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2780 LARGE SPAN DOVE 21 74 7435 Thi's i nvention

pertai o large clear-spa dones useful to enclose athletic stadi t he

like. g particularly, it pertains to such dones i:n which 5 ng%gfﬁ?ry

space- ning network of principal structural nmenbers defines t —_

princi pal curvature of the done, and in mhith’openings I n thatzﬁfaﬁgrk are
[

cl osed by secondaryRdBNEePANA\DOME curvature greater than the pr I735

curvature. 10 o .Lhe past, decad . it _has beco

i ncreasingly conmon to conspﬁﬁﬁ: Kﬁ%ﬁ+ﬁ?ﬂ?%rgéé§$gt3néafﬁgIq fra i
encl osi ng dones sdombat usefhlsttadienckosdecatbbetior stediredandurthesdsike .

w thout regard to a r dify ag L Of At I :h, | 15
encl osed stadia igb?%q5ggﬁgo gﬁ% Sﬂ’k%tggﬁﬁ? g?agé %ﬁgkegé%gé#ﬁglggﬁgﬂ%f
that stadi unbhas & DARERyi SRACe-RTanRiRgsReRyoRKt T dEdncd®Pdort nenbers,

pl aced over a conmgly@ycRAuIrERN Yo sHRPOS (4 881 hEHSEhaN P radnkcd Palnusaide e CHE i S
of conventional nature. The erection 20 of .t he encl osi.n gpne of the
Astrodone requi r e§n8x LRSIy @0k d ThWILeR QPER1IBES, 1Ry T cg§ ATk 1Rre

stadi um fl oor. Miclberdndy Feddrmiaspntoméscharvdgy carvidtmnesgrdater
scaffol ding, but in_any,event. is. period required and i s expensive.
Today, at 25 |§§§P *Hesﬁﬁ§§ﬁ%é§§ %ﬂ%&%%ﬁgFFuction of a stadi um done of
the kind fod@d in the Astrodmrethopasbedpesebpti daloy dipdyas \eecopeo,

there now exi st 35'2-539%3% lgar%dj!#ﬂ%?/gﬁt éghﬁg?ﬁ@tt he idehii b PELapaW

not covered or encl ose \ coul d benefit signific ntlﬁ &z (;
being covered or &8d dded 1iip el &l aenalRELRENGOTES Fhdhat fReyRtagla
SU.’ng,?rt cover It ng l’cg.%I et lﬁi_é@d”jﬁ?r d&asheat 9&@-90@_@% fwriagiwﬁ Ieged tor
sp ing events a e like. Su a stadiumis,t . e e r
enclosed, it is dgﬁq%;ﬂ%§4%hﬁrt?@p&ltlons. one 'ot ¢ ef%lrsé)sﬁﬁﬂ igggg
15 enclosed stadia is the Astrodome in Houston, Texas.
The enclosing dome of that stadium has a conventional

roofing system, with local suppdrt members, placed

over a complex primary supporting truss and girder
network which is of conventional nature. The erection
20 of the enclosing dome of the Astrodome required
extensive use of expensive shoring erected on the
stadium floor. Maintenance of that dome often
requires the use of scaffolding, but in any event is
.periodically reqﬁired and is expensive. Today, at (
25 least in some areas, the construction of a stadium -
~— dome of the kind found in the Astrodome would be
prohibitively expensive.
Also, there now exist’through the world
many stadia and the like which are now not covered or
30 enclosed, but which could benefit significantly by
being éoveréd or enclosed. These stadia were not
originally designed to support covering roof
structures. Such stadia are frequently used for
sporting events and the like. If such a stadium is to
35 be covered or enclosed, it is desirable that the



2785.'_12- encl osi ng roof or donme structure be light in wei ght and be
capabl e .of béing erectéd rapidly without the use of shoring,_the presence
of *which interferes with use of the stadium It is al so deg&7em e that the

5 . loads of the done, and of |oads applied to the done, ried.in
ways whi ch -do not require major and costly nodifications 0 ré eméﬁé@g
stadium structure. The foregoing circunstances establish that 10 a need

exi sts for advanced | arge clear-span domes whPch are light in weight and
structural ly effi C'@ﬂéld)@lhgr #808f 0 2babhby steuspRer thet NQightoWh Weiigt+ and

applie oads and in_te such Ioa S .to sypporti,
foundaﬁ?%ns whi ch %H% B% S?B%gg éﬁtg86Pglgre° Eife T ﬁgﬁ%gﬂ Q%PQQKﬁh?@
whi ch upon conplet|usereﬂusherﬂnggnunenpbasemaacef ahd chhiialtearfere® with

structured that suc n |r a '
economically. A st rQu% ur al f;'ﬂ@ ?aﬁg}ﬁt‘ [drgmg giS% gs?%%r%rﬁ%;l%mrﬁaﬁmuﬁbeer of 20
supporting foundat i beads apd thehdﬁmamdandon§ égaéﬁeameddbde¢Qﬂﬁhﬁ(ﬂQnﬁ,

simpl e and aesthetigal by- Pi@émﬁﬁgwaygewm% 2l %Lturz%qq{lefeer Cy.. showl d be

adaptabl e to existing stadi a resent different perinetr
confi gurations of s%%%E%YtBOBéféﬁéFbgéé ofather exfi&t ing St%@%ﬂﬂf di ctati ng
cor limting the geogptuytatethe space to be enclosed. A few done systens

presently exi st which have so ven many, hut not all of t.h esira Ie
characteristics; nost Iinitatﬁgﬁs RICBOAIE CTORRSIaqres qé; e
practical andi@conocari need ezaiats, foat hdvankad les@ectdlexr scmzde’suntesiorre

systems typically rx‘?ﬂ?bfleﬁ'?g b 3htPen qggggﬁcgq{di %{:r c%ﬁ{e"l%rl]?;%@fcien‘c

cul ar, square, pentagona exagonal “shapes
vm| e geode3|c systbnstganétpﬁegbﬂﬁc Nd&oasupport their own weight and

applied loads and in terms of carrying such loads to
supporting foundations, which can be erected without

15 the use of major shoring, which upon completion
require minimum maintenance, and which are so
structured that such maintenance as is required can
be accomplished economically. A structurally
efficient dome requires a minimum number of

20 supporting foundations, and such foundations as are
required should be simple and aesthetically pleasing.
The dome structure preferably should be adaptable to
existing stadia which present different perimetral

\_ configurations of spaces to be enclosed, rather than

25 itself dictating or limiting the geometry of the
space to be enclosed. '

A few dome systems presently exist which
have some, even many, but not all of these des1rab1e
characteristics; most limitations as exist in these

30 dome systems are practical and economic in nature,
rather than theoretical.

Geodesic dome systems typically require
regular perimeter configurations, such as circular,
square, pentagonal or hexagonal shapes, for their

35 use. While geodesic systems somet}Yimes include a



-3 2780 network of supporting nenbers across the space
encl osed hey are primarily passive or stressed-skiN systens in whi ch '

2 tarried and transmitted in the shell or skin nenbers of the done.
5 3,058,550 describes a geodesic donme systemwhich is
yn that it does not require a network of supporting nmenkgge, such
as beanss~tubes or trusses, but rather carr%;s and transmts its own and
appl i ed | oads throu%h t he fornmed-sheet skin“menbers and 10 associ at ed
struts to perinet BFV¥BEKRAAEI SHPPOTIVE ngo et A afoss Stheaspates, 058, 550
i s geodesic in thahclbgeR!, mchb@ala @%ﬁ?&”ﬂy“%}i&ﬁ% e§r ogttggsﬁ

arranged al ong geodesi c I|nes nes ass over t
di stance between FXB%gﬁﬁcé& H@Pﬁ@slfgds Qﬂ?a?%ﬁﬂ#%@éan6nt§a§§ﬁéﬁéed 1n
geodesi c |ines arthar eshedfl @reakuulmdmﬁa;éfvffﬂhéﬁmem@f uesdephgs nr ovi des

a-way of subgdi vi di er. Q. tq be |l e tr|a ul at ed. by great
C|rcYes Thu %é §é§§pd9§8%f6%% apﬁ%éiﬁ%i) ﬂngW 3§th§ are
20 spheri cal | yfarameégsgt A unc tbinads l‘bsm:lesjmmls :l'qumrélreenehbwemkl otfal

contour within eaﬁﬂpﬁbkﬁ?ﬁglEEESF%%eaégcﬂ'E%cﬁggﬁgl fﬁﬂgacﬁév%ku

Spherical curvature of a_ver e 'span done cause$ véry
hi gh unl ess a verPulbal‘&@h?adlcﬁé'"éﬁsc@rf\ﬂat‘ft}raé’lsnsl%euts26wn anfepprildedn

i nverse rel ation Dew@eﬂh&-adg%s'a% FyrrRidlshay dioad héh by -BIafRf 1 ciency.
More signifjgant, however, .i s tQ& 3ft that as gegdesic dones |ncrease in
Fedt© RQTemede

size, the thPckneB&S8F1RAEdsRiET 1 SoundRt £aes. Thepdioe i s
reached 30 mhesystamreﬁsUng sEa&enEk@&OBBUangﬁﬁm§§b@esgaeigceﬁgm1calIy

