
Patented JUDf,; 29, 19:14

Z,68%,135

BUn.DING CONSTRUCTION
Richard BuckmiDBter Fuller, Forst BD18. N. Y.

AppIlcatloD December 12, 1951, Serial No. 261,168

IS Claiml. ( Cl. 108-1 )
1 2

My invent.1on relates to a framework for en- Spherical icosahedron.-An icoaahedron "ex-
closing space. ploded" onto the surface of a sphere; bears the

SUMMARY same relatlon to an lcoaahedron as a spherical
A good index to the performance of any bu11d- triangle bears to a plane trlangle; the sides of

ing frame is the structural weight required to 5 the faces of the spherical icosahedron are all
shelter a square foot of Door from the weather. geodeslc lines.
In conventional wall and roof designs the figure Icosacap.-F1ve spherlcal triangles of a spheri-
18 often 60 lba. to the sq. ft. I have discovered cal l~osahedrOn, having ~ common vertex.
how to do the job at around 0.78 lb. per SQ. ft. .Grtd.-A pattern of Intersecting melJlbers,
by constructing a f,rame of generally spherical 10 lines o~ axes; uauaDy intersecting great circles
form in which the main structural elements are forming patterns made up of equilateral tri-
interconnected in a geodeslc pattern of approxl- angles, diamonds or hexagons.
mate grat circle arcs intersectlna to form a EquiZateraZ.-Baving all the sides approxi-
three-waY Ir1d. and covering or lining th18 frame mately equal. The extent of varlatlon in length
with a skin of pla8tic material. 15 of sides is determined trigonometrlcally or em-

My "thr.-way gdd" of structural members pirlcaDy by constructing three-way Ir1da on the
reaul~ In subatantlally uniform stre88lng of all modularly-dlvided edaes of the faces of a spheri-
members, and the framework itself acts almost as cal icosahedron.
alDMnbrane In ab80rblng and d18tributing loads ModuZarZ'V dfvided.-Divided into modul., or
'1be ~.L~t structure is a spidery framework 20 units. of subStantially equal length. .
of many 1J8ht piecea, such &8 aluminum rods, Framework.-The frame of a structure for en-
tubea, sbeeta. or extruded I8CtiOn8, which 80 com- closing space; may be skeletal, &8 when made of
plement ooe another in the particular pattern of interconnected struts: or continuous, &8 when
the ~~ a8eDlbly &8 to give an extremely made of interlock1n8 or Interconnected sheets
favorabJe weiCht-strength ratlo, and withstand 25 or plates.
hi8h streuea. Par example, the "8C270 Weather- The meanings of these and other terms u88d
~.. OODItructed in ~rdance with my Inven- in describing the invention Will be more fully
uon Will 81Pport 7 1b8. with ~h ounce of atruc- comprehended when considered with reference
ture aDd is ab1e to wltb8taDd wind veloc1ties up to the accomp&D11n8 drawinrl and dla8taID8 and
to 150 mJ1. per hour .It ia a dome U ft.1n dlam- 30 the exp1aDation thereof.
eter , ~elO81q 20.815 cu. ft. of apace, yet the In i~ 18nera1 arrangement, my bu11dlD8
frame la made of 1J8bt abort struts wbicb pack framework la one of lm1erally spberical form In
Into a bundle 2 n. by 4 n. by & n., ~ only which the longitudinal centerUn. of the main
1000 1b8. ne p1ut1c ~ we18h1 1fO It.., mak- ~tructural elements lie subetant1al1y in great clr-
108 tbe total w.bt of thla "weatberbr8t" a 35 cle planes whOle Interaectiona with a common
mere 11fO 1b8. sphere form Ir1ds comprlslnl lubetant.1ally equ1-

lateral spherical tr1aDIlM. The vtstble pattern
Defl.nftton. 01 term6 formed by the atructural elements themlelvea

'11ie buic and fundammtal character of the does not necellarUY abow irida of equUateral
inventive concept herein d18elO8ed mat. it de- 40 trianale8, for the viaible grids may be equilateral
aIrab1e to ddDe carefullJ ceNln terIDI some of trianal., equ1latera1 dlamonda or equilateral
wbJcb are uIId wttb apecIal connotation, &8 fol- hexaaona, the dlamonda beina made up of two
iowa: .equnateral trlanllM and the bex&lons be1nI

0e0de-~.-Of or perta1n1ng to lre&t c1rcl. of ma\le up of six equilateral tri&nllea. The indl-
a 1I1I8ere, or of ~ of IUcb ctrcl. : &8 a Ieod81c 46 vidual trianllel. diamonda or hex&10na &8 the
UDe, ben. a line wbicb la a areat circle or .re c~ may be. may be made of straight or &t ele-
~; aDd ..al8Odel1c pattern, hence a pat. ments, in which circumstance they deG.ne &t or
tern created by the Inte~ions of areat cit-cle pla.ne figures : or they may be made of arcuate or
111* or arcs, or their cbordl. spherical form to de~ne spherical figures. Either

