2223289-1 A JO NT SYSTEM The present invention relates to a joint system
and in particular, but not exclusively, to a joint systemfor a space
frame. Space franmes can be defined as a three di nmensional assenbly of

el enents resisting | oads acting on the franes. Nbstrspaﬁeyt{ s include a
skel eton frane constructed fromsteel due to its stéhéthaﬁd rE§ghtness
properties. Space franmes are extensively ased to cover |arge and
obstructive areas such as sports stadiunms, assenbly halls, gymasiuns,
shoppi ng arcades, sw mm ng pools, exhibition pavillions, hangers, churches
and industrial buildings. Double |layer grids, barrel vaults and dones are
all exanples of space frames. Furthernore space franmes nmay be non-1| oad
bearing and in which case are prinmarily for decorative purposes. Commonly
known space franes are of doubl e-1AydQINT SYSTEM | ayer types. A
doubl e- |l ayer space frame consists of top and bottom chord nenbers, which
may be | ongitudinal or lateral, and oblique web nmenbers bei ng '

| nterconnectgd, bY 8L 2L " nd nkggh reih to?4%501R Gysten ana in

particular, but not exclusively, to a joint system for a

space frame.

Space frames can be defined as a three dimensional

assembly of elements resistigg loads acting on the
frames. Most space frames include a skeleton frame
constructed from steel due to its stength and lightness
properties. Space frames are extensively used to cover
large and obstructive areas such as sports stadiums,
assembly halls, gymnasiums, shopping arcades, swimming
pools; exhibition pavillions, hangers, churches and
industrial buildings. Double layer grids, barrel vaults

and domes are all examples of space frames. Furthermore
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gspace frames may be non-load bearing and in which case

are primarily for decorative purposes.

Commonly known space frames are of double-layer or
'single-layer types. A double;layer space frame consisfs
of top and bottom chord members, which may be
longitudinal or.lateral, and oblique web members being

interconnected by a joint system. A single-layer space



2 frane ‘consi sts of chard nmenbers arranged in a hexagon and/or a pentagon
belng co- joined at a’ node or 'connect or . The npst inportant conponent of a
space frame is the joint system connecting the skel eton structural menmbers
to connectors. The structural strength and the cost of production of the
joint systemcrucially affects the rellabllgty and cost of the space frane.
Al ai mof the present invention is to provide a joint systen1for a
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According to the present invention there s prOV|ded a joint system
conprising a bolt having a bolt head and a shaft, an annulus, and a collar,

each of the anThéumossdimpereahtaeohpeneatt be ahabthXEeadbnﬂsthﬁ@ethrough,
the bolt head being arranged to bear agai nst the annulus, said bolt being

rotationally cbohattegstemaudnhebﬁingptheeskalbhonceth&bthxameabmbeﬁsa
transverse pin positioned between the collar and a flat portion extending:
al ong a part ototﬁ@nneﬂggnSof The stafictypaledtrength and the cost of

' production of the joint system crucially affects the

-reliability and cost of the space frame.

An aim of the present invention is to provide a joint
system fo; a ﬁultiple-layer or single-laye: space frame
which may be either load or nod-load bearing. The joint
systemnéonnectslskeletOn members thch consist of
circular tubes or other hollow sections to solid body
cdnnectdrs which have a élu:aiity of threﬁded passages,

- thereby forming a space frame.

According to the present invention there is provided a
_\;,' : joint system comprising a bolt.havipg'a bolt.head'and a
shaft; an annulus, and.a cbliar, each of the annulﬁs ﬁnd
the collar having the shaft extending therethrough, the
bolt head being arranged to bear againét the annulﬁs, |
said bolt being rotationally connected to and held
- captive in the collar by'means of a transvérée pin
positioned between the collar and a flat portion
- extending élohg a part of the length of the shaft spaced
~ from the tip of the shaft, such that the bolt and the
| collar turn together-while permitting only limited axial



fromthe tip of the shaft, such that the bol t and t.he collar turn together
while permtting only limted axial 3 rel ative movement of the coll ar

and the ‘bolt shaft. By way of exanple, an enbodi ment of the present

i nvention will now be described with reference to the acconpanying

.drawi ngs, in which: Figure 1 is a: schenatPc side view of a joint system
taccording to the enbodrnent of . the present invention coupling a skel eton .
menber to a copnector; ure chena ic crg tion through the™
pl ane X- X shb®haF VPr@BV@ EntFPﬁqu°3°P§ arseR8rkhec PiF gF§Fron of three
per pendi cul ar views of the bolt according to the enbodi nent of the present