' bI Ceqdesic d
cystens have e LADaRFagEiARTE 204 AR A0 AUAR} Ga e “theALERL AT

shori ng. arranged along geodesic lines, i.e., lines which pass
' over the shortest distance between two spaced points
15 on a surface; on a sphere, geodesic lines are arcs of

great circles; the science of geodesics pr rovides a
way of subdividing a sphere so0 as to be completely
triangulated by great circles. Thus, domes according
to the philoshophy of Patent 3,058,550 are

20 spherically curved structures; such domes have three
dimensional contour within each triangulated area of
the overall dome curvature. Spherical curvature of a
very large span dome causes the dome to be very high
unless a very large radius of curvature is used;

25 there is an inverse relation between radius of
curvature and load carrying efficiency. More
'significant, however, is the fact that as geodesic
domes increase in size, the thickness of the skin
sheet material also increases. A point is reached

30 where increasing size makes such a geodesic dome
economically less atf}actice than other dome systems
of comparable size.'Geodesic_dome systems have the
advantage of being constructable without the use of
ghoring. '

35 Dome systems according to U.S. Patent



35 ° . Done systens according to U. S. Patent 2780 -4- 3,909, 994

have been used advant ageously to encl ose spaces |larger thanANP®e with

whi ch pure geodesi c dones can be used economical lLy; done sacc.vo-rr_,di ng

to this patent are designed, fabricated and 5 ° erected by\he“assi.gnee of

this invention under the name "Pol yframe". Dones of this kind use e?' wor k
ng

of interconnected extruded al um num structural nenbers, and cooper
connection devices, which preferably are arra#dged al ong geodesic lines to

10 provide triangubgs, PENHhEGE WOEGNuaER ©4Q08ed bk R3S i Ald Hefd s

sheet a/um num cl osure el ement s secur ed around their. edges to the extruded
structural menbers SPHCeBNHBEBEENTHEN tboseTmddd M RiRe JARGG SRS

Clﬁ_rvaL_urg vvithbe'ssem%ﬂx@élu!aﬁmalgtbssaaéaﬁmmibilgy;Tfaweetsiyfs?dém's domes of
this kind can be used to.span.large distanges; t as_spans.incsease. so_do
the'si 765 of the oxtPANEHLRBAKE FHEPoRBLE Renaren Aesha i m THBL 1570 and
econonic |initSof abpeicteddObfebhe(a88igrmeer of. thimgd mentisimnsnde 2 st | v,
and can be nade 20 ,_.Lnnbjfilked..phace ' t %ﬁ%] ' Y. el :
These ci rcurrstancesnae'?%ec_ #%F?gﬁlr@eﬁen?c@%%eg%t)fﬂﬁh% S ﬁﬁ‘l%ér/g‘{m éejﬁlgygsed
to enclose athl eticoft hutarananeptedi rxtunded gdaminum Sfcaactoirahe order

of 700 feet (215 nehémnde rs9 aBic@bBipe raBY e MRV €Be?Pees, which
For | arge spans, doublf dogi Séstens have beﬁr roposed i n whi ch the
hE2dode’T i

structural menbers Bf® 8 BTARERGe @l Fi¢ Lhrassto

I nt erconnect egloby sprotvidet busamgklag bhpe ritngsctwiiiadh giral ¢bsed Beneral |y -
spherical truss to be_suij 3 9is a

va([/ant of this app?%g?:ﬂ%%\ﬁﬁﬁ %@g& g?lgér{g'g"u&iliﬁlq%gsg‘g%ésqﬁgﬁ%S ]
according to U S. Paeeounted, 859us80 the ieneldges $o0 the extruded structural
members and connection devices. These domes have
" spherical curvature with essentially smooth surfaces.
15 Theoretically, domes of this kind can be used to
-span large distances, but as spans increase so do the
sizes of the extruded beams increase, thus producing
a practical economic limit of about 450 feet (137
meters). Large extrusions are costly, and can be made
20 in limited places subject to long delivery delays.
These circumstances effectively prevent domes of this
kind from being used to enclose athletic stadia and
"the like where span distances on the order of 700
N\ feet (215 meters), or greater, may be encountered.

25 For large spans, double dome systems have
been proposed in which the structural members of the
domes are arranged in concentric shells
interconnected by struts, thus making the structural
grid into a generally spherical truss to be suitably

30 covered. U.S. Patent 3,063,519 is a variant of this
approach which uses a—series of small geodesic domes
according to U.S. Patent 3,058,550 to0 enclose a
locally three-dimensional network of space-spanning
structural members, either inside or outside the

35 network. Where the geodesic domes are disposed



| ocal 'y three-dinensional network of space-spanning structural nenbers,
either inside or outside the 35 networ k. Wiere the geodesic dones are
di sposed -5- outside the network of structural nenbers, the overall dome
surfaceﬂiﬁ% l'ocal three-dinmensional contour. In either case, th of

nuutypl- fFodesi ¢ domes is a weat'her skin which is supported 5 | 2#B0§pace
poiats by the structural network which carrices its own | oads an ose due

to the weather skin. Wile the hexagonal peri neter of each small geodesic
donme corresponds aphfdds | $he mehvpekand sitractunedx megmbdropeiiegs in the

structural networdyeddiel 18ome SQFEaREM hggt 8l A" %Me-ﬁl{ '6195,1he sg

network to-cooperate wth the network in a significant carrying
manner. Hence, tROBEURturdr fbERBFKCR8ScofeeBhedd f #UVEIBL®eavy. It

iz seten, therﬁf Orgeodé‘@itca]!?xﬁ@ﬂgbsllﬁ w.eaglhie'i-t isnrﬁlqﬁﬁayﬁér@uﬁpdﬁw@ny
advant ages, ey are not effeciively,usable where_ | arge spans are

encount er ed élnd b RREET 1Rt %IﬁysgglesP?rPﬁ uﬁ@éds"%‘r?ff’ﬁ%cfﬁ?’r%ents
descri bed above. cdwerbedoiitseovnt dohdsdandr ithederdque des th&Oweatltérar - span
donme structure usseé#ﬂ_, Wffeo'fzﬂgrh%ghggialf g;:grgﬁveeb(eiﬂﬁ%?t@i 'Qmﬁ dia and

the |ike, whether 6f new Construction ng ‘construction. The done
Structure can be ggetesilc qlork| gonrenpondsh@ansraiflxHion ishepetang size
| 1ghtwei ght and has A&Ys SBA4T CHRBATNES in BRI RNral (ndfysik ctneal ly
efficient in that_1s uses a m nfnum fmunber of major structural elenents,
and those prfer 0 peripehpgedass goddescnghdo dhonetwerkubQat ure of

the dome which nmyodferdté WOER ORE hatwork he PRI drptiddntaisag- The
dome 30 structure is useful to ﬁnclosetipaces havi n |rr€gulariger|neteL/

configurations, R2TETIPESIRPAEES ork

complex and relatively heavy.
It is seen, therefore, that although
15 existing dome systems have many advantages, they are
not effectively usable where large spans are
encountered and do not effectively satisfy the needs
and requirements described above.
The embodiment to be described provides a
20 clear-span dome structure useful, among other things,
for covering athletic stadia and the like, whether of
new construction or of existing construction. The
dome structure can be erected quickly without the use i
of shoring. It is lightweight and has low maintenance . f
25 requirements. It is structurally efficient in that is '
uses & minimum number of major structural elements,
and those preferably are arranged on geodesic lines
across the curvature of the dome which may be, but
does not have to be spherical in nature. The dome
30 structure is useful to enclose spaces having
irregular perimeter configurations, as well as spaces
having round or other regular configurations. The
structure requires a small number of supporting
- foundations. The structural efficiency of the dome
35 structure may be and preferably is enhanced by using

ence, e structur ne
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haV|ng round or other regul ar conflguratlons The structure requires a
smal | nunber of swupporting foundations. The structural efficiency of the

donme 35 structure may be and preferably is enhan
t he encl osi ng weat her skin systemto carry substanti

O )
wei ght, and of loads applied to it, to the foundati ohs:

usi ng

<2780 - 6-

pprtions of -4.ts

. The phllos%ﬁg¥)and
rati onal e of the dome structure are flexible, 5 enabling the pri pl es
of the invention to be applied to a range of-&+zes, configurations and

structyre of desir edSpledIfsiHh ¥ vea

purposes. According.to th resent _%%enhggfafher ?ngggg¥gggd a

done

ed to be

supported on foumﬁﬂuhstanﬁmuizpmn@psasdoﬁuitsnueaehttoapdo@ﬁdéQ@dS

cl ear-span coveri n%&ﬁ)\(ﬁ) e ©PHE

structure conprisin pri‘maty ne

bP&ffﬁéi -pé’u%ﬁ'&‘tEQHQdaTh@npﬁ%@L%oﬂﬂ}e e

I nt erconnect éd

structural menbers Eﬁﬁkﬂ@ﬁkﬁt@fb%m%u®9@$téﬁrb9tﬂﬁé psandaedPifeans for

spanni ng the space houmoeds bb’hé her{ REDEBE SOBfn’Eﬁésnn‘fJ@hﬂi@frﬂ RioN (e
princi pal curvature of_the done structure, |V|dg%i§rmaéndn0|pa

curvature into a plaretiad b %peﬁpﬁ%s°§081ze§elﬁe

configuration, and fpjpeee®lresponding plurality of discrete mnor done:

f%&mr@%@q@al

conf i gurati o, of 't hee £04L £50921811R91 BB BIrAd ngRd ‘E%n%c%ﬁdmdﬁ%ha”y

assenbl i es each haV|ng a curngéurggiﬁbﬁ%§ &hgohéegg%&tqr

curvature of the done struct assenbl
perimetral conf|gurp&mttﬂ@@bsténmeastyucbngeueﬁtdﬁélﬁﬁé

al.ong the entlrety

erineter primary _network. for

CQLLpspondlng openlﬁ@unﬁaleEaﬂﬁéﬂﬁlBRPHB said outline and to pr
clear-span covering over a space bounded by the