SpherfcG1.-Bavlnl the form of a sphere: in- 60 way, the complete structure Will be spherical, or
cIu8 bOdies bavlnl the form of a portion of a sub8tantlally 80. And either way. the individual
-..e: also includM PG1J'lOnal bodlea wh~ structural elements are 80 arranged &8 to be

aI'e .DumeroUI that tbey appear to be IUb- aligned with treat circles of a oommon Ipbere.
8tantJa1l7 Ipberlcal. In my prefer!'ed oonstruction, the grlda are

lCC81iodron.-A pOIJ'bedrnn of tW81ty f~. 66 forme<l on l4.e faces of a spherical tcoeabedron.
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Each of the twenty equal SDher1cal equ11ateral ~. 9 is a detai1 sectional v1ew taken on Ule
tr1a.ngles which form th~ '.ta.ces" of this con- lite 9--9 of l"1g, 7.
struction is m.odul&rly divided alone its edges. Fig. 10 18 a diagrammatic plan view 0! a
Lines connect1nl theae modularly divided edges modtfled construction in wh1ch the vertexes of
In a three-way rreat circle arid provIde the out- I the pentagons and adjo1nlng hexugons are offset
line for the plan of construction. 1 have found 111wardly to form an "1nvolutect.' t.russ-like gtruc-
that if the structural members be a111ned with ture. Thi~ view repre~t"I1t... It port'c,1\ I)r the
the lines of the irldl, the resultinl f~amework IrllmewOl'k !:1mlh\I' to t1l1~t :;1,I)WI\ III FII{. 6. How-
will be characterized by more un1fonn strelS1ni cver, tnlltcal1 of IIhow11l~ t.h~ frlLInl.'w(lrk Il.arlt .
of the Indirldua! members than 11 poU1ble w1th 10 the planes ot the equllQtcl'ul t.rll\nAlel\ I\\rmed
any construction herewtore known. The struc- by the strut.s of t.1Ic framcwork are shown ail
tural members may be al1gned with all lines oi though they were triangular panels so as to per.
the three-way grld, or just with selected ones mit shading of the view 1n such ~ way as w
of those lines. If the members are arcuate, or plctorlalize the 1.esult1ng '.dImpled" surfacc.
spherical, they will co1ncide wlth the arid lines; 16 Fig. II Is a diagrammatic Cl.oss-sectlonal view
if they are straliht, or fiat, they will be chorda taken on the lh1e 11-11 of Fig, 10.
of the great circles which are the grid lines. F1g. 12 is a diagrammatic cross-sectional view

A further general aspect of my preferred con. s1m1lar to F1g. 11 showing a further modification
struction which may be noted here 18 that there in which the vertexes of the pentagons and ad-
is a "six-nesa" throughout the pattern of struc- 20 joining hexagons are offset outwardly to form
tural elements on each face of the spherical an "i11voluted" truss-like structure which is the
icosahedron except that at each vertex, where five 1nside-out of the structure ot Fig. 11.
faces join at the center of an icosacap, there 18 Fig. 13 1s a fragmentary plan view of another
a "five-ness." In the case of a skeletal frame~ embodiment of the invention, and Fig. 14 is a
work. made up of struts 1n a pattern ot eQuIlateral 25 transverse sectional view of the same, taken as
triangles, thjs "six-nelS" 1s manifeated by the 1ndlcated at 14-14 in Fig. 13. Pigs. 13a and 13b
tact that there are six such triangles around every are detail perspective views of certa1n component
vertex except at the vertexes of the 1cosacaps parts of the truss illustrated in Figs. 13 and 14.
where the "five-ness" is manifested by the tact Fig. 15 is a diagrammatic plan view Illustrating
that there are only five such triangles around 30 a portion of a framework 1n which the main
those vertexes. Similarly, in the case of a con- structural elements consist of interconnected
tinuous framework made up of diamond-lhaped sheets.
sheets, we find a "ftve-ness" only at the vertexes Fig. 16 is a detail plan view of one of the
of the icosaca~ where five sheets toe in to the sheets used in the framework of Fig. 15 and Fig. 17
one Point. Th18 aspect of five-ness and s1x-nesa 35 18 a detail longitudinal sectional view of such a
w11l be described more in det&U further on, and sheet taken as indicated at 11-11 in Fig. 16.
need be mentioned only In general terms here so Fig. 18 is a further detail view of the Fig. 15
as to lay a touDdation tor the delCrtpt1on of framework showing the manner in which tour
var1OII8 8p«;1fic frameworks bunt accordtna to adjacent sheets are interconnected or 1nterlocked.
the Invention. 40 The framework. constructlon 11lustrated In Pigs.

