be whole No. 2 triangles and 
thirty of which would be whole No. 1 triangles. 

discovered that a much better division could be made 
by passing the hemisphere plane through a line which 
may be defined as follows. I start this line on the sur 
face of the polyhedron at any pentagonal vertex, that is, 
at any of the points A. This line is extended perpendicu 
lar to the long side of a No. 1 triangle thereby cutting 
this No. 1 triangle in half. From this point on the long 
side of a No. 1 triangle we extend the line through an 
adjacent No. 2 triangle to a hexagonal vertex B thereby 
cutting this No. 2 triangle in half also. The line is con 
tinued by extending it from the point B at right angles to 
the far side of the other No. 2 triangle located in this 
hexagonal grouping. From this point on the middle of 
this side of a No. 2 triangle the line is extended through 
a No. 1 triangle to a pentagonal vertex A thereby cutting 
this No. 1 triangle in half also. The line is now con 
tinued by following the chord which will be found to be 
in line with the line so far constructed, this chord being a 
short side of a No. 1 triangle and this chord terminating 
at a hexagonal vertex B. The line is continued by follow 
ing another chord which will be found to be in line with 
the line so far constructed, this other chord also constitut 
ing one of the short sides of a No. 1 triangle, this latter 
chord terminating at a pentagonal vertex A. The descrip 
tion as so far given takes the line along which I wish to 
pass the hemisphere plane one-halfway around the poly 
hedron of FIGURE 4. From this latter pentagonal ver 
teX AI continue the line exactly as described in bringing 
the line one-half way around the polyhedron, that is, I 
next extend the line from this latter pentagonal vertex 
A at right angles to the long side of a No. 1 triangle and 
So forth as before until we reach the original starting 
point. The hemsiphere resulting from passing the hemis 
phere plane through this line will have a hexagonal group 
ing at Zenith B consisting of four No. 1 triangles and two 
No. 2 triangles. 

it will be observed that by starting my line at a penta 
goilal Vertex A, I cut through a No. 1 triangle, cut 
through a No. 2 triangle, cut through a No. 2 triangle, cut 
through a No. 1 triangle, pass along the edge of a No. 1 
triangle, pass along the edge of a No. 1 triangle, cut 
through a No. 1 triangle, cut through a No. 2 triangle, 
Cut through a No. 2 triangle, cut through a No. 1 tri 
arigle, pass along the edge of a No. i triangle, and pass 
aieig the edge of another No. 1 triangle to reach my 
starting place. have found that when cut the eighty 

the triangle A-A-A were connected. I have also ap- 75 face polyi edion of FiGURE 4 in this manner not only 
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obtain a hemisphere having the hexagonal grouping at 
zenith as described but also that it is inherent in this 
orientation that there will be two long sides of two No. 1 
triangles which will occur at 180° to each other and 
each of which will be parallel to the base plane of the 
hemisphere. One such line is indicated at 59 in FiGURE 
5. ihis is important. 
The hemisphere obtained by cutting the polyheydron of 

FIGURE 4 in half as described will contain twenty 
eight whole No. i triangles, two No. 1 triangles cut in 
half (i.e. four halves of No. 1 triangles) eight whole 
No. 2 triangles and two No. 2 triangles cut in half (i.e. 
four halves of No. 2 triangles). There will thus be 
forty-four basic sections defining the dome. A shelter 
dome with one door located beneath one of the horizon 
tal lines 50 may be obtained by removing three full tri 
angles, one No. 2 triangle and two No. 1 triangles; this 
is shown in FiGURE 5. Suitable framing elements, as 
will be described later, may be employed to define the 
door as actually used in practice. 

The Triangular Members 
My invention has so far been described in general 

terms and rather diagrammatically in FIGURES 1-4 with 
reference to the points A and B and to the triangles No. 
1 and No. 2 to produce the shelter dome having the 
horizontal line 58 as illustrated in FIGURE 5. An im 
portant feature of my invention lies in that I have dis 
covered that these various triangles may be made from 
side elements of wood arranged to form the sides of the 
triangle as will now be described. 
The triangular panels prefer in the construction of 

the preferred form of the shelter dome of this invention 
are best seen in FiGURES 19-24. Reference to FiG 
URES 28-33 will also be made. 