5195149 §ne

foundation means, the dome structure comprising

(a) a primary network of interconnected

15 structural members arranged to be supported by the

foundation means for spanning the space bounded by

the foundation means, for defining & principal

curvature of the dome structure, and for dividing the

principal curvature into a plurality of openings

20 selected boundary configuration, and

(b) a corresponding plurality of discrete

minor dome assemblies each having a curvature

substantially greater than the principal curvature of

—/ the dome structure, each minor dome assembly having a
25 perimetral configuration substantially congr ruent to
the boundary configuration of the corresponding

opening and connected substantially along the
entirety of its perimeter to the primary network for

closing the corresponding opening in a wveathertight
30 manner. According to_presentllnventlon there is
further provided a method of erecting a clear-span

dome structure over a space having a perimeter of

selected planform configuration, the method

comprising the steps of

35 (a) providing horizontal and ve: rtical load



30 ‘'manner. According to present invention there is further provided.a
met hod of erecting a clear-span dome structure over a space *having a

peri met esel ected pl anform configuration, the nethod conprising the
st eps of . (a) providing horizontal and vertical | oad 2780
-6a- Supy ng foundation means ‘al ong the perinmeter, (b) erecting78®r the
space between the foundati on means a princi _network of interconnected

structural nenbers which, when erected, span the 5 space, define a
princi pal dome stPuURPAFréEi&s Fatndatiniy maans 4beng heherPeEiBateur vature

into a plurality of openinggf es@lasitms Primdgky §g@ééguéweeﬂ kRet hg
networ k, and {(c) $I05|ngieach said opening with a 1 ondi n

Ofr S
Socondary done st TARARE IR MG ANS & ARG Rah RSO TE | 9F of BES EPOmRER bere
princi pal curvatus¢ruesaraleaemirns donkcls) rwitd Nrerdevedy sppar ket er

- sybstantially ful te n or.te e rs_of. th r.inci pal
net wor k peri%hera%%?g§5 Q?nggt%éi%ﬁﬁﬁgéﬁghgﬁﬂégo%gﬁn?guf%rcFFX%%EéF’to t he
princi pal networkaofl suddd viidearideampti rel pal t ¢tlereatuneai ptdome structure
| - required, tenigggrgggg§ %&eq?éaﬂﬂggiq?uigugggg@rgégn&hyg the prinmary
nme e

net wor k 20 ers _In association mth t foundati on means for carrying
done | oads acti ngCREEABYFRALOR dit idhedIBetorork, t#Bddone structure. The

secure connection of each m(dr AYE s b Ysd 04 t bpe A1 hgBwytht BUCt Ur a
network- of 586 corresponding secondary dome structure ﬁaing a
curvature substantially greater than the principal
curvature, each secondary dome sfruéture having a \ax
perimeter substantially fully mated to and supported
by the members of the principal network peripherally
15 of the corresponding opening for transfer to the
principal network of loads of and applied to the
secondary dome structure. .
[ +he—deme—structure,] If required, tension means are
provided which cooperate with the primary network
20 members in association with the foundation means for
carrying dome loads acting horizontally outwardly of

o



done structure enables the done assenblies thenselves 5 to carry a
substantial *portien of* the | oads due to their weight, and Qf |oads applied
to them to the foundation neans, rather than nmerely I ng\carried by the
primary structural network. In a preferred enbodi nent primary .10,
structural network is conposed mainly of steel trusses h are anged
to triangulate the principal donme curvature. In this enbodi nent, ZE%7 or
dome “assenbl i es preferably are done units com3tructed in accord with fhe

teachgs and 15 t(}‘gé’s‘fénpé%ﬁﬁﬁ'@ét%é pat.ent 3,909,994. If desired,

howevéy, the m nor me asse I es cah be goedesic in nature (U.S. Patent
3,058,550, for exanple) or trEnelseewreacenndchijonoofheachaatinegs dofmal. S.

Patent 3,916,589, foissn@ipleo & primar %Fﬁég}&gﬁph@t‘%ﬂﬁd O?San‘%mt he

trusses defining the primary structura H%t e present
structure be -arrandtRRe &S HHG Her e gambkest Sheudereonsasnhdies: Hhemselitsg

SF thzzag \Aork][rtem cantd\/fé%rrfpfaelyuﬂmzdeiér?pblf-ﬁﬁtﬁ%éughteﬁ1%|a!a%t rd'a!t_l‘t_at iﬁm,dfihd
al so after construction for_ accesgs.to_li .a i ke. radii
of curvature of thé€¥ﬁ+ﬁww%&ék£'a?%£s? eb°?gssggﬁiﬂﬁg 3ﬁegpﬁ@9iﬁ?t

primary structural foundatdemded¢ans nratkert bRani ferefly3deingenrariedarsy

reduce bendi ng strggﬁgzp;fﬁagit%gggggﬁgagﬁP§§&§5gals. The outward thrust Of.

each of the mnor pass tructural network to
substantially reduce, by as mMriesprefepredcanpodimentaddhehipstimary be

Cavention” | "Sho 4P, notvork 1a, AbfpRicHT AR L BN T (he
\ trusses which are arranged ¥o triangulate the
principal dome curvature. In this embodiment, the
minor dome assemblies preferably are dome units
constructed in accord with the teachings and

15 disclosure of U.S. patent 3,909,994. If desired,
however, the minor dome assemblies can be goedesic in
nature (U.S. Patent 3,058,550, for example) or
translucent according to the %eachings of U.S. Patent
3,916,589, for example.

20 It is preferred that the trusses defining
the primary structural network of the present dome
structure be arranged to define catwalks to function
as worker scaffolding so that workmen can walk safely

(Y : inside the trusses during construction, and also

25 after construction for access to lights and the
like.

o

The radii of curvature of the minor domes
are sized to span the openings in the primary
structural network and to minimize the size of

30 members and reduce bending stresses for optimum use
of materials. The outward thrust of each of the minor
domes passes over the primary structural network to
substantially reduce, by as much as 40 percent, the
loads which must be carried by that network.

35 A large dome span embodying the invention
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reference to the acconpanying di agrammatic draw ngs in mhlch Figure 1.is a

perspective view of a done 5 according to this invention? Flgure 24s a
frag ary cross-sectional elevation view taken along line 2-2 in Figure

1, Fi 3 is a fragnentary el evation view taken along Iine 3-3 in Figure
1;.1 Figure 4 is a fragnentary plan section vieﬁggg -§]

I Nt ersg1uss hub structure and a portion of an adjacent truss Z Un the

prifmary structural network of the dome of ®8—gure 1; Figure 5 is a
fragnentary enl agged #dw besa@tswwedel YAk} dffeé&é&z;spélghwﬁthr uss menber

in the done in Fi ; ure 6 |s a fra ment |em10f . 8s
portion of the dB%geBFnPFgﬁg % 2%45 $ﬁﬁ£h§ %ﬁd B%V%Pﬁﬁs of
adj acent m nor dpaewRfch: assenblles Figure 7 is an enl arged

cross-sectional el evation %ﬁ tahen {ﬁg&ﬁnes%%véjlﬂggigg § gogglgure 8
e 0 e

I's an enl arge cross-sectional elevat
Figure 6; amhd 25according to thygnunﬁbntnmnslnpllfled fragment ary

sectional elevation view o t4 ’ 5ﬁg§%% ' e LAg how
"the m nor dome assenblies fglégpugﬁﬂéeqv% %i‘tl@ ne vvoloi E#Q%lé u%écf'b%hgrl mary
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pl anf orm di0ensi on of the &i@uieardy idore SlagwentafpPiplan?g86tion view _
of an inter-truss hub structure and a portion of an K;/
adjacent truss member in the primary structural
network of the dome of Figure 1; _
Figure 5 is a fragmentary enlarged

15 sectional elevation view through a truss member in
the dome in Figure 1;

Figure 6 is a fragmentary top plan view of
.a portion of the dome of Flgure 1 and shows a truss
member and portions of adjacent minor dome

20 assemblies;

Figure 7 is an enlarged cross-sectional
elevation view taken along lines 7-T7 in Figure 6;

Figure 8 is an enlarge cross-gsectional _
elevation view taken along lines 8-8 in Figure 6; and

25 Figure 9 is a simplified fragmentary
gsectional elevation view of a portion of the dome of
Figure 1 showing how the minor dome assemblies
cooperate with the network of truss-like primary
structural members.