1 to 9 inclusive is representative of the best mode
DBSCRJPTION devised by me of carrying out my invention par-

ticularly as utillzed in structures up to approxi-
In the drawin88: mately 50 feet In diameter. The struts which
Pig. 1 18 an elevationa1 view of a bulldlng 45 comprise the structural elements of this trame-

framework constructed in accordance with my in- work form a portion of a: spherical Icosahedron
vention and exemp11ty1ng a preferred form 20 whose modularly divided edges 21 are inter-
thereof; and pig. 2is a top plan view of the same connected by three-way great circle grida II.
framework. These Views are neceasar11y some- A spherical lcosahedron has been defined above
what schematic because of the limitations im- 60 as an icosahedron "exploded" onto the surface of
pOSed by the smallness of the scale to which they a sphere. This definition w11l be further ex-
are drawn, makl"-!!. it impossible to show the de- plained by reference to Figs. 3 and 4, Fig. 3 being
tan of indiVidualItruta or of the tastentngs which a d1agrammatic perspective View of an lcosahe-
hold them together. dron, and Fig. 4 a view 0! the same icosahedron

pig. 3 is a djagrammatic perspective view of an 65 exploded or projected onto the surface of a sphere.
icosahedron; and P1I. 4 a view of the same ico- The lcosahedron has twenty equal equilateral tri-
&ahedron after it hu been "exploded" onto the angular faces. The spherical icosahedron has
surface of a sphere. Theee views are included twenty equal equIlateral spherical triangular
w explain the structural bas1l ot the main OUt- "faces." As used here, the term "face" refers
linea of the framework of pigs. 1 and 2. 60 to an imaginary spherical surface bounded by

pig. D is .detail plan View ot a portion ot the the sides or edges of one of the twenty spherical
framework of Pigs. 1 and 2, be1n& that portion trianglea.
which 1mmed1ately surrounds the toP central ver- The edges of each spherical triangle are modu-
tex, 1, e. the central part of the iC08cap seen in larly divIded and are Interconnected by the
Pig. 2. 61 three-way great circle grids 22 prev1oualy men-

Pig. 6 is a vertiCal section on the,l1ne 1-8 of tioned. These grids are formed of a series of
Fig. I. struts each of which constitutes one side of one

1111.. 7 and 8 are detaU views of my pre!erred 0! the substantially equilateral triangles defined
form of strut fastening. Fig.7 is a central vert1- by the lines of the grld. Each strut 23 18 aligned
cal C1'oss-sectional View througn the fastening 70 with a great circle of the sper1cal icosahedron.
with two struts fixed there1n, one of these b~ing Otherwise stated, the longItudinal centerl1ne of
shown in central section and the other in eleva- each strut, or main structural element 21, lies
tion. Pig. 8 is a horizontal &ectional view taken substantially in a great circle plane. In the
as indicated at 8-1 in F'1i. 7, one 01 the struts complete framework, the longitudJnal centerlines
be1n8 shown in elevation. 71 of the main structural elements 13 lie substan-
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t1a1ly In gTeat circle planes whose intenections sheet, that part of Pig. 1 which is bounded by
with a common sphere form lrids II compr1s1Dg Z'A'A', becomes the r1aht-hand portion of the
aubstant1aDy equilateral triangles. reoriented"framework. Note that with this par-

The Dumber of modules into which each edge ticular orientation, the base line A' A' is a leodesic
of the spherical isCOlahedron is divided is larrely a line completely. defined by struts of the frame.
.matter of choice. In the framework of Pjgs. work. This provides a convenient foundation
1, 2, a and 6, the number is 16. Therefore we line and one which lends Itself well to anchor1nr
..y the frequency is 16. But it m1lht be 8 or 4 of the framework to its foundation. In P1Is.
or IOtDe other number. OeneraDy speakin8. the I and 2, however, I have chosen the zenith Z
larrer the structure the greater will be the fre- 10 orientation in order to provide a clear 1llustra-
quency selected In order to keep the sizes of indl- tion in Fig. 2 of a complete icosacap as defined
vidual struts within practicable lim1ts for ease hereinabove.
of manufacture. storage, packing, shipment, One of the characteristics of the cqmpleted
handUng and erection. I prefer to use lilht framework is that It 11 virtuaDy self-locking.
metal pieces for the struts, e, g. aluminum tubes 16 Once properly assembled in the manner d~ribed,
as shown in p'1gs. 7 and 8. One metal alloy it w1ll not come apart except by more or l~ uni-
presently considered most suitable 11 the alumi- form expansion of all its parts. However , be-
num aDoy known generall.v under the designa- cause the framework is somewhat resWent, local-
tion 61BT. A tubular strut size found satisfactory iZed forces acting outwardly against the 1ns1de
for structures 40 ft. in diameter 18 approx1matel)' 20 or the structure may under eertain conditions
4 rt. long by 1 '7j8 ' , outside diameter by 0,032' , tend to expand one portion of tbe framework
wan thickness. In general, I prefer to use struts and produce what might be described as some-
which have a ratio of 24 units in length to I unit thing akin to a blowout in a pneumatic tire. To
in transverse dimension. 1. e. the "slenderness" reajst such forces, and to assist in holding the
ratio is 24 to 1. The frequency or the pattern 26 struts together during erection, it is best that
&8 above defined can be selected with view to the mean for fastening the ends of the struts be
mainta1ning the optimum slenderness ratio: for such as to lock them positively in place, in th1l
each size of framework. respect supplementing the self-Iocking action