Referring now to FIGURES 19 and 20 have illus 
trated the preferred embodiment of a No. 1 triangle here 
tofore discussed. This triangle comprises three side ele 
ments of wood, the two equal sides being indicated at 51 
and the longer side at 52. Each of these side elements 5 
and 52 has an end 51a and 52a respectively extending 
to an apex of the triangle and another end Sb and 52b 
respectively abutting the end of an adjacent side element. 
The outer sides of each of the wood side elements 5 
and 52 are cut at an angle to the plane of the triangle 
defined by these members so that when these triangles 
are used as a part of a geodesic structure, that is, in a 
shelter dome of the type diagrammatically illustrated in 
FiGURE 5, the planes of the outer sides of these side 
elements Si and 52 will pass through the center of the 
dome. These beveled outer sides are clearly indicated in 
FIGURE 20 at 5:c. The opposite sides of these mem 
bers 5 are set at the same angle as indicated at 51d in 
FIGURE 19; a similar side for the member 52 is indi. 
cated at 52d. A cross-section through the member 51 
will have the same outline as the end elevation of the 
stock section No. 1 from which the member 5 is con 
structed, see FIGURE 28. A cross-section through the 
member 52 will have the same outline as the end eleva 
tion of the stock section No. 2 from which it is con 
structed, see FIGURE 29. 

In the preferred form of my invention I fix an outside 
covering 53 of plywood to the members 5 and 52. The 
widest standard non-premium commercially available ply 
wood, i.e. the most economical to purchase, comes in 48' 
wide strips. I have made use of this fact in arriving at 
the preferred form of my invention. As stated earlier 
the longest side of the isosceles triangles No. 1 is equal to 
any side of the equilateral triangle No. 2. By holding the 
length of the longside of the triangle No. 1 to 96' I am 
able to make the best use of the non-premium plywood 
commercially available and this is diagrammatically rep 
resented in FIGURE 22. In this figure there is illustrated 
a strip of 48' wide plywood 53. By cutting this strip on 
the diagonal I obtain the sections 53a and 53b. These 
sections may then be applied to the triangle of FIGURE 
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19 by a?fixing them to the members 51 and 52 as indi 
cated. It should be noted that the long side element 52 
is not, in the preferred embodiment of my invention, 96' 
long, rather, it is the total distance from the end of the 
member 5.3a to the end 52a which should measure 96'. 
The surfaces of the members 51 and 52 to which the 

plywood sections are affixed preferably by gluing, are 
cut or shaved so that these sections lie substantially flat 
with very little distortion. This holds true for all the 
triangular members employed in the preferred form of 
my invention. Although these surfaces against which 
the plywood sections lie may deviate slightly from pre 
senting a truly flat surface, the outer sides of the basic tri 
angular members lie in planes which pass exactly through 
the center of the dome, e.g., as described in connection 
with 5c. 

Also, although prefer to use plywood as the outside 
covering material for my basic triangular members, such 
as that described in connection with FIGURE 19, I may 
also employ other materials, e.g., plastics and the like. 

have also found it desirable to employ a brace ele 
ment 54 for the No. 1 triangle of FIGURE 19. In addi 
tion I have found it desirable, when the various triangles 
making up my shelter dome are fastened together, to 
fasten the triangles by bolts which are located as nearly 
as possible to the apices of the adjoining triangles. In 
order that this may be accomplished for all three of the 
apices of each triangle I employ a cross brace 55 which 
extends between two adjacent legs of the triangle near 
one apex. The member 54 extends from this brace 55 
to the third leg of the triangle. In all cases, with respect 
to No. 1 triangles only, the brace 54 will extend at right 
angles from the long side 52 of such No. 1 and isosceles 
triangle. The brace 55, of course, will therefore extend 
between the side elements 51. The primary purpose of 
the brace S4 is to support the edges of the plywood 
covering 53; the main frame sections of the dome are the 
members 5A and 52. 
The plywood sections 53a and 53b are glued to the 