30 . An exemplary dome 10 is shown in simplified
perspective in Figure 1. The dome has a perimeter 11
outline which is generally in the form of an
isosceles triangle having substantially rounded

35 corners and somewhat curved sides. The overall
planform dimension of the exemplary dome shown is 694



-0- feet (211m) by 673 feet (205m. The illlustration of Figure 1 is

sinplifjed or irdealized in that the principal lines thereofepresent the
posi tions of respective ones of a 5 plurality of prim uctural ;
menbers 12 which are connected between the done perineter ach other to
define a primary structural network 13 of thé done. The se al %?ﬁéy
structural nenbers inwardly of perineter 11 are connected to each -~ at
hub 10 poi nts 14 where several of the nem$+s are interconnected via a

hub assenbly 15 (ngégﬁg§1$maqd ? 6939f% 'ﬂ¥§d§£§ently preferred f or m of

primary .structural nenber is ght truss assenbly ("truss") shown in
detail Tn Figs 2,34 and 5. Il‘het Hélilalst‘aﬁrmmf disgRTert 1 ohs shepibfied

“PrimAry structurarneadeni zedt i s nass HHY Yoriddihal IUSse's 3 Ke p6&H
i nterchangeably (unless tgﬁ nt ext clearlévéndlcates ot herwi se) in

connection with ref@PEHEE r PPEIVAONS R ZRBRG QLEER QPP Phefy network
13720 ‘sparst he pbaneWbbgndédphﬁmdry(kﬂnn¢nuﬁaﬁﬂm§mbéh§y1ﬁeﬁhﬁ@haare

princi pal curvatur d Al s t _div e_do | pa
BUrvat re nto a prORaFEEtopegyehihane ot s g e FHE Solh EbE
boundary configgratOoﬁe*ZBG a2 primary stfintywrahcagtworkir Vatefetivé a done
according o this yaHentrae cavdhais rnté«%t,sMctﬁerg@eﬂggvgglﬁge«htgcgg

be elliptical or any other form désired "a ractica ar
the done's perinet®f BRFLRAEET tld §rfeCQﬂﬂPQW%AEﬁNW¢%##m9ﬁh@ r3mt hulnd

other factorsorel eyaphts ha %eqrealses}wedf {he :ﬁ’émsefspéi-ém pal
curvature IS convey war d F| 1 sh that t e Lusseg 12 of
rk 13 are arrhﬂggacopﬁPCF QEBdgg LS??n $88cP 0884t he
do ‘s principal cqijvatgrg;,. Fhe pﬁdsentryepreféeréedfbum odtpaineqyi red
condition. Those ggodGRhg bh"Ge et §'PR Yot £4 AP0 84 8L NEs8lsBy
("truss") shown in detail in Figs 2,3,4 and 5. In the

15 present description, the terms "primary structural
member", "truss assembly", and "truss" are used
interchangeably (unless the context clearly indicates
otherwise) in connection with reference number 12.

The several trusses of primary network 13

20 span the space bounded by the dome perimeter. They
define a principal curvature of the dome. Also, they
divide the dome's principal curvature into a
plurality of openings 17 each of which has a selected

Y, boundary configuration.

25 The principal curvature of a dome according
to this invention can be spherical, but it need not
be so. It can be elliptical or of any other form
desired and practicable having regard to the dome's
perimeter outline, its size, and the environmental

30 and other factors relevant. In general, however, the
dome's principal curvature is convex upward.

Pigure 1 shows that the several trusses 12
of network 13 are arranged, for the mostpart, along
geodesic lines across the dome's principal curvature;

%35  this is a prefetted but not a required condition.
Those geodesic lines preferably triangulate the area



-i 0: of the dome so that openings 17, except certain of themimmediately
adj acent to he dome perinmeter, are triangular in shape. 'The triangl es need -
not be, ap@wn sone cases cannot be, simlar. 5 Certain of

the trusges\ynh network 13 define a ring 18 generally parallel to Leter
11 and c inwardly of the dofre fromthe perineter. It is pzﬁ%&ﬁ;gg
t hat__al | \qpehi ngs inside ring 18 be triangu&r openings. DependiTg upon the

nature and 10 |l ocatign of foundations 19 (see Fig 2) for the dome, the
openings in the ﬁ&\%ﬁ(d@%mtri%w&d Theepeebtiecertedm o€ and
of ten nust be, igﬁxﬁm ;ilgm@dtirdmgu_ |aﬁ‘Tj-1ac"_érQW1f‘o Jh%\I %ngh %ihgﬁe\fg’a%}r%:&ﬁone
openings 15 . I.NSI tryss rin I s close - a Tespect
agsenbl y 20. EacHThameH r’ré'nassg’@ﬁ%‘yaﬂ’fs YriangietreeqRi BRY; $eaomndy
upwar dl y and whi dm hnm&ubﬂsaﬁidddmotﬁbﬁﬁéﬁiﬁi%ﬁrlhe dome’ s princi pal o
curvature. Each m nor done | met er ._confiqguratio ichis
subst anti al Py congr uent to(%%ét%qzhgfg&r%ggtrﬁ%eﬁﬂw ?ﬂ%ﬂﬁf%Mbt%ieglne
associ ated, and @agting & gémeraldyc parallel atonperimeperi fet andto the
trusses and hub | | i i PER o] ing in
a weat herti ght 2%35%@P§g§?gﬁ&ﬂ$ﬁéqgiﬁgg %ﬁ%ﬁﬂw'd@gﬁéﬁeﬁ%giﬁF&gsf that part
of the done fromir Prefersedidhah ald wreningseinside rhveddBebeare
enclosed in a we dalr fopei S d o e '

ref er abl 0 &g:ightgtu?%gt r IIlQ%Sb¥i]fr1é€dﬂ{siﬁ'§% gjr'p‘tg% ?H% %g%ar\gn%ﬁﬁch t he
i nor domedd sty 8, 201 708 -
m nor dormedVare PCEILOMOL I8 Ongs bt kP anbie, 20t £PE Sher domey t hat
m nor domes 20 arliecopeniags? inbeheomettwotied Rcsotwess onghasdian@ osures

of U S. Patent 3%%%9p%%4.metb%r\’@a%h b%S, a.ndr egf{eeﬁlcn?uls% gg(’je.ot e?'n t%% I ed tQJ
the context of the

triangular. _
_ Figure 1 also shows that each of openings

15 17 inside truss ring 18 is closed by a respective
minor dome assembly 20. Each minor dome assembly has
a curvature which is convex upwardly and which is
substantially greater than the' dome's principal
curvature. Each minor dome 20 has a perimeter

20 configuration which is substantially congruent to
that one of openings 17 with which it is associated,
and each minor dome is.connected along its perimeter
to the trusses and hub assemblies which define its
opening to close the opening in a weathertight

25 fashion.

' The outer margins of dome 10, i.e., that
rart of the dome from truss ring 18 out to the
perimeter of the dome, are enclosed in a weathertight
fashion by a'series of closures 21 which preferably

30 are structurally defined similar to the way in which
the minor domes are'strﬁcturally defined.

As noted above, it is preferred that minor
domes 20 and closures 21 be comnstructed according to
the disclosures of U.S. Patent 3,909,994, to which

35 reference is made. When applied to the context of the
present invention, that pafent teaches that each of

L



present invention, that patent teaches that each of openi ngs 17, and
¢carrespondi ng portions: of the margin of the done, are triangul ated
by-beam | i ke structural menbers to define plural. smaller_Jjyiangul ar:
openi ngs, each of which is closed by a sheet crbsure F

gusset. menbers which are so confi gured that Qey serve to define
curvature of the mnor done. It is within thé Scope of this invention,
however, that . n1noPPGB#ﬁS§0ﬁ§bra@dl@@grbﬁpondam@emdﬁtmnms dbstheh@drgﬂn

U. S Pgient 3,909, 8?4tHBYdBﬁeU5§9ethEEQ 18REY dil Vé%;#%ﬁﬁf%&e

donme 1 It will be understood curvature and'r adil us o
_inversely rel atéd. mﬂ?bﬁ??ea°1§ef1n§u@ﬂ&€@1|§ma%h$ﬁ(iﬂ#ﬁnguﬂaqﬂnpemnWQSure

if it has a Iong r edhs o8l wadenat gr eloeed bo9 Qa\éﬁe%th'dlfb% eem?ef Jean-
curvature if $t iag rel ativel shor&‘C di ys of curvature. Thus,
r ad

has an over al eoftep F§§t | 21008 doMe ANe sfraight tand t he
20 radi us of cuavatuonne&tedytﬁ1hub-dﬂk% &Qs@@&S@@mvé}skv&aéﬂ)aﬁ@qnaof

russes 12 11 tne QoL YSRY ShalFBUNK T ATEA0 i Bl e et
pl an view of -a hubthesBitby ibmebhéttussmﬁ$hanethbom@ﬂyefdﬁﬂﬁﬁtﬁks
conprised of a pai in%nlti‘gﬁ“ ﬁbkrlév%&‘ac%%&"ﬁpﬂﬁholror&% Céé}géﬁf{ﬁé@féj%m and

a pair of laterally space | sposed
at the cornet@ of PkBesoth ainﬁféP&EP}bﬁécﬂanghSarHﬂtﬁnﬁuﬁf99932&$ -BAYt i on

of the truss; see bbguBedS:oDcaseeabpRRIRGES 126 13 & dtWdHIC oMY ﬁ%ﬂ?&@t ween
ac

eaQb,adJacent pair §f | ongi t udi nal nenbers of each truss Iin’e
top, bottom and si 88°surfaces of the truss. An

It will be understood that curvature and

radius of curvature are inversely related. A curved

1% surface is said to have slight curvature if it has a
long radius of curvature, and to have a high degree
of curvature if it has a relatively short radius of
curvature. Thus, dome 10 has an overall radius of
curvature which is substantially greater than the

20 radius of curvature of any minor dome 20 present in
dome 10.