I nvention; Figure 4 is a schematic illustration of two perpendicular Vi ews

of an end coy 9By BrOUkEng1bS nSCHEERLKGRE! biESLhQ! pRBsghes de and end
views and a cfose¥secton Bn bl a e collar~accor |ng to the
embodi ment . RRLERELEA 41T aurzeselaaaérzbetaheual .%f%!‘%h%@ t@meheses four

maj or conponents 't 2, an annulus . in th
accompanyzng drawings, in which:

Figure 1.1is a schematic side view of a;joint system
according to the'embodiment of the preseﬁt'invention

coupling a skeleton member to a connector;

-
Figure 2'shbws'a-schematic cross section through the
plane X-X shown in Figure 1;
; Figure 3 is a schematic illustration of three
perpendicular views of the bolt according to the
embodiment of the present invention;
Figure 4 is a schematic illustration of two
perpendicular views of an end cap; and o/

Figure 5 is a schematic illustration of side and end
views and a cross section on plane %%, of the collar

according to the embodiment.

Referring to Figures 1 and 2, the joint system comprises
four major components: a bolt 2, an annulus in the form
of an-end_cap'3, a collar 4 and a pin 7. The joint |

systems provides coupling between a skeleﬁon'member_in
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of an end cap 3, a collar .4 and a pin 7 The joint systems provides
coupl't hg between a skel ef-on .fember i n 4 the formof a tube 1 to a :
cdnnector 9. The end cap 3 is provided with a passage sufficient to allow
free novenent of the bolt 2 which is slotted into the end-cap. The end cap
3 is secured to the tube 1 by welding, adhesjves or other means suitable
for the securenent at position 5. The end cap 3 acts as a bearlng agai nst

t.he bolt head n the join ystemis under a tensile force.' The bolt
head 11 rmay ha%x %% fala "I‘r‘é%?ag‘oﬁa B CAREG %ép Thee G camil 1D i s
t hr eaded. The r e the end ca as .a e sufficient to
-allow free m)v ra"d(?é Ig‘oc?l g zftﬂf ﬁ':f%iézg‘ olﬁ eoe slotted
over the bolt e Py d a flat
groove 8 al ong%‘pg{r%til S%O\Mﬁetfglﬁlz Hﬁ fztgwshg'g%eg' f%&% s?%\qot '{hm dept h
of the groove @aps MrpaTesRd gagig t4h der
%ssy e dad MRisMseRulried %J%'%u@ie 1 %,wetm%w

tensi on. Preferabl e depth of the groove 8 is equal to the radius of the

pin 7 and the aBhpsiwest b ¥herifestis BA tALIQY Eot ithd @etdénient aduce
- stress concentration. _
position 5. The end cap 3 acts as a bearing agalnst the
bolt head 11 when the joint system is under a tensile
force. The bolt head 11 may have a'circular; hexagonal

or other shape. The bolt tail 12 ie-threaded. - The

collar 4, like the end cap 3, has a passage sufficient

to allow free movement of the boit 2 and enables the'

collar 4 te be slotted over the bolt 2.

As shown if Figure .3, the bolt 2 is provided with a flat
greove 8 along-partuof the bolt shaft spased from the
shaft tip. The,depth of the groove 8 is minimised to._.
maximise the strength of the bolt-z under tensiOn.
Preferably'the depth of the groove 8 is equa# to the

W, radius of the pin 7 and the shape at the two ends of the

groove 8 is rounded to reduce stress concentration.

Figure 4 illustrates the end cap 3 having a coaxial .
passage 13 sufficient to allow free movement of the bolt

2. The end cap 3 has an outer and an inner diameter.

The outer and inner diameter'are_equal to the outer and

inner diameter of the tube'l respectively. The end cap



Flgure 4 |Ilustrates t he end cap 3 haV|ng a coaxial. passage 13 sufficient
to all ow free novenent of the bolt-2. The end cap 3“has an outer and an
i nner di ameter. The outer and inner diameter are equal to the outer and

i nner diameter of the tube 1 respectlvely The end cap 5 3 is plugged
into the tube 1 and secured by wel di ng, aghesives or any other neans at
position 5 depending on the nmaterial of t e respective parts and the
strength re ust es,the,col | ar ered sides but %

havi ng an isﬁje‘{?emg?l‘g‘-ilf tegtlgl ‘F?cf‘gﬁ? } o284 8RFEFe Wthﬁ%ﬁff‘gf the bol t.