members 59, 52,54 and 55 on the outside of the triangle. 
On the inner side of the triangle, as illustrated in FIG 
URE 20, connect all abutting frame members 51, 52, 
54 and 55 by metal straps having holes which receive nails 
therethrough. These straps are similar for all such con 
nections and are indicated at 56. The cross-section of the 
brace member 54 will have an outline like that shown 
for the end elevation of stock No. 3, see FIGURE 30. 
The brace member 55 is made out of the stock section 
No. 1 of FIGURE 28. It will also be apparent that the 
ends of the brace members 54 and 55 will be beveled to 
coincide with the respective side element or brace element 
which it abuts. 

In FIGURE 21 I have illustrated a pair of halves of a 
No. 1 triangle. The principal structural difference be 
tween one-half of a No. 1 triangle and a whole No. 1 
triangle lies in the elimination of the brace members 54 
and 55 and substituting for them the side element 54a. 
Also the member 52 is cut into a pair of halves 52e. It 
will be apparent that in the preferred embodiment of my 
invention the width of these half No. 1 triangles will be 
48'. It is also to be understood that the plywood sec 
tions 53a and 53b will be glued on one side of the half 
triangles while the metal straps 56 and nails will be 
used on the other side wherever the members 51, 52e and 
54a abut one another. The members 54a, like the brace 
members 54, are constructed from stock section No. 3 
as illustrated in FIGURE 30. 

Considering now FIGURES 23 and 24I have illustrated 
the makeup of the No. 2 triangles and the halves thereof. 
Basically these triangles are much the same as the No. 
1 triangles already described differing only in that all 
three side elements are of the same size and made of the 
same stock section, that is stock section No. 1, see FIG 
URE 28. I have indicated all the side elements of the 
No. 2 triangles at 57 and the main brace member at 58 
with a cross brace 59. As in the case of the No. 1 
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triangles the brace 58 is made of No. 3 stock section 
(FIGURE 30) and the cross brace 59 is made of No. 
1 stock section (FiGURE 28). Again all abutting mem 
bers are beveled for a snug fit. In the No. 1 triangles it 
is necessary that the brace 54 extend at right angles to the 
long side 52. In the No. 2 triangles, since all sides are 
equal, the brace 58 may extend at right angles from the 
midpoint of any of the side elements S7. In constructing 
a shelter dome made up of the No. 1 and No. 2 triangles 
the builder may orient the No. 2 triangles however he 
wishes in order to have the main brace 53 in whatever 
position is desired with respect to the locating of windows, 
vents and the like. There is a definite orientation, how 
ever, of the No. 1 triangles in the assembled dome as will 
be described shortly. 
The half No. 2 triangle is shown in FIGURE 24 and 

is constructed similar to the half No. 1 triangle of FIG 
URE 21. One of the side elements 57 is divided in half 
thus resulting in the members 54a. The member 50 re 
places the braces 58 and 59. 

In the preferred embodiment of my invention the tri 
angles of FIGURES 23 and 24 have sheets of plywood 
glued to one side and metal straps and nails are employed 
to join all abutting members on the side opposite the ply 
wood, all as has been described in connection with FIG 
URES 19, 20 and 21. 

Referring briefly to FIGURES 28, 29 and 30, which 
figures show the stock section out of which the various 
side elements and braces are made as has been mentioned, 
it will be noted that all of these stock sections are cut 
from the standard two-by-four wood members which, as 
is understood in the art, are actually one and five-eighths 
inches by three and five-eighths inches. FIGURES 28, 29 
and 30 illustrate the actual size of the original “two-by 
four" and the actual size of the resulting stock sections 
after the members are cut at the angles indicated. These 
angles are what make it possible for the various triangles 
to be assembled in side by side relationship to form the 
shelter dome as will be described more fully. As indi 
cated before, the angles for the stock sections from which 
the side elements 51, 52 and 57 are made are such that 
planes passing through the outer sides of these side ele 
ments 51, 52 and 57 will pass through the center of the 
dome. 