The struts 21 may be interconnected by sl1d1ng described above, and giving added stren'lth to
Join~ locked by gravity compresalon aeUD8 30 the framework by reason of the flxed-end con-
throughout the great circle pattern of the frame- struction thus provided.
work ~ a whole, In erecting the framework 1t My preferred forDl of fastenina is shown in
11 best to start by assembUng the struts which Figs. 7-9. It is a ball-like .'fiat" configuration
are to form the very toP of the dome, i. e. at designated generally at 2.. comprla1ng comple-
the center of the icosacap seen in Pig. 2. This 35 mentary parts II and 11. In the speciflc con-
can be done on the ground. Working radjal1y struct1on 1llustrated, 21 is the outer part and I'
outward in all d1r~tions. the dome will begin the inner part. Theee parts are clamped to-
to take form and w1ll gradually be lifted as the gether by means of a bolt 28, a coO 8Pr1ng 18
work proceeds until in the end its rest with its beIng provided to a~ord a certain amount of re-
loW8rmoet 1tnIt.s against the ground or on a suit- 40 sWency In the fasten1na, which 18 partIcularly
able foUD8t1on prepared to receive it. It may useful during erection of the 8tn1cture. As ~
be locked to the foundation by lreat c1re1e bands in ~. 7. outer Part II is in the general form of
or oabI88 preferably extending aloDg the lr8t an Inverted bell. the edge of which 18 turned
circle Unea which deane the edges of the icosa- bae~ on itself to provide a curved flange 28 com-
bedron. U a poured concrete foundation 18 used, plementary to the curved flange of inner part
the lowe~ struts and fastenings. or the ends 45 I' .Am xed to each end of each strut II Is an
of IUch Btrut.s, may be embedded in the founda- attaching member 10 havIng a tubular body por-
tion, in which case the concrete, or portions tion .1, the shouldered end.. of which ~ts w1th-
tbeJ'eof, 18 poured after erection of the frame- in the end of the strut. Attachin, member ,.
work baa been completed. Alternatively, the 60 may be secured to the strut II by means of a rivet,
1o~t stru~ and/or the fasteD1ngs may be pin or bolt II. Each fastening member has an
aDCIM)I'ed to individual concrete foundation ~~ inwardJ.v extendIng lug 12 and an outwardly ex-
or to e,e-bolt.s or other fasten1nga in such POIt8. tendIng lug II. Lug It has a pair of flanges I.
In tb1s arrangement any auitable auxUiary fas- with arcuate edges confOrDlin, to the arc of the
t.ntDp may be used to lock: the framework to&M fO'~~atlo faaten1nga such &8 bolts cables 65 inner surface of inner part I' of the fastener .
~~-!Ck1e ro:a, etc" th1a 'being larrely a' matte; SimIlarly lug 11 has a pair of nangea 18 wh~
of c1IoIce depending uPon the type of coDBtruc- arcuate edges conform to the inner surface of
tq '-t auited for particular purpose ~ange 2. of outer Part II. A pair of BaDges 11

Retel'rlD8 aaaln 1y to ~s. 1 and 2 at the end of fastenIng 10 have arcuate edges eon-
tbe ~ lIne or foundation Une is .ind1cated 60 fom11ng to the outer surface of the beD-Iike por-
-A-.A. In PIs. 1, aDd the components of the tion of outer fastening 21. The arrangement 18
fr88ework are 80 oriented that the midpoJDt of such that the longitudinal eenterllne of struts
the ~ta8OD at tbe center of an lco..-p coin- meeting at any particular fastening I., 2' can
cidea with the zenith Z of the framework. In be adjusted to different angles 80 that the struts
~ c-. however, It may be preferred to shift 6~ w11l form chords of great circles 01 tbe~mework
&be orientation of the framework, as tor example as a whole. As the framework 4 ei'eOt*l. It w1ll
to &11 or1mtation which would result from ~ tend to auume the ge~ralsp~~ f~ of the
the line A'-A' as the ground or foundation line. dome for which parts bavebeen ~ Once
in wh1ch C&8e the zenith Z' would no longer co1n- it has aaumed such form. t~e 1nd1~ 'fasten-
cide With the midpoint of an lcosacap but Instead 70 ings are tightened. oompres81ng