whi oh enabl STeaETER O Shy o PhEshEKhE Phe boft 8 S BNt BN L) -
hol es 6 i's MRS k@bl 31 o8 th N'Besbleahd 5UPDE Sha! EReBLESnEEnCONST Stent

with the size and shape o e too ey. A passage 14 I's provided on the
side of the fged-mhlch alloms the pin 7 to be inserted. The |length of
the -pin 7 should be Iess than the | ength of the passage 14. \Were the _
passage 14 intersects the central bore of the collar, the passage fornms a
Figure 5 illust:étes the collar 4 with-tapered sides but
héving an internal diahéter sufficient to allow frée :
‘movement of the boltfz;. The sides of the'collar 4 are
provided with a number of key holes 6 which enable a
tool (not showﬁ)-to turn the collar 4. . The huﬁber of
key holes 6 is preferably six and the size and éhape of
the.holes is cpnéistent with the:size and shape of the
- tools key. A passage 14 iS'provided on the side of the
collar 4 which allows the pin 7 to be inserted. The
length of the p;n.7-shduld be lgss'thah the length of
| the passage 14. Where the passage 14 intersects the
| central'boré_df the cbllar, the passage forms a
sémi-cylindrical recess in the collar in register with
the flat groove 8, so that the pin 7 is positioned \;)

between the flat groove and the semi-cylindrical recess

in the collar.

When the collar 4 is slotted onto the bolt 2, the pin 7
is inserted.in ﬁhe_ﬁﬁssage 14 and slides along the flat
groove 8 of thg bolt 2 to preveht the collar 4 from
slipping.off the bolt 2. The pin 7 holds the collar 4
and the bolt 2 together and also guides the bolt 2 to

turn while turning the collar 4. The bolt 2 is screwed



sem -cyl'indrical recess, in the collar in reglster ‘wth the flat groove 8
o] t'hat the pin7is" pOSItloned between the flat groove and the
semi - cyllndrlcal recess in the collar. Wen the collar 4 is slotted onto
the bolt 2, the pin 7 is inserted in the passage 14 and slides along the
~flat groove 8 of the bolt 2 to prevent the collar 4 fromslipping off the
"bolt 2. The pin 7 holds the collar 4 andéthe bolt 2 together and al so
gui des the bolt 2 to turn while turning the collar. 4. The bolt 2 is screwed
6 into the connector 9 which consists of a solid body having a plurality of
ri ght-hand threaded passages. The bolt 2 is screwed into the connector 9 by
turni ng theiotbl she4connecthes Powhiehgagnhejstecofep Boléd Bodgn opening 10
just above the end cap 3 on the side of the tube 1 is provided so as to
aIIOM/anothéﬁvﬁééla(ﬁgpréﬂéﬁﬁ)°foFéH§§sh?né kbreadeddrassageshat Thee first.
t hread of the_bolt can en ge t he t hreaded passag8 n the connector 9.

t

The j oi nt s?QﬂénFlﬁFePEGﬁﬁE ntp, Lhe,FORNRELARE, & tHENiBANERLOr at any
angl e to.en%ghearlqgw%tgrtgg oga_engaging the key holes 6. An

opening 10 just above'the end cap 3 on the side of the
tube 1 is provided so as to allow another tobl'(not
shoﬁn) to press the bolt'head'll'so that the first
thread of the bolt 2 can -engage the threaded passage in

~ the connector 9.

The joint system inte;conhects'structural members to the
~connector at any angle to enable single or multiple
layer grids, barrel vaults or domes to be'constructed.
The joint system may be constructed froﬁ steel,
stainless steel, aluminium.'plastic and any materials
consistent with the materials of the frame members and

connectors.

When the jeint s?stem is'uﬁder a somp:ession force, the
tapered end Qf the-collat 4 bears against the connector
9 resisting the compression force. The thickness of

this tapered'end is designed according to the magnitude

.of the compression force.