A Typical Shelter Doine 
In FIGURES 6-14 I have illustrated a done which is 

made from the No. 1 and No. 2 triangles above described 
including also the half triangles. It will be understood 
that these triangles are oriented in the same manner dia 
grammatically illustrated in FIGURES 4 and 5. In this 
dome I have provided a door by eliminating two whole 
No. 1 triangles and one whole No. 2 triangle from the 
left side as viewed in FIGURES 6 and 7. Again note the 
particular member 50 which is the long side of a No. 1 
triangle and which is one of two such sides which will 
occur 180° from each other parallel to the base. In 
FIGURES 6 and 7 I have illustrated abutting side ele 
ments of adjacent triangles in heavy lines and I have ill 
lustrated abutting plywood sections of the individual tri 
angles in light lines. 

In all cases wherein a pentagonal vertex occurs the 
brace members for the No. 1 triangles which make up 
such pentagonal grouping will radiate from the vertex. 
The No. 2 triangles which abut the No. 1 triangles making 
up a pentagonal grouping may be oriented in any way 
desired so as to locate the brace for a desired window or 
vent position. In the figures I have shown windows at 61 
and vents at 62. 
The triangles are asserinbled by bolting abutting side 

elements of such triangles at three places. It is desired 
to locate bolts at each end of the side elements as close 
to the apex of the individual triangle as possible. The 
third bolt will be located at approximately the center of 
the side elements. The individual triangles and half tri 
angles may be prefabricated in a factory and the bolt 
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holes, which appear in doited lines in FIGURES 19, 21, 
23 and 24, may be provided at that time. 

Earlier described the individual triangles as having 
side elements with an end extending to an apex of the 
triangle and another end abutting the end of an adjacent 
ide element. In the preferred form of my invention 
this arrangement is important. It enables what term a 
turbining effect at the pentagonal and hexagonal group 
ings of the triangles and this is best illustrated in FiC 
URES 11 and 25. That end of each side element of 
each triangle which extends to the apex of its triangle 
abuts all other similar ends of the side elements so that 
they meet in the center of the grouping. In the arrange 
ment illustrated in FIGURE 11, the left hand side element 
of each triangle as viewed in that figure extends to the 
center of the hexagonal grouping. This enables me to 
provide a very strong building framework. The particu 
lar hexagonal grouping illustrated is that which occurs 
at the Zenith of the dome, see also FIGURE 10. 

in the exploded view of FIGURE 25, which shows a 
pentagonal grouping, it will be understood that all of 
the triangles are No. 1 triangles and that all of the side 
elements illustrated are the short sides 51. Again, the 
left hand side element of each of the triangles as viewed 
in Fig URE 25 extends to the center of the pentagonal 
grouping to produce the turbining effect I have men 
tioned. FIGURE 25 also illustrates another of the con 
struction features provide in the preferred form of my 
invention. Thus it will be noted that I utilize a tension 
scrap 63 which is nailed between the triangles in order 
to strengthen the pentagonal joint, see also FiGURE 26. 
I prefer to make the tension strap 63 as straight as pos 
sible and I afix it to the two triangles in the pentagonal 
grouping which make this possible. It will be under 
stood that I also prefer to employ a tension strap 63 at 
the hexagonal joint and this can be a Substantially straight 
Sirap. 

in FIGURES 8, 9, 12, 13 and 14. I have illustrated in 
greater detail how the shelter dome may be constructed. 
In FiGURES 8 and 9 I have shown a concrete slab 64 to 
which have been bolted a plurality of standard two-by 
four wood members on which the lowermost of the indi 
vidual triangies and half triangles may be mounted. 
These two-by-four base members arc indicated at 65. 
The members 65 will vary in length according to the par 
ticular side element of the No. 1 or No. 2 triangle which 
will rest thereon. 