§ ' U apriD88

WOUld coincide with a poInt wlth1n one of the II to the desired ".xtent. n .~ are

spherical triangles which form the faces of the tightened to the extent wh1cb springs
1~~-J'Qn. U the sheet of the drawing on II untn they are driven soUd, ~xS~11il11i ld1Qr is
whleh ~, 1 appears be turned so that ita r1ght- obtained. However, if ,rea-~- la de-
band lonaer edSe beco1DM the bo~ ot the 71 Iired in the completed strucQlre, ~.. 2. WUl
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be tightened to a lesser extRnt, In whtch case ti.e tagon at. the midpoint of an icoSacap, 1. e. an
springs 28 will not be driven 8Ol1d. Suitable lock. area corresponding to the central portion of f1g.
nuts or lock washers may be used to hold the parts 5 rexcept. 0! course, that th1s 18 a dUrerent type
in the desired final adjustment. of framework than that shown in Pig. 5) .The

In P'1g. 7, bolt 28 is provided w1th an eye 31 6 framework. 18 made up of struts simUar to the
at Its 1nner end which 18 useful in attaching the struts 23 described with reference to the frame-
plastic skin lnaide of the framework. Bolt 28 work of Figs. 1, 2, 5 and 6, these struts being con-
p8S8eg through openings 38, 38 1n the outer and nected together by fastenings which may be siml-
tnrler Pe.rts 28, 2.' respect1vely of fastening " lar to those described with reference to Figs. 7-9.

Reference 15 now made to the modlfted con- 10 The framework may be considered 88 made up
struction Ulustrated In FIgs. 10 and 11. FIg. 10 of a series of tripods, one of which 18 shown in
represents a portion of the framework simUar to Fig. 13a, cons13ting of three struts .., joined at
that shown in Fig. 5. However, 1nstead of show- the center of the tripod by fastening .8. Th18
1ng the framework itself, the planes of the equl- particular tripod may be described as an OUt-
lateral triangles formed by the struts of the 15 wardly pointing tripod. Its central vertex 88
framework are shown as though they were tri- represented by fastening 48 Ues In the ma1n, or
angular planels <1nstead of spaces outlIned by the outer, spherical surface 81 and its base lies in
struts) .'11118 has been done to permit use of spherical surface 82 concentric with surface II.
shading in such a way as to pictorialize the Arranged in complementary f&5hion to the oUt-
"dimpled" surfaces of this particular framework. 20 wardly pointing tripods are inwardly point1ng
The '.dimples" are formed by inwardly offsetting tripods made up of three struts ..jo1ned together
the vertexes of the pentagons .a and adjoining by fastening 8a. Its central vertex as repre-
hexagons ., to form what I term an "involuted" sented by f&5tening ID lies in the 1nner spherical
truss-Uke structure. This places all the inwardly surface &2 and its base lies in the outer spherical
otfset vertexes substantially in a spherical sur- 26 surface & ,. Two such complementary tripoda
face 42 concentric with the main spherical sur- are shown in Fig. 13b. The feet of the outwardly
face .1. The main spherical surface is defined by pointing tripods are joined together by tenaion
the ends of the struts of the bases of the penta- members 83 which may be made of wires or cables.
gons 40 and hexagons .,. The resulting struc- The feet of the inwardly point1ng tr1poda are con-
ture 18 like a spherical truss deftn1ng 1nner and 30 nected by similar tension members 14.
outer substantially spherical surfaces of concen- In P'1gs 13 and 14, the struts 41 of all of the
tric spheres. Th1a framework based on two outwardly pointing tripods have been shown with-
spheres 15 somewhat stUfer and less resilient than out any surface shading so that they appear light
the framework of FIgs. 1 and 2 based on a single in the drawing. where88 the struts .8 of all the
sphere, and I consider the former best suited for :I;; inwardly pointing tripods have been shown with
the cOI18truction of domes in sizea ranging be- surface shading so that they appear dark in
tween approximately 50 and 140 feet in diameter. the drawing. Thus, the "light'. tripods are dis-
The struts which extend inwardly to the vertexes posed with their vertexes in spherical surface II
or points of the dimples are made somewhat long- and the .'dark'. are disposed with their vertexes
er than they would be in the single sphere con- 40 in spherical surface 12. TeD81on members 81 ex-
struction so that. upon 8S8embly, formation of the tend diagonally between the respective feet of
dimples 18 an 1nherent function of the lengths of the light and dark tripods. These tension mem-
the respective struts. bers, as viewed in plan in Fig. 13, present a hexag-