Each of trusses 12 in the primary
structural network of dome 10 is straight between its
\ : opposite ends. As shown in Figures 2-5, in which
25 Figure 4 is a plan view of a hub assembly 15, the
- trusses are elongate frameworks comprised of a pair
of laterially spaced upper longitudinal members 24
and a pair of laterally spaced lower longitudinal
members 25 which are disposed at the corners of the
30 preferably rectangular transverse c}oss-section of
the truss; see Figure 5. Diagonal members 26 are
interconnected between each adjacent pair of
longitudinal members of each truss in each of the
top, bottom and side surfaces of the truss. An
35 expanded metal plate 27 or other lightweight grating



35 ‘expanded netal plate 27 or other |ightweight grating 2780 -12-
materi-al is laid over the diagonal nenbers in the bottom of *at 'l east sone
of the trusses so that such trusses can be used as personnel catwal ks for
access ights and the like inside the done and for such 5 mai nt enance
of the as may be required over time. Hand rails 28 are al so ddd ed

al ong i des of those trusses. Hub assenplies 15 are defined as
structural cages to which the trusses are coRnect ed by pi nned 10
connections 29 amestfeamial ni&i baié dveFhehbuhiagsentll mes Hease 1trha1h91urrber of

faces as there arg _é{é&sg,s %.8 i)gag.gnggﬁge t§|hFh% @g%@olsy % dONR, HD L AS

shown in Figure 1, done pol nts are
comon to six trmmﬂﬁgesunﬁson5used|aStparsdmmeltwgsaaﬁk@ fose@stdess have

Six truss connecty nﬁ"tl,{éﬁ-@é aﬁ?hﬁﬁehﬂkgo'l'i&%%d@r%h%om tehd 'f"c?' tgysges and

so those hub assenblies have five truss connection faces. The bottom
portion of &ach M BER#BES e thesdgRec25aRadd DReRA W TRde O3F Tort e -

suitabl e grating mond hpdipersenaget sasowdlilted sllank ivhet kg @ssenbly. Each
truss 12 and eac hub a senbl 15 in dome 10 is prefabricated prior to

erection of the tHe ?? &8s and each hub assenbly is 25
i ni dividually di mensi oned afdbcasbenhildd st d50@mepyleefimeeiasaa§ gsterh@sral on

o Sesemly cun G 1PE Kulfop RS, sEIBSRERGESC AU Sy Spcindd g one
preci se i ndi@i duatopeeetien8al93es shewmailln ¥§ awre He §B¥Eﬂﬁ4btrusses and
hub assenblies | sd&cblfolst RavBPEhb ! RemIRY ¥ fEHe\R Y &HOrd Nerglone.
trusses to be connected to the assembly in dome 10.
As shown in Figure 1, in dome 10 most, but not all,
of the hub points are common to six trusses, and so
15  in that dome those hub assemblies have six truss
connection faces; other hub points are common to five
trusses and so those hudb assemblies have five truss
connection faces. The bottom portion of each hub
assembly carries an expanded metal plate 30 or
20 suitable grating so that personnel can walk or stand
in the assembly.

Each truss 12 and each hub assembly 15 in
dome 10 is prefabricated prior to erection of the
dome. Each truss and each hub assembly is /

25 inidividually dimensioned and configured to occupy a
preassigned position and orientation in network 13.
Thus, the precise geometry of each truss and hubd
assembly can be different from other trusses and hub
assemblies. The precise individual geometrical

30 detailing of the several trusses and hub assemblies
is required to impart the desired curvature to the
dome. ' ' ' '

FPigure 2 shows that the trusses which are
connected to the foundatlons are connected to them
35 by pinned connections.
Poundations 19 are provided at suitable



Fi'gure 2 shows that the trusses which are connected to the foundations are
.coennected to them 35* by pinned connections. Foundati 19 are provided
at suitable -13- locations along the perineter of tcggggpe he
foundations can be suitable structural features of the umor the.like
over which the done is to be erected. Alternatively, the foundat'gﬁéﬁfan.be
5 &t structures installed specially for support of the done. If R
foundations individually are principally cartPers of vertical |oads, a

perimetral base riXleea¥isred é:wpoxc%rthedp@yihEeei-owd%hleo'a%mtecz_ epleend al ong
and dQL1ne t he peﬁ%netéé 11 of the done, A% shown in 10 Figure 2, the
base ring can be iFPHFHETHINS f21 ROnERLFEPLRARYERCAETiEg T €& °F i nner
and. outer |legs 35 el StadiMat adr t thnsi Dikel overt wh3éhcahebdoarbaddad e t he
concrete to enabl e { Ng R nd ry. | tendi ng,to cause the
ring to 15 expé%%?g?é%f,A%geéﬁég#%g}ﬁe Fﬁ%gf¥8na%%§P€E,cﬁﬁsPﬁ bute and
carry hoop sth essestrugfures hindtatled ngpreeisliys famrd sdipporitbwifethleoads

fromthe donme applg o) y. : p {i 19 _I- ive
and support essen_t(?% L%mﬂ%e;ﬁ%ggeﬁggg‘;153%71'&1?%3}%%2%39”@%31%
channel -1 i ke confi¢pRBietH &Ff YeBRbieahgloadenaBl Perimetgadebpgeasingy ik er

for rain shed by tden dedcarPfe@UbP’ thedrdinabtlilbfs! &S iextend 21/ ehd O
mask and hide any f{lpodlights whjc nayé?ee%og t in_the ring for
ette

i | luminating the nerpkne opRT LARTEE s?ﬁe%‘:ém A Sho¥E, A
foundations,1Gnd tRegbweec? i tigei bassedingavanbden ipr b dbrar gorst r uct ed
o Sht e e neceanalatd oREan g nRl R SRR Y e I o
legs 35 and %6. Metal tension elements 37 can be
embedded in the concrete to enable the ring to
receive and carry loads tending to cause the ring to
15 expand, i.e., to enable the ring to receive,
' distribute and carry hoop stresses. Thus, the base
ring receives and distributes loads from the dome
applied outwardly of the dome, so that foundations 19
receive and support essentially only vertical loads
20 from the dome.
' The channel-like configuration of base ring
34 enables it to serve as a gutter for rain shed by
: the dome. The outer leg 36 of the tension ring serves
N to mask and hide any floodlights which may be located
25 in the ring for illuminating the dome.

The dome can be erected after all necessary
foundations, and the base ring if used, have been
prepared or constructed and after the necessary
trusses and hub assemblies have been constructed and

30 made available at the dome site. Construction of the
dome can be accomplished using stiff-leg cranes or A-
frames along the periphery of the dome and by use of
mobile cranes and the like inside the perimeter of
the dome, as on the floor of the stadium over which

35 the dome is to be erected. Shoring and scaffolding
‘are not needed.



dome* can be acconplished using stiff-leg cranes or A- frames along the .
peri phery of the donme and by use of nobile cranes and the like inside the
perimeter of the donme, as on the floor of the stadium over which 35 t he

done is t erected. Shoring and scaffolding are not needed. -edA-
2780 The is-erected in a predeternined sequence beginnirm;Eié?ﬁéﬁT
seliect ed t along the perineter of the depe. The done is erected™™
inﬁardly fromthe perimeter, The done's trusses are erected in 5
concentric circles, or apprd¥ nii@PeniSt BEPEsLEd BagEnMTRdefie tHaabme

perinmeter and prosepdnge iveginthingoat hat séhecteds podintarilidrgy efhd Nt o g,ﬁe
space to be enclosed. in a sgéf-sho&ing ngﬁner. As .each truss 12 oni ub
assenbly 15 is nobREBSEEF 195 WS 4OBFpplhe domei 47 STeshiqbrinverdly s
pi nned to the perfrownthd pewitneber . hheadsmebby tonusadjsaeae dracstedrin

trusses. Th factc&{@;n#Orct'éﬁs§f§sangx'.hggpggﬁgggwég%ﬁciq{hﬁ%éfed as

catwal ks and’ gal | eries constructi on : he process
of 15 const r uchegipning @+ ehy domecrarimeferwand oradeeding:. As each

hub assenbly 15 i s,0o0Eet&d $Raft th8agtubWesOlant4athierl Antdichne
correspondi ng hub point “14 i s defi ned Ln-a'statlgﬁgéx st abl emanner
Thereafter cranesSPacq. to pe ereHosed: hat andBLlgo R MEIHIST as 4 qui red