In FIGURE 12 have shown a side element 52e of a 
half No. 1 triangle boited to the base member 65. 
FIGURE 12 also illustrates a construction feature 

wherein i have utilized a side strip 66 for the base men 
ber 65 which abuts the plywood 53 to give a smooth ex 
terior. The joint between the plywood 53 and strip 66 
is preferably covered by a strip of aluminum tape which 
is easily applied on the job and which may be pulled off 
if the done is to be demounted. 
FIGURE i3 illustrates another feature of construction 

which may be employed. When the individual triangles 
and half triangles are bolted together in assembling the 
shelter dome there will be a slight gap where the plywood 
Sections of adjacent triangles come together. This may 
be filed by a suitable cauiking as indicated at 68. If 
desired a strip of aluminum tape 67 may be placed over 
this joint. in some instances the aluminum strip may be 
placed over the joint without any caulking therebeneath 
and this is illustrated in FIGURE 14. The aluminus 
tape 67 is available on the market and ends itself to my 
shelter dome construction very nicely. 

In FIGURE 14 have illustrated another feature of 
my invention. By making the individual triangles of the 
side elements formed from "two-by-fours' end up with 
a structure to which an inner skin 69 may easily be ap 
plied. Between this skin 69 and the outer cover material, 
which I have indicated is preferred to be plywood, suitable 
insulation 78 may be placed. This is a very important 
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feature of my invention and stems from my conception 
that good shelter domes may be made from triangular 
members constructed from wood "two-by-fours' cut as 
herein explained. This practical double skin possibility 
in dome construction is believed unique with me. 

The Door 

Earlier I have indicated that one of the important fea 
tures of my invention resides in the determination of how 
to provide a dome which will present at least one of the 
basic side elements parallel to the base and Sufficiently 
removed therefrom to enable a door to be placed in the 
structure with a minimum of difficulty. I have indicated 
how this is done and have indicated the particular side 
element at 50. To arrive at the door itselfi remove two 
whole No. 1 triangles and one whole No. 2 triangle and 
substitute for them two wings 7; and the door structure 
generally indicated at 75, see FIGURES is and 16. The 
wings 7 are shown in iFIGURE 27 and are triangles made 
of the side elements i2, 73 and 74 covered by plywood 
S3. it will again be understood that metal Siraps and 
nails are used on the side opposite the plywood wherever 
side elements abut one another. These triangular wings 
i? are so constructed that when they abut the No. 1 tri 
angies to which they are fastened the Wings will turn in 
towards the center of the dome and terminate in a ver 
tical plane passing through the upper horizontal door 
member 56. In order to accomplish this I construct the 
side element 72 from stock section No. 4 (see FIGURE 
31) which is cut from a piece of two by Six'' (one and 
five-eighths inches by five and one-half inches). Side ele 
ment 3 is formed from stock section No. 6 (see FIGURE 
33) and side element 74 is cut from stock section No. 5 
(see FIGURE 32). i have selected those dimensions and 
angles, as illustrated in FIGURES 31, 32 and 33, which 
enable the wings to abut fiush against the triangles to 
which they are bolted and so that they will terminate in 
the plane of a vertically located door. These side ele 
ments or wings may be varied to accommodate doors of 
different type and size. 
The door structure itself may be of conventional struc 

ture. In FIGURES 15-18 I have shown an overhead 
garage door 75. It will be understood that other types 
of doors may be used. It will be further understood that 
the area taken up by the particular door 75 illustrated 
could easily be frained so as to present a regular door for 
humans rather than the large vehicle door shown. The 
important feature is that of having arranged the structural 
triangles in such a way as to obtain the horizontal member 
50 which makes the provision of a door in the simple 
manner illustrated possible. 

in FiGURES 15 and 16 have illustrated another 
important feature of my invention. The great circle arc 
in which the element 56 lies as a chord terminates at the 
base at two points 180 removed from one another, each 
point being one quarter away around the done from the 
center of the door. utilize this great circle arc to pro 
vide a rain gutter or the like 76 which takes water striking 
the dome away from the door area. Also prefer to en 
ploy an overhang 77 and side flashing 73 about the door 
and wings respectively. 