The aforesaid description has been'given by way of



Iayer grids, barrel- vaults or dones to be .constructed, .The joint system may
be constructed from steel, stainless steel, al um ni um plastic and any o
"materials.consistent with the materials of the frame members and

' connectors. Wen the joint systemis under a conpression force, 'the tapered
~end of the collar 4 bears against the connector 9 resisting the conpression
force. The thickness of this tapered erd i s designed according to the
nagnltude of the conpression force. The aforesaid description has been

gi ven by way of exanple only and it will be appreciated by persons
ski.lled in the art that nodifications my be made without departing from

t he scope eXanipl® Pnaycind iteniiildn.be apptedidithdd by Adr@ons system
conprising a bolt having a bolt head and a shaft, an annulus, and a collar,
each of tiskilled in the art that modifications may be made

without departing from the scope of the preseht

invention.
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annulus and the collar, having the shaft” extending therethrough t he bolt
head” bei ng arranged’to “Hear - agai nst the annulus, said bolt being
“rotationally connected to and held captive in the col | ar by neans of a
transverse pin positioned between the collar and a flat portion extending
along a part of the length of the shaft spaced fromthe tip of the shaft,
_ éuch that the bolt and the collar turn together while permtting only -
_¢|n1ted axi al cf. gk @kl ve novenent of the collar and the bolt shaft. 2. A

j oi nt systeﬁrag‘cﬁarned inclaim1, in which said pin is positioned between
the flat portion and a senmicylindrical recess in the collar. 3. Ajoint
systemas clained in claiml1 or-claim2, in which the joint system provides
coupling between a jbthet spstemneonpiisingnd DoteNhAiag atbodt] Bigdald System
as claimed in claim3, in which the annulus is fixed to the skeleton.frane
.menber and t heandhaf shafft} hanbanhnhulssfi aad &ocoldacpneachoof thed 5. A joint
systemas clained in claim4, in which the annulus is welded to the
skel et on frangnnghggraaﬂdthpecollar having the shaft extending '

therethrough the bolt head being arranged to bear.
against the annulus, said bolt being rotationally
connected to and held captive in the collar by means of

a transverse pin positioned between the collar and a

flat portion extending along a part of the length of the
shaft spaced from the tip of the shaft, such that the
bolt and the collar turn toéether'while permitting only
limited axial relative movement of the collar and the
bolt shaft.
2; A jpinf system as-ciaiméd in claim 1, in whiéh said
pin is positioned between the flat poition and a
‘semicylindrical recess in the collar..

U

3. A joint systenm as claimed in claim 1 or claim 2, in
which the joint-éystem provides coupling between a

skeleton ffame hémber_and a connectbr.

4, A joint system as claimed in claim 3, in which the
annulus is fixed to the skeleton frame member and the

shaft of the bolt is fixed to the connector.
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shaft of the bolt and the connector are pr-ovi ded mnth the screwt hreads . ;

t her eby enabling the bolt to be screwed to the connector. 6. A 10|nt syst émy
as clainmed in claim4 or claim5, in which an opeéning is provided in the
“skel eton franme nenber to enable the bolt to be pressed towards the

.connector for fixing therewith. 7. A jointg systemas clainmed in any of the
*preceding clains, in which the collar is provided with a nunber of key .
hol es for engaging with a key thereby facilitating the turning of the M
collar and bolt. 8. A space franme conprising one or nore skeleton frane .

menbers, onespr AOKR LG BSEHANS aBElAain@d s\ lladR a5 dmivEckH gy one of
the preceding clains for coupling each frame nenber to at | east one
connect or. 9anAujlaisnt ssweildads s tthre isdidlye taom rfe:amen ntmthme ek dtheébed with
reference to the acconpanyi ng draw ngs.

"shaft of the bolt and the connector are provided with

the screwthreads thereby enabling the bolt to be screwed

to the connector.

6. A joint system as claimed in claim 4 or claim 5, in
which an opening is-piovided_in the skeleton frame
member to enable the bolt to be pressed towards the

connector for fixing therewith.

7. :A joint system as claimed in any of the preceding

. claims, in which.the collar is provided with a number of
key holes for engaging with a key ﬁhereby facilitating
the turning of the collar and bolt.

8. A space frame comprising one or more skeleton frame
memhers, one or more connectors and a joint system as ;,- \_)
claimed in any one of the preceding claims for coupling

each_frame member to at least one connector.- :

9. A joint system substantially as herein hefore'

described'with reference'to the accompanying drawings.
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