to lift tg_e hUE E@am mwabﬁeo_ﬁgﬂhbi aafebmﬁuyssejs its0 dlﬁlé_‘d)mgeﬂtéo _tBeOI
correspondi ub asse through use. of th i n,cannect.ion escri be
Shove: he T2 norer e p9a AL s ‘AR Phak 320 LEIE HiE 80 HF S Loty
i s conpl eted befopertinent foundatibors BObaassiemily led dadjaderst tpessngs g;)
17 in the network°r1¥fh€%€gf QRgEfag%eEﬁggb%hea@%dggggﬂgﬁﬁth&@suIated and

seal ed on the floor of
assemblies can be used as catwalks and galleries for :

construction personnel facilitates the process of
15 constructing the primary Structural network of the
dome. As each hub assembly 15 is connected to at
least two of trusses 12, the corresponding hub point
14 is defined in a statically-stablemanner.
Thereafter cranes, e.g.; are used at that hub point
20 only as required to 1ift the hub point to enable
additional trusses to be connected to the
corresponding hub assembly through use of the pin
connections 29 described above. ..
The network 13 of trusses 12 and hub 4
25 assemblies 15 preferably is completed before any of
minor domes 20 are installed to close openings 17 in
the network. The minor;domeé preferably are
'assembled, insulated and sealed on the floor of the
sPace_Spanned by network 13. As they are assembled,
30 they are hoisted into ﬁheir_corresponding openings
and secured in place,ués by use of pinned connections
41 shown in Figure 5. Hositing of the assembled minor
dqmés can be done by relatively light stiff-leg
cranes located at the hub points associated with the
35 one of openings 17 which is of interest. However, as
a 1ess'preferred alternati&e, the minor dome



spé'ce' spanned by network 13. As they are assenbled, 30 tey are Poi stedd
Fnto their, corresponding openings and secured in place, . use 3 plsnggn
connections 41 shown in Figure 5. Hositing of the assenk nor done

' ' i ff- C t the hub polit
one by relatively light stiff-leg cranes located a _ legé
ggsgci at e)cgl with the )?:5 one of openings 17 which is of interest{2! ver,

as a less preferred alternative, the. m nor dose - -15- assenblies, ,
pertlculary nen Go8ERbRESE] BAFPIELTAELY iise: cons temate d@aandimemich
3,909,994, can be assenblec from tnherr i r gmc
the sage manner as‘fetherfissleanrse dEf Unsd. PéfcentAgggﬁjty,}%%,f _e@é}bl 2 %T&F‘anes
Supported at sui t able ke Shom PR L BERLhetekd Ikl thetanerde T 1 ound
e .
fﬁgpg;: ie(rjre?ters(l;:‘tgﬂ‘&ﬁhogﬁﬁi Aghe 7MeRneR dBoBedwbykalFi can demd ef:Jngmiqs.
The nounting f ecakésembDy oD NadlkRERoR &%éeaﬁgngéngggggggq&h&ﬁ % o 0

' foinor done founpdation nenbers :
%?ggpglrzhggr Piyegsﬁhgtlﬁe u %e?m ti breightsetiffulego remesdj acent

S hesa” 43 e B e o e s I
éel)l(. rEIJ'hg ni nor done f_sou%tlon d%nbg%s ot Y cPEBIYELPE pfopREEd OReNINg ricH
sets along the opptfile ¢knrad e minaheddmeisses, and tehgi gg of the truss
D Lon yarber 5 & eaﬁﬂﬁrg%lﬁ{ﬁé% #%ﬁ%%é#?@%gﬁﬁgggpg BCTORS &tation
on'the o her i e i HSRBTHLE 19PSR g 721 @l apeemyl 1 shedvbysels o 0os
t he’top of the t r osisnamdidmey fvghdiftion %&ﬁér@?égg?ééuﬁfgég'ﬁ”b} %8#’(?0@
structural connectyang & R & by the uﬁlgeer’port\il\gr?s of the
structure of the adjacent trusses 12 to project
15 laterally from the trusses and to which the extruded
beams 40 of the minor dome are connected via pinned
connections 41. The minor dome foundation members
preferably are provided in aligned sets along the
opposite upper edges of the trusses, and the
20 foundation members at each station along the truss on
one side of the truss are structurally interconnected
with the foundation members at that station on the
other side of the truss by a beam 42 disposed
-\/ transversely across the top of the truss and forming
25 a part of the truss. Similar structural connections
are provided, as required, between each minor dome
and the hub assemblies associated therewith. In this
vay, substantial portions of loads applied outwardly
by each minor dome to its sﬁpporting trusses and hubd
30 ° assemblies are carried across the tops of the trusses
and hub assemblies to the next adjacent minor dome,
and so on to the dome's perimeter closures 21 and so
to foundations 19 and tension ring 34; see Figure 9.
It is thus seen that a significant portion, roughly
35 40 percent, perhaps more, of the weight of the minor
domes, and of environmental loads applied to thenm,



and the hub assenbl ies associated therewith. In this way, substantial
portions of | oads applied outwardly by each minor done to it§ supporting

trusses and hub 30 assenbli.es are carried across the tops of the trusses
and hub a lies to the next adjacent m nor donme, and so on to the done's
peri et er, sures 21 and so to foundations 19 and tension ring £78

Fi gure 9. I's thus seen that a significant portion, roughly 3 _4(

per cent, rhaps nore, of the weight of the-If-nor dones, and of

envi ronnent al | Oag?ﬁaﬁ%'&!‘i@dt Rtk n'datj@géo f_%g%y ke CR{AbLUdbRe s

foundations 19 by the mnor dones thensel ves do not need to be ca§£4ed
by the prinmary st themgeaveset wiid 45 npfmneed tocbe ceafried bFathene

tccﬁrmonlenz_s 0}‘ nlet %E&ta%% %ft'i‘ulégzdﬂag.htnéﬂ{&rk oﬂvait&tﬁlép?humé'.BOﬂésiéputisg?to
e relatively |ow matetial and construgtion cqsts_o e dope,  Figure 7 is
a fragnentary cro§§3§’eé‘3’ieoﬁé‘lmpé1“&7’3'tq \H%QV%IF aﬁ”h’ o%F PentigblintHo

show nglthe Bay | gedghdl) tthast Wargutart inghepethei pekatdveIperowl0 .
mat erial 44 conprising.the m.nor nme. skin are.coupke o] several beans
40 in each m nor H&ﬁ?gﬁﬁﬂtﬁ?ﬁn&ﬂéﬁﬁq%Péiéheéf%ﬁgfgingg% %éﬁg‘lo. Figure 7

is essentially identical toFHignre B i 4. Sragentary, 0os99dectianadh

reference is-invi%g% o |g%ﬂ¢¥éﬁ/6¥iﬁ %#é?gP@ﬁ% gggm44gfsﬁ§§EP§x%hgf t hat

patent, for a detarled description ure shown I ure 7
hereof . Each beanway Aa&s whdehariherdinianaulaty akaped pbeensopposheelsi des

~of a centrahoweb $ate3qd1hals d¥hpiers KL UEhé Ymi £6878bAE Bkihdarkl ange or |

and tuo out or 1| bEORFLe U WA RN TR LNEARE 40 S PRED: BRBPFARGRS. 1n
symetrically w t kheeqreterdtly heraferredf foen 1. ddlne oppoFigygre 7 is

essentially identical to Figure 6 of U.S. Patent
3,909,994 to which reference is invited, especially

15  columns 3 and 4 of the text of that patent, for a
detailed description of the structure shown in Figure
7 hereof. Each beam 40 has top and bottom flanges 45
and 46 on opposite sides of a central web 47, so that
the beam roughly resembles a wide flange or I beam

20 except for the presence centrally of top flanges 45
of two inner and two outer ribs 48 and 49 extending
upwardly from the top flange symmetrically with
respect to the plane of web 47. The opposing
surfaces of inner ribs 48 are serrated to cooperate

25 with threaded fasteners 50 which penetrate an
elongate batten or refginer bar 51 at spaced
locations along the bar for holding the bar on beam
40. A gasket element 52 is carried along each side of
the retaiher'bar. The margins of each piece of sheet

30 material 44 are doubly.bént to define an offset
flange 54 along each edge of the sheet.