A Modification-The Expanded or Elongated 
Shelter Doine 

In FIGURES 34 through 40 I have illustrated a modi 
fication of my invention. This modified shelter dome is 
diagrammatically illustrated in FIGURES 34 and 35 and 
in somewhat greater detail in FIGURES 36 and 37. I 
have discovered that if I take the shelter dome of FIG 
URE 7, for example, and cut it in half, I may then insert 
additional trianguiar members between the two halves 
thus giving me an expanded or elongated shelter dome of 
greatly increased area with a minimum of cost while re 
taining the rigidity and strength of the dome. 
The dome represented in FGURES 34 and 35 may be 
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thought of as that resulting from dividing the shelter 
dome of FIGURE 7 along the line M-M and inserting 
a double row of additional triangles 80, including half 
triangles 89, therebetween. It will be understood that 
there may be any even number of rows of such triangles 
80 inserted between the domes resulting from cutting that 
of FiGURE 7 in half, thus instead of the two rows indi 
cated there may be four, six, eight and so forth. 

If I were to cut the shelter dome of FIGURE 7 on the 
line M-M and separate it by a double row of triangles 
80 I would get an elongated dome in which the door 
member 50 were to the front and the door member 50 
to the rear. For purposes of symmetry I prefer that the 
door members 5 and 56' be to the same side. Accord 
ingly, in actual practice I treat the division of the shelter 
dome of FiGURE 7 as having been accomplished along 
the line M-M to provide the left-hand part of the shelter 
dome of FIGURE 34 and as also having been divided 
along the line M'-M' to provide the right hand dorne 
structure of FIGURE 34. In this manner I am able to 
get both of the door members 50 and 53' to the same 
side of the elongated dome. Such a division of the shelter 
dome of FIGURE 7 is easy to make since the lines M-M 
and M-M' define halves of this shelter dome which are 
identical. 

Referring now to FIGURE 39 I have illustrated a tri 
angle 80 as comprised of the side member 8, equal side 
members 82, brace 83 and cross-brace 84. It will again 
be understood that in the preferred form of Iny inven 
tion this triangular member 3G is covered by plywood 
sections on one side while the abutting side elements and 
braces are connected by straps and nails at the joints on 
the side opposite the plywood skin. in the preferred 
form of this modification of my invention the width of the 
triangle along that side wherein is the side element 8i is 
eight feet iong so that this triangle will coincide with the 
longside of the No. 1 triangles and any side of the No. 2 
triangles of, for example, the shelter dome of FIGURE 
7. The equal sides 82 of the triangles 80 may be of any 
length within practical limitations. in the preferred form 
of the invention, however, I prefer that these sides be of 
such length as to define a triangle 80 having an altitude 
of eight feet so that I am able to take the best advantage 
of the most popular, and most economical, form in which 
standard plywood sheet is available on the market, name 
ly, a sheet four feet wide and eight feet long. 

in FIGURE 38 have shown one-half of a triangle 86 
and have indicated that it has side elements 3ia and 82 
and also a side element 83a responding to what was the 
brace element 83 of the whole triangle 88. This half 
triangle will also be covered by plywood glued to one side 
and the side elements will be connected by metal straps 
and nails on the opposite side. 

In constructing the expanded or elongated done of 
FIGURES 34 and 35 by cutting the shelter dome of 
FIGURE 7 in half and by inserting a double row of the 
triangles 89 I obtain a structure in which adjacent triangles 
80, wherever they abut along their side elements 81, will 
produce a structure which is slightly concave with the side 
elements 8 at the deepest portion. This produces a 
structure which is quite strong but one which is not de 
sired at the apex of the building for such a depression 
would make the accumulation of water and snow too 
probable. Accordingly, while may employ at least the 
side elements 81 and 82 of the triangles 80 which occur 
at the apex for the sake of strength, in the preferred form 
of my elongated shelter dome will build up this apex 
four triangular members 85. As best seen in FIGURE 
40 these triangular members 85 have side elements 86, 
87 and 88. These triangles also have plywood glued to 
one side thereof with the abutting side elements joined 
by metal straps and nails on the opposite side. In FG 
URE 35 i have illustrated the normal position of the 
triangles 89 appearing at the apex of the dome in dotted 
lines while showing also in solid lines the triangles 85 



which employ to define the actual exterior and eliminate 
the concavity which would otherwise appear at such apex. 