In the further modification illustrated by Fig. onal outline, alternate comers of whicb are con-
12, the dimples are inverted. '11118 framework, 45 nected by the aforeaaid teD81on members II and
and the framework of Figs. 10 and 11, can be made 84. tension members 11 forming a triangle made
of the same kind of struts described with refer- up of chords of spherical surface 12 and tension
ence to pigs. 5 and 6, and can be PUt together with members 84 forming a triangle made up of chorda
the same type of f&5tening described with refer- of spherical surface 81. The resultant basic
ence to P1g8. 7 and 8. although if desired other 50 pattern of the outer spherical icosahedron in 8ur-
forma of 8truts and f&5ten1ngs can be used with- face 81 18 the same as that illustrated in pig. 5.
in the umtts of the appended claims. It w1ll The same 18 true with respect to the resultant
be observed that the fastenings of P'1gs. 7 and 8 b&5ic pattern of the inner spherical icosahedron
allow for offsetting of the selected vertexes. <Note in surface 82. In effect, therefore, we have here
the clearance at 4..) Note also that in these 5.) two concentric spherical icosahedrons joined by
mOdified constructions the struts which extend to diagonal struta and teD81on memben. The
the otfset vertexes, while no longer lying sub- framework 18 tightened into a final rigid struc-
stant1ally in a spherical surface. still are aligned ture by means of tension members 18 extending
with great circles of a common sphere; and such radially with respect to spherical surfaces It and
struta still Ue substantially in great circle planes 60 12 between the f88tenings ..and la at the apexs
whose intersections with a common sphere form of the light and dark tripods respectively. If
grids compr18ing equilateral triangles. These in- desired. turnbuckles may be used in these ten-
wardly extending stru~ also are chords of great sion members to secure the desired final tension
circles of the framework. to hold the structqre with the p~oper degree of

Reference 18 now made to another embodiment 66 rigIdity.
of the invention &5 illustrated in Figs. 13 and 14. At the vel'texes of the icosacap, the framework
This 15 a variant of the frameworks of FIgs. 10-12; assumes a pentagonal form as clearly shown at
like them. it is based on two spheres. However, t.he center of FIg. 13. At such points in the struc-
the framework of Figs. 13 and 14 is more com- ture we havE' an inwardly <or outwardly) point-
plex, and comprises a truss formed of compres- 70 ing pentagonal strut arrangement in place of
slon and tension members. I consider th18 type the t\VO complementary tripods which character-
of framework best suited for the construction ize the rest of the framework where the pattern
of domes in sizes from approximately 140 feet 1n is hexagonal. I prefer to bridge over the outer
diameter and upwards. Fig. 13' covers a small side, or base, of the pentagonal strut arrangement
area of the framework centertns about the pen- 76 at each vertex, III the .pec~ framework shawn,
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th18 bridging consists of five struts 51 j{)ii1ed to- and 2, are in geodesic It.lignment. The alignment
gether by fastenings I8 at the vertexes of the is such that the longitudInal centerlines of the
~pherlcal icosahedron. and joined by fasteninR's sheets land also theIr edges) are arranged in
..to the feet of the li~ht and dark tripods im- geodesic lines. Thus these sheets create the same
mediately adjoining the respective pentnl!'ons. r. sort of three-way grid pattern as I hrLv(' described

In all of the forms of framework I have de- with reference to the several forms of framework
scribed, the lengths of the individual struts are in which strut.& are employed-
sui)8tantially equal. but not precisely so The Here again, all the main structural ('lement..'I
sll~ht differences in the lengths of different struts Rr~ of almost the same size. the variation beinlt
in a R'iven framework determine the radius of III determinable mathematically or by graphic solu-
the dome and whether it is based on one or two tion as before. The frequency of the grids is a
spheres. The number of differE-nt lengths of matter for selection in accordance with the spe-
strut in any given framework based on a spheri- cial requirements of particular structures. As
cal icosahedron varies in accordance with the with the struts. the frequency will determine the
number of units. or modules, into which the edges J~ number of dUferent diamond sizes to be used in a
of the spherical icosahedron are divided, i. e. in given framework design. With a frequency of 16,
accordance with what I have previously termed for example; there will be 20 sizes or types of dia-
the "frequency" of the three-way great circle mond per sphere. With hexagonal sheets on the
grids. I have found that with a frequency of 16, same three-way grids, and with a frequency of 16.
88 described in connection with the dome 11lus- 20 there will be 10 types per sphere, consisting of 9
trated in FIgs. I, 2. 5 and 6. all conditions of the types of approximately hexagonal sheets and I
framework design are satisfied with 56 different pentagonal. sheet. Other forms and arrange-
lengths of strut. The same framework when built ments are possible.
of grids having a frequency of 8 can be con- Particular attention is directed to the manner
structed from struts in 16 different lengths. With 'l~ in which the three"-way grid pattern is bunt up
a frequency of 4. only 5 different lengths would in th18 form of my framework. Fig. 15 shows
be used. I have found, further, that there need one complete face, or spherical triangle RaT, of
never be any greater complication as to number the spherical icosahedron, plusone-thlrd of each
of lengths of struts than that represented by a adjoining face of the same, namely the additional
frpquency of 16. 311 areas RUS, svr and TWR, or the total area.