-~ The several ?ieces of sheet material 44 are
ciosures_for the triangular openings formed by the
network of beams 40 and cooperating connector gusset

35 members in each minor_home 20. Aftgr the beams 40 in



suFfaces of inner ribs 48 are serrated to cooperate 25 wi th threaded

fasteners 50 whi ch pehetrate an el ongate batten or retai bar 51 at
spaced | ocations along the bar for holding the bar on b . A gasket
element 52 is carried along each side of the retainer b e i sof
each piece of sheet 30 material 44 are doubly bent to efinenggg%ggget

fl age 54 al ong each edge of the sheet. The_geyeral pieces of sheét
mat er+al 44 are closyres, for %he triangul ar openi ngs forned by the network
of beags 40 and c RIBRL cAPMechave gheer: 2aggembled, o SR ARIPSH nor

dome %0, After thedatPidfghlate thé- coRPBsHoNAL ngoMpdinavey bep mssd! ed

to span across an [iangul ate 1 he _correspondi ng openi g‘ﬁ$i n done 10's
princi pal struct u?‘aé Thek %llié THEUG Bﬁgﬁggeﬁ’%of%eqrﬁln(}}‘ed&ﬁ?%%l osed
by cl osure sheets ¥ the mimmorhdpmef arabbyosed Bgf icledurfe alhevtmimMiheet .
As each. sheetg 44 | | 1 i | e fit Jd recesses
55 defined i bean‘?‘%‘; b%fémg%ﬁgg%%hggﬁt géi?:ﬁgg4§’ffja%gg’$ﬁé‘d§‘dj§aﬂ§éen .

ri bs. Retainer bareach sheethéh hatputt dntheposddion,arifes edge 1llanges

secured to the be bynéflsf@@@ééeéogsAaek*ﬂﬁepﬁahewﬁsa% ﬂéxc}iee%;r?%aabe

t
gasket el enents 52 orC|b_g engage the sheet anges and _provi [
weat herti ght conne¥tom bibt 43 andether gdipeepdadinamadikguRe UL RER| udes

a connection fea]g Werd 551 apénthen %Q‘bébatoshiﬁ\éﬂsk@e@ &‘lra&#ges'ﬂémﬂ eaclh of
and w ih ad) Bent SHECTET EncthenBPomEnEYRRSI AR AP i far
connector nenber afastetermeareatightenbiy $8e gambet relemunts Zp 8, Is
T ey 2 BB ekl ~Edobte Al E PR O L1
' weathertight connection of the sheets to the beams.
- Bach truss 12 includes a connection feature
15 similar to that shown in Pigure 7 along each of its
upper edges for cooperation with rectangular truss
roof cover panels 57 and with adjacent ones of the
minor dome closure sheets 44. . A similar connector
member and retainer bar assembly .58, shown in Figure
20 8, is provided transversely of each truss 12 in
association with each of the aligned sets of minor
dome foundation members 39 for connecting together
the ends of adjacent truss cover panels 57. Each hub
" assembly 15 has a sheet like cover (not shown) which
25 is connected over the top of the hub assembly by
connectors similar to those shown in Figures 7 and 8.
Thus, upon completion of dome 10, its exterior is
defined by a series of individually flat sheets,
connected in a weathertight manner to the structural
30 . members of the dome principal structure network and
of the minor dome.

If desired, the inner surfaces of the
sheet-like dome closures (44, 57 etec.) can carry
thermal insulation of desired thickness. The closures

35 can be anodized or suitably coated for aesthetic
and/or protective purposes.



the énds of adj acent truss cover panels 57. Each hub assenbly 15 has a .
sheet |ike cover .(not shown) which 25 is connected over the top of the
hub assenply by connectors simlar to those shown in Figures 7 and 8. Thus,

upon cgppl®ion of dome 10, its exterior is defined by a series @f__*
i ndj vi u&? m@

4 ) flat sheets, connectéed in a weat herti ght manner to
strlct uxdl” 30 menbers of the dome principa8-structure network and of the

m not done. |f desired, the 4 a h egt-|i | osures
(44, 57 etc.) canrdcar ry theringﬂg]hgu%%;igﬁzgi?egf?’@d%?ﬁ'c"%’g.teego.rﬁée% R
cl osures 35 carleseripidionsl thatuweach| gf ctheeperdmedest iediosprasd/r -
protective purposese gome? i arfé-stiudbhbeRyanRRyaRa LM RS0/
descriptions that each of the perineter closures 21 of done 10 are .
structural |y defi rfedaeT iSikdlag to BiRAANEPMERN20ar ASo nAtedk ahaies 20.

As noted abovge, 5 howdW¥¥eVethe H6r DRELEBL 81o8LPSHI @K tRHIENE Rl ethddwse

of trusses 12 which_define do truss ri- 18 .and the foundati.on a ase
ring arrangement AT (HASRES e‘l’hb?htﬂgméggﬁﬁedag‘es%'msi ﬁ'llfﬁ&‘)dri az{hdﬁﬁt&

t'he foundati ons eufdﬂnﬂaMiégmaﬁd piséheidgnareaagementgert he pdmimetmort
ransmied via ¢ o GRS OV Ret el LABFS: 2| GRIECs THR 41 gni 11 cant
feature of a dome fawrgdaikiens cathtbei pechmederi oft Hine idome ammpreangs#d a
Doentnbs oo he /S5, SERGF AT SO HagaeoREshe i
with the primary f¢kefnze 2h@RerEAgeArTy the dosdsatansnittbadirels stheat -
the primary frame gafobeiiéstfeld Wwhe perinakey @losures. -
A significant feature of a dome according
to this invention is that it is composed of a primary
15 structural frame closed by secondary mini-domes which
span openings in the frame with minimal bending
stress and which share loads with the primary frame
to add strength to the dome. Another feature is that
the primary frame can be erected with virtually no
20 shoring; it is self-shoring. Another feature is that
the mini-domes can be preaseembled on the ground
under the primary frame, and then hoisted into place
by use of small winches and stiff legs suitably
located on the primary frame. The mini-domes do not W/
25 have to be assembled directly below the primary frame
' openings they will close. A further feature, among
others, is that the primary frame serves as a
construction catwalk. After construction of the dome
has been completed, the dome provides ready access by
30 personnel to all locations in the dome via the
catwalks afforeded by the trusses and hub assemblies.
Thus, lights, sound systems, and air conditioning
systems located in the dome can be reached easily for
ad justment and maintenance as needed. The dome has
35 low maintenance requirements in view of the



20 * shoring; it is self-shoring. Another feature is that the m'ni-dorreé
.can be preaseenbled on the ground under the primary franme_~e&ad then hoisted

into place by use of small winches and stiff |egs suitabl dated on the
primary franme. The mni-donmes do not 25 have to be as et d dy |y
bel pw the primary frame openings they will close. A further feat ;z-anong
othgrs, is that the primary frame serves as-B3<€onstruction catwal k. After

construction of t Mﬁgwt@ﬁ% , p i r ccess
by BOﬁ\ per sonnelrbesto a catl ]gé)irﬁr%ﬁégd%%f?/?gmt%ﬁeéggt \%g%'kse%%g%i&f?eded
by thg trusses andeparaemature ohukts | ¢gppenestandIsgivédpraland air
condi tToni ng syst eodul@tErbndh fd16 klofe CabtdRi bpagked 82Sihy [¥me can

adj ust nent and nai_nt enance af ngﬁ.,ghe donme has gi |%1W mai nt engnce
requirenents in vitly iPLared e 1151 1§CLRFRTE - dBLPGm O SOTRRARNG ¢ he
eﬁsi ly repar asblk_e rca.ﬁwsﬁtm;e o8 ﬁmrmnswb ;Fcrégtife&_i ﬂ?at_hfel fasree severallys i n
the exterior skin of t one_can be ye ed gagily if necessary. :

t he conpound 5 %‘fﬁ‘(/ea‘flﬁlén%’f ?‘Fée%lo#r%(?a %a?gd%%ﬁ {nﬁgen&e@s@. v@rugle)'fs‘{)
curved m nor donmeovercsll ydanie  hiss roestlyeti ¢gllyratbliractisiel addnhas s
aesthetically attr j 14 ab kG Ch C jsStifs. The
dome can be erect eﬁinyﬁ?%%%ﬁm%?ﬁ inf?'rgséegi‘;?%%-séoﬁaﬁﬁgld.ﬁ

A donme structure dfe REgGaf plmnfekat peelyeshartotiimene arranged to be

supported on foundation neans along said outline and to provide a 5
cl ear-span covering over a space bounded by the

—



f oundat i on nmeans

f oundati on aeans for spanning the spac

K
,r‘
/ v

, the donme structure conpr|5|n rlnary net wor k of
i nterconnected structural menbers arra N‘h % ed by the ~, .
t

nmeans, f
di vi inq
boundar

t he princi pal

finin

substantially al on
for closing the cofpasjatdiomymemars ragldng ssaichtdnetligét amdnter prdvide a
dose structurs acc

primary network
lines across the pfpﬁ@ﬁﬂélloéum%@tﬂﬂse die t@@%@@”%?'ﬁuﬁﬁuﬁémpglsl ng

done structure according to qlggi me2 pihigisin S8 o SL0FESE BtErRBRRRed

interrelated to 30

define sai enin s at _| east predon1nant|
substantially tri afg EP& U3 ﬂﬁﬁieéé arrh anged {3 ke sERRPLEEda oﬁ%%m)to
claim1l wherein Safdu@ﬂemul@gs meraﬁéwequrlmynmgwahd; specéefhonededt Yyeast

predoninantl as S
A done struc re a

structural

assenbl i es,

menber scumprtm's @lfortgmt done dgtncterss aséerﬁbh'i 4 vdrdd rigult he

g a principal curvaturt of

R18b00ha £ AVD WNSHAID 4 NEustd UsbunalaTeIbRES Of the

geodesi c

are-arran e | east om nan

488, o T maardncr el RO RbREnr P ABEIEPR

_the foundation:
e dome structure, and for
principal curvature into a plurality of openings of s&7&ed
At guration, and (b). a correspondigig plurality of discrete 15
m nor dome assenbl i es egch having a curvature substantially greater than
cur vEE&EESof the dome-structure,

having a perinetrah, conf|guratu@memﬁtﬁuﬁﬁuﬁéI@fc@@giﬁ@@tpnanrbemboundgdy
configuration of the corres ond| n d -connec
BErRBeuRRny B e ratiiib be DS FREBEFERE: et wor k

each minor dome assenbly_,

A

the hub 3338l BRI {098 Purality of openings of

15

20

25

30

35

selé%ed boundary configuration, and

(b). a corresponding plurality of discrete

minor dome assemblies each having a curvature

substantially greater than the principal curvature of
the dome structure, each minor dome assembly having a

perimetral configuration substantially congruent to

the boundary configuration of the corresponding

opening and connected substantially along the enti"ety

of its perimeter to the primary network for closing

the corresponding opening in a weathertight manner.