In FiGURES 36 and 37 i have shown in somewhat 
more detail, although still rather diagrammaticaily, the 
modified expanded shelter done of this invention. In 
this expanded shelter doine have illustrated the doors 
made possible by the members 5) and 50' at 75a, show 
ing also the framing members 77a and 78a. 
Since the side elements 83 of the triangular members 

88 must coincide with either the long sides of the No. 1 
triangles or any of the side elements of the No. 2 triangles, 
and since I have divided the shelter dome of FiGURE 7 
along the lines M-M and M'-M', obtain an elongated 
dome in which a pair of the triangular members 80 have 
their side elements 8i abut one another and extend verti 
cally from the base. This gives me an elongated dome 
with the height of these particular abutting side elements. 
being substantially eight feet. This enables Ine to frame 
in a door in the center of the building of the same height 
as the doors 7Sa which is approximately six and one-half 
feet. Such a door is illustrated at 89 in the drawings. 

Although they have not been shown in all of the FIG 
URES 34-37, it will be understood that the whole tri 
angular members 80 will inciude also the braces 83 and 
84. It is to be understood that the side eiements of the 
various triangular members 39 will be cut at angles to 
enable them to abut flush with the side elements of either 
the No. 1 or No. 2 triangies. The side elements of these 
triangles 83 will also be cut at angles to enable adjacent 
elements of the triangular members 89 to abut one an 
other in similar fashion. This, of course, is also true for 
the half triangles 80 and the special triangles 85. 

Summary 
Although it is believed that I have described my inven 

tion in considerable detail the following points may be 
emphasized. I have provided a shelter dome which may 
be constructed from triangles having wood side elements 
and a plywood covering, which dome is of sturdy con 
struction and which may be quickly and easily assembled 
at the desired location for it. The individual triangles 
and half triangles may be prefabricated and all of these 
triangles assembled simply by bolting them together in 
situ. The joints between abutting triangles may be cov 
ered by a strip of adhesive backed aluminum tape or, if 
desired, caulking may be applied and then the tape. Other 
materials for covering the various joints may be used to 
make the dome waterproof. The two plywood pieces 
which cover the individual full triangles may also have a 
strip of aluminum tape or other material applied over 
their joint to make them waterproof and this may be 
done at the factory. By holding the maximum width of 
the triangles to 96' I am able to provide a shelter dome 
having a diameter of 26 feet and one in which the most 
efficient use may be made of the standard size sheets of 
non-premium plywood presently commercially available. 
The side elements for the various whole triangles and half 
triangles may be constructed from “two-by-four' wood 
material cut at various angles so that the abutting triangles 
will shape up the dome and have the adjacent side ele 
linents of abutting triangles flush with one another. By 
selecting the particular whole triangies and half triangles 
herein illustrated, and maintaining the No. 2 equilateral 
triangles to the width of 96', and the widest part of the 
No. 1 triangles to a width of 96', obtain two possible 
door openings wherein the two long sides 58 of a pair 
of opposite No. 1 triangles are horizontally disposed at 
approximately six and one-half feet from the base. By 
locating the great circle arc which includes the member 
59 also obtain a good basis for applying the rain shed 
or gutter described. 
The individual triangles made up of the side eiements 

and including also the bracing for the plywood, when 
covered by the plywood glued to one side and abutting 
elements joined by metal straps and nails applied oil the 
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opposite side of the piywood, are quite sturdy structural 
met inters. By boiting adjacent individual triangles to 
one another as close to the apex of each triangle as pos 
sible, and including also a third bolt at approximately 
the center of adjacent side elements, obtain an extremely 
Strong dome. It will be observed that I have utilized 
the teachings of the Fulier Patent 2,682,235 in that the 
side elements of the main structural triangles lie along 
the chords of great circle arcs. The specific construc 
tion of the triangular members and the manner of group 
ing then to form the dome illustrated is my own inven 
tion. - 