The alight differences between the lengths of RUSVTW .Geodesic lines II, II, 61 extend from
the individual struts in turn create slight differ- each vertex of RST through the mid-point of the
ences between the angles of the substantially opposite side. SV, VT, TW, etc. are correspond-
equilateral triangles and this has the result of Ing f{eodeslc lines of the adjoining faces of the
formIng a spherical grid structure In which all 3~ spherical icosahedron. Within area RUSO all of
the maIn structural members are in geodesic the sheets ..are arranged with their longitudi-
alIgnment or are chords of great circles of a com- nal center lInes extending in one general direction.
mon sphere. one way of determining the strut The same 18 true withIn areas SVTO and TWRO,
lengths 18 to construct a paperboard hem18phere except that in each case the general direction is
to a scale of, say. 1 inch to 1 foot. and layout .0 different. Along linea RO. SO and TO, the sheets
the vertexes of one of the faces of a spherical of the respective adjo1n1ng areas come together
icosahedron on its surface. These vertexes are at an angle approximately equal to one of the
next connected by drawing great circle lines spherical angles of spherical triangle RaT.
(spherical straight lines) therebetween. The This can best be understood by noting the dia-
edges of the triangle defined by these lines are 4;1 mond patterns of the construction lines where
next divided equally into the number 0! units they extend beyond the area covered by the sheets
represented by the selected grid trpquency. The .0. Note that at the vertexes of the icosacaps (as
dlv181on paInts are then connected by drawing at S for example) , five sheets 61 toe in to a com-
great circle lines in the manner clearly shown in mon point. Elsewhere throughout the frame-
Pl8s. 1 and 2. (Note that the points along one 50 work as shown in P1g. 18 four sheets toe in to a
edge are connected to every second point on an- common point. except at the center O of the tri-
other edge. ) We now have a completed three- angle RST where only three sheets toe in at a
way grid pattern. Finally the length 0! the common point. Thus there are five sheets around
chordal strut.& 18 measured dIrectly wtth the use of each 0! the vertexes R, S and T. three sheets
ordinary draftsman's dividers, allowance being 5.'; around centers 0, U, V and Wand four sheets
made for the strut fastenings. around all intermediate points.

pigs. 15 to 18 inclusive illustrate another em- With this general type of construtcion, I have
bodiment or my Invention in which the main discovered the posslbUity of making all the sheet..,;
structural elements of the framework consist 0! exactly identical in overall size, the variation in
interconnected sheets 10 of metal, plBstic or other GO type being secured by varying the sizes or depths
suitable materIal. The longitudinal centerlines of the notches 81 and 12. It the overlapping
(11-11, Pig. 16) of these sheets lie substantially edges of adjacent sheets are riveted together, the
In grat circle planes whose Intersections with a holes for the rivets will be drilled on slightly dif-
.~mon sphere form grids comprising substan- ferent patterns to suit the dUferent types and keep
tially equilateral trIangles. As shown the sheets (1.) the tastenings in geodesic altgnment. Thus all
are substantially in the form of equilateral dia- the sheets are sheared out to one size, and the
monds whose minor axes are approximately equal manufacture of the different types for a par-
in length to the sid("8. The comers of the sheets ticular sphere is completed by using adjustable
II are notched for interlocking eng~gement with jigs (or a series of different jIgs) for the notching
the notches or adjacent sheet..,;. The corners of 7() and/or drilling or punching tools. This great-
the notches 61 and 12 lie substantll\lly in great ly simplifies manufacture.
circle planes whose intersections with a common I prefer to fonn or press the sheets to a com-
sphere form grids of substantially equIlateral pound curvature conforming to the surface or
8pherlcal triangles. Thus the sheets ...like the the spherical icosahedron on which they are
struts 21 of the framework illustrated in Figs. 1 76 based.
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Domes constructed in accordance with Pigs. form in which the ms.1n structural e}.~lnent~ fo:i1.
15-18 may be erected by nrst a.qsembling on the a subst.arlt1aJly uniform over-ail pat!.i)r:1 0" n rE!~ I.
ground those sheets which are s.t the vertex of an circle s.tCS intersecting lr. a three-"/~y !!r!d
Ic06acap. namely at that vertex which wtl1 be 4. A building framework of genera!!; £0£".r1caJ
uppermost In the completed framework. Then. ,3 form constructed of intersecting t!'Ui)."~,5 a.rrauged
working around perlpherally. additional sheetB in a geodesic pattern of approximate great ~trcj!7
are Interlocked and/or riveted together. raising arcs.
the ,partially completed dome as the work pro- 5. A building framework of genf:rall:t JPh£;rical
gre88e8. form in which the main structural elemerls are