2. A dome structure according to claim 1

A

wherein the structural members of the primary network _/

are arranged at least predominantly along geodesic

lines across the principal curvature of the dome
structure.

3. A dome structure according to claim 2
wherein said geodesic lines are interrelated to
define said openings at least predominantly as
substantially trianguiar openings.

4. A dome structure accor dlhg to claim 1
wvherein said openings in the primary network are
defined at least predominantly as substantially
triangular openings.



.

5 i nt’er connecting plural ones of ttretTuss assenblies 6. A done
structure according to any preceding: east sone of the
m nor dome assenblies are conprised ofuglﬂ}amﬁmﬁ“ﬂmg 'l\ork of Gt ur al
menber s spanni ng the correspondi ng pri  netwer k openi/Qs

dividing the m nor dome curvature into a plurality of aperturg
cl ostre neans cooperating with the secondaryznetmnrk for closi

apertures. 7. : A done gt u or.di ), '
Caimg wherein thg struct urgl a‘r%%%bgr%rﬁgg eac%% St rié)?éo scg%%}f&a y network
are ar@nged at | e¥BETRLBISARNRALMATY] B6F wgstd e It ural aeembsrshe

curvature of the ncpgpridsseel8ngate strhiFeRe t3hi, slg:tégé'en?ﬁ?ﬁg'é'ﬂdtﬂuﬁl aim
7 20 wherein said gag esi c lb ;ugue interrelated to define sa
a

apertures at |east?2&fP REnt Fye BSSembldes heins AL ERngdentAgs. O.
A gome structhre atobedcognecting pﬁﬁ@&&dbmgsﬂdﬁIﬁhﬁ“ﬂfﬂgﬁti@%@ﬁg§yég
means conprise 25 6. substanklalh § %LLKG el ene 4%:5 di sposed acroas t he
apertures. 10. A donme §trac ure ECHE AT ® L BFRCeELRE
sheet-1i ke el ement claiBusbezainakity lepat isomer dify tife imsnomrdoms. 30 11
A done structure agggégbmgegoaa@yCghgcqgghp%fﬂenégégmaémur§%g§ga§ kong
the boundary of at |east sonme of sald openings for.carryi'ng 10ads o

m nor dome assenbl?téggﬁBré@eﬁeﬂpﬁﬁsaS@GWMQgﬁbmquyQﬂﬂﬁﬁngméknasBramaPy

structural mggber astworhou@dmwgbharﬁpamv&mMg amadi fgsPtg shoor done
assenbl y. -22- uc ure accordlﬁghto Claimb5_ wherein

a{»ieast sone of tﬁE‘Y? Egeaﬁﬁgﬁuﬁ Régé Litdgof apertures, and closure

means cooperating with the secondary network for
closing said apertures.

7. A dome structure according to Claim 5 or to
15 Claim 6 wherein the structural members of each minor
d ome secohdary network are arranged at least
predominantly along geodesic lines across the
curvature of the minor dome.
8. ' A dome structure according to claim 7
20 wherein said geodesic lines are interrelated to
define said apertures at least predominantly as
substantially triangular openings.
Q. A dome structure according to any
U preceeding claim wherein the closure means comprise

25 substantially sheet-like elements disposed across the
apertures.

10. A dome structure according to claim 9
wherein each sheet-like element is substantially
flat inwardly of its margins.

20 1. - A dome structure according to any
preceeding claim including means along the boundary
of at least some of said openings for carrying loads
of a minor dome assembly associated with a
corresponding opening across a structural member

35 bounding the opening to an adjacent minor dome
assembly.



defi ne personnel catwal ks. 13. A do accordlng to daim5s
or to 5 Claim12 including pin c “mji ﬂ[lﬂ i'nt er tonnhecti,ng-t he

truss "and hub assenblies. 14. accordlng to any one

of C ains, 2 and 13 wherein the truss assenblles afe of open framw®rk
congt ruct snd have substantial 10 wi dt h,and dept h, and incl uding
means for Jdi ng the tops of the truss assen%lles I n a weat hertight
manner. 1% Al 2lome strktdere sgtonetwre t aced ai ings twhdllaiim tthe neans

for closing the toR?hé)zfeiﬁea’E ri’é&sﬁLSsome agpephl i esuggﬁafddS%@&tEééé}ﬁbf}iy

flat sheet nenbers dome structure according to any preceeging
clai m i ncl udi ng tenﬁﬁf#ﬁﬂnﬂﬁﬁﬁQﬂﬁmkr%ﬂ?VEﬂk@th the primary network in

association with thez20 foyr@l@,gé O&Fﬁéﬂﬁréoéc%hﬁl'@ tdprlﬁasitﬂ USCtalF e o
| oads acting rlzo taIIy %Eiggfgthereof 17. od of erecting

a gl ear - span %aanh%QPﬂﬁcﬁlﬁérPﬁ€¥§# T sel ected

pIanfgrn1canf!guralinme*éhsnaethng tnmptrﬁssgahbehai ifsﬁmﬂmidé (a).

provi di ng hori zont vertjc Qrting fqundatio

t he perineter, (b)a4%rect|ng @ém%héggﬁgﬁg ?ﬁ§8hgﬂﬁg Féh%ﬂgf%nﬁaﬁé ns a

princi pal network o¥l8ims 5j nﬂ%ran«hneﬁthheseuncthealtmd)ersssembbm“\ﬁea

erected. span the spaoepe fcFtafe foPE| 05hRRLuARTBShLUC 1S WHNPLaleys N
ara

subdi vi de t he rincrp curvature into ap openi ngs ect ed
boundary confi@uraiwbmthnaﬂﬁedﬁbthmr%ndah601ud2380m€§ms(ﬁQE|¢kP%%E& thed

opening W th a corrgsponsle Nghé eerPRSSr ¥s§OHB1 86 5UEMURE WAL i ght

manner. _ _ wa
15. A dome structure according to claim 15
wherein the means for closing the tops of the truss
15 assemblies comprise substantially flat sheet
members.
16. A dome structure according to any

preceeding claim including tension means cooperating
with the primary network in association with the

20 foundation means for carrying dome structure loads
acting horizontally outwardly thereof.
17. A method of erecting a clear-span dome

structure over a space having a perimeter of selected
planform configuration, the method comprising the
25 steps of
(a). providing horizontal and vertical load
supporting foundation means along the perimeter,
(b). erecting over the space between the
foundation means a principal network of
30 interconnected structural members which, when
. erected, span the space, define a principal dome
structure curvature, and subdivide the p‘1n01pa1
curvature into a plurality of openings of selected
boundary configuration in the network, and

/

?



cd?vature substantially greater than fﬁgﬁﬁrrﬁErﬁér‘Curvat 2, each
y fully mated

.secondary . domg structure having a”" ubst 3 2

to and supported the nenbers of t ’m mgnmﬁH!@ork ¢ pheral |y of the

correspondi ng opening for transfer*tofthe princl net Wo of %ﬁ ds of and

app¥ied to the secondary done structure. The n®

acchrding to claim17 in which the step oLzﬂiwlng each openlng |ncludes

the further steps, perforned th JI8sRe 0 | east Sone e_openi ngs,
g SRR e L

of assenbling each correspon g seco &1 LRQ%R% %Iw otati on
ot herythan at 15 corwsﬂmanmlmansagunﬁany Guimec i st udien e cloanding  alone

structure across t@%4W§ﬁﬂH¥“§u ﬂghfﬁ&:g?éﬁmalr%ﬂ '3g¥gﬁg%?§imnrk

menber s defining the opening, and connec secon ucture
to the principal n@ﬁmﬁﬁﬁUﬁ@wb@@§huﬂ§ﬁ%ﬂﬁ%¥ﬁI%DQﬂxﬁﬁrw¢ﬁHE® havpagi aet er of

the secondarysdome galruylye sulfbtant 1ally UOWELS id6dd €0 SthE! 8Bbbak LY as,
“herei nbefore described wi th refereE e to the acconpanyi ng draw ng

A method of erecti fé¢€a B§FRE *st QAfct PZ’S’“““E?J@S@%WI‘P%‘FIgﬁ*a%P]Fl%f%HaEef ore

descri bed. of the corresponding opening for transfer to the
principal network of loads of and applied to the
secondary dome structure.

10 18. The method according to claim 17 in which
the step of closing each opening includes the further
steps, performed with respect to at least some of the
openings, of assembling each corresponding secondary
dome structure at a location other than at

15 the pertinent opening, placing the secondary dome
structure across the pertinent opening to mate with
the principal network members defining the opening,
and connecting the secondary dome structure to the
principal network members substantially about the

20 perimeter of the secondary dome structure.

19. A dome structure substantially as
hereinbefore described with reference to the
accompanying drawings.

\_ 20. A method of erecting a dome structure

25 substantially as hereinbefore described.