it is also possible that dones of other sizes may be 
constructed from triangles similar in size to those I have 
described herein and it will be understood that my in 
ventios. eIbraces such mcdifications, the use of different 
lumbers of triangles requiring only changes in the angu 
larity of the side elements which, as pointed out herein, 
is determined by considering the plane of the sides of 
such side elements as passing through the center of the 
dofile, and ninor changes in the lengths of the side ele 
Tacnis. Specifically have determined that a dome of 
twenty-two feet diameter may be constructed of triangu 
lar inelibers ail of which are identical isoceles triangles 
and this i refer to as a two frequency triacon to dis 
tinguisia it from that illustrated throughout the drawings 
which is a two frequency alternate. In addition I have 
leternlined that a four frequency (truncated) division 
of the icosahedron will produce a dome of forty-nine feet 
diameter and tihat in this dome I may leave off the bottom 
row of triangies to form a three-eighths dome or I may 
add another row of triangles to for in a five-eighths 
dome. . All of these domes are capable of being built 
by triangles constructed according to the invention herein 
iliustrated. in the various domes mentioned I have again 
inited the widest triangular member to eight feet. 

Aiso, i have shown how the basic shelter dome of 
iny invention may be elongated by cutting it in half 
and inserting between the halves double rows of addi 
tional triangles which will conform. on one side to the 
long side of the No. 1 triangles and to any of the sides 
Of the No. 2 triangles of the basic dome illustrated. 
The modification which results in this elongated done 
enables rae to provide a structure which may be adapted 
to various lots and in which the square feet of area en 
closed is greatly increased by the addition of a reia 
tively few triangular members. The elongated dome of 
FIGURES 36 and 37, for example, encloses almost twice 
as much base area as does the shelter dome of FIG 
URE 7. 
The use of wood “two-by-fours' in making the basic 

triangular members of which my geodesic dome-like 
Structures are constructed, makes it possible for an inner 
skin to be applied with a minimum of difficulty; insula 
tion material may be included between the outer and in 
ner skins. The ease with which these features may be 
achieved in my structures contributes to the uniqueness 
of my invention. 

it will be understood that further modifications may 
be made in my invention without departing from its 
Scope and spirit and although have iliustrated my in 
vention as embodied in certain particular constructions 
I do not intend to be limited to these particular construc 
tions except insofar as they are specifically set forth in 
the subjoined claims. 
Having thus described my invention what I claim as 

new and what I desire to protect by United States Letters 
Pateiat is: 

1. A cluster of triangular panels for use in a geodesic 
dome-like structure constituted by a plurality of triangu 
lar plaine Surfaces, each said triangular panel being com 
posed of three frame elements of wood forming the sides 
of a triangle, each frame element having an cid ex 
tending to and forgining an apex of the triangle and an 



3,114,176 
13 

other end abutting the inside edge of an adjacent frame 
element which extends to and forms an apex of the tri 
angle; a first brace member of wood disposed on a line 
extending from the mid-point of one side to the opposite 
apex, said brace member terminating short of said apex 
and secured to a second brace member of wood perpen 
dicular to said first brace member; and a covering of 
plywood secured to one side of said triangle of frame 
elements; the outside edges of said frame elements being 
beveled at angles such that when said panel forms part 
of a geodesic dome, planes containing said beveled edges 
pass approximately through the center of said domelike 
structure; and said cluster of panels comprises a plu 
rality of said triangular panels, the apices of said panels 
meeting at a point, said individual panels being disposed 
in the cluster in the same sense as are the apex forming 
frare elements and their respective abutting frame ele 
ments in the individual panels, whereby to provide a 
pinwheel-like arrangement about said point. 

2. The structure of claim 1 wherein the said point at 
which the apices of said panels meet is reinforced by a 
teiision strap passing through said point and secured 
between and to a pair of abutting frame elements on 
each side of said point. 

3. he structure of claim 2 wherein said cluster con 
sists of six panelis and said tension strap is a straight 
strap disposed with three panels on each side thereof. 

4. The structure of claim 2 wherein said cluster con 
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14 
sists of five panels and said tension strap has a dihedral 
angle and is disposed with three panels on one side and 
two panels on the other side thereof. 
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