It Is possible to begin Inrerlocking the sheet.., 10 aligned with great circles of a common apheTe,
in either a clockwIse overlappinR' relationship, or and are hlterconnected in a pattern the sides of
in a counterclock.wise overlapping relat.1onship. each element of which are substantially e.qualin
By a clockwise overlapping relationship. I mean length.
that at any given point where a group of sheets 6. A building framework of generally spherical
toe in to a common vertex, the edge of each suc- 15 form in which the longitudinal centerlines of the
cessive sheet of the group Is on toP of the pre- main structural elements lie substantia.lly in
ceding sheet as we move around the vertex in a great circle planes wh~e Intersections wIth a
clockwise direction. By a counterclockwise over- common sphere form grids comprising substan-
lapping relationship, I mean that at any given tlally eqiUlateral spherical triangles.
point where a group of sheets toe In to 8. common 20 7. A building framework constructed in ac-
vertex, the edge of each successive sheect or the cordance with claim 6, in which the ms.1n struc-
group Is on OOp of the preceding sheet as we move tural elements are interconnected 00 form 8. truss
around in a counterclockwise direction. This Im- .the outermost points of which lie substantially in
poses wh8.t I term a. "turblning" action in the .a common spherical surface.
framework, and the turb1n1ng action will be either 25 8. A building framework constructed in ac-
clockwise or counterclockwise a.ccording as the cordance with claim 7. in which the innermost
overlapping relatioMhlp is either clockwise or points of the truss lie substantla.lly in a common
counterclockwise. ThMe turbining act.1ons p~- spherical surface wlth1cll and concentric with the
duce a highly effective locking action in the first-na.med spherical surface.
framework as a whole. 30 9. A building framework. of generally spherical

Geodesic locking bands or cables may be ten- form in which the main structura.l elemen~ con-
sloned over the completed dome and anchored to sist of interconnected elements the longitudinal
a suitable founda.tion. cenrerlines of which lie substantially in great

Oeodes1c fra.meworks constructed in accord- circle planes whose intersections with a common
anee with my invention, if made of struts uni- 35 sphere form grids comprising substantia.Uy equi-
verBally jointed at the vertexes of the triangles lateral spherical triangles.
can be folded into a compact bundle without tak.- 10. A building framework constructed in ac-
1ng apa.rt any but the fi.na1 locking elemmts. corda.nce with claim 9 in which the meeting
'111!8 form of my invmt1on la lde8.l1y suited for edges of the grids form a portion of a spherical
use as temPora.ry sheltera which a.re 00 be moved 41) icosahedron.
from Place to place, such 88 huts, hanga.rs, me8S- 11. A building framework. of generally spheri-
ha.11s, and headquarters untta for army encamp- cal form in which the main structural elements
menta. consist of interconnected shee~ the longitudInal

The frameworks ma.y be covered with plast1c centerlines of which lie substantially in grea.t
ak1ns, tnslde or outside Or both, or with other 45 circle planes whose inrersections with a common
ma.terials. Openings for access, light. sun and sphere form grids comprising substantially equi-
a.1r are provided as desired. lateral spherical triangles.

The terms and expressions which I have em- 12. A building fra.mework constructed In ac-
ployed are used in a d~cript1ve and not a limlt- cordance with claim 11, In which the corners of
ing sense. and I have no intention of excluding 60 said sheets are notched for interlocking engale-
such equivalents of the invention described, or of ment with the notches of adja.cent sheets.
portions thereor. as fall within the purview of 13. A building framework constructed In ac-
the cla.1ms. cordance with claim 11. in which the comers of

I claim: said sheets are notched for Interlocking engage-
1. A building framework. of generally spherical 55 ment with the notches of adjacent sheetB 9.nd in

form in which the main structural elements are which the corners of the notches lie substantially
interconnected in a geodesic oa.ttem of approxi- in great circle planes whose inrersections with
mare great circle arcs intersecting to form a 8 common sphere form grids of substantially
three-way grid definlng BUbstantially equilateral equilateral spherical triangles.
trianRIM. eo

2. A building framework Qf generally spherical References Cited in the me of this pat~nt
form in which the main structural elements are UNITED STATES PATENTS
arranged In a geOdesic pa.ttern of approximate Number Name Date
great circle arcs Intersecting 00 form a three- 1,773.851 Pa.ntke Aug 26 1930way grid defining substantially equila.teral tri- 01 .,
angles, said main structural elements being in- OTHER REFERENCES

terconnected by sliding interlocking joints. Engineering News-Record-..page 602-Apr. 28,
3. A building framework at generally spherical 1938.
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