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25  The present invention aims to provide means and methods which may be used desirably to

assist in addressing some or all of the problems identified above.

At its most general, in certain aspects, the invention is to employ surface-standing bollards
each attached to one of several separate foot parts each adapted to lie across a ground or
30 floor surface and be coupled to at least one other such foot part by a flexible coupling line. In
this way, a plurality of bollards may be placed upon a ground or floor surface separately and
individually, yet collectively define a much greater barrier of mutually coupled bollards which
present a substantial barrier, due to the mutual coupling, without requiring ground excavation
to achieve that effect. The use of a coupling line at the foot attachment of successive bollards
35 also enables great flexibility in the configuration and arrangement of successive bollards and

the shape of the barrier produced by them collectively.

In a first of its aspects, the invention may provide a bollard apparatus for use as a vehicle

barrier including: a plurality of bollard members; a plurality of separate foot members each
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The bollard or bollards attached to a foot member are preferably offset to one side of a surface
30  of the foot member (e.g. a plate). The periphery of the foot member to which the bollard
members are closest may be considered to be at the front of the bollard apparatus and the
periphery of the foot member furthest from the bollard members can be considered to be at the
rear of the bollard apparatus. In use, it is the front of the bollard apparatus which may most
desirably be presented in a direction from which vehicular impact is to be expected. Impact
35 forces applied transversely to bollard members at the front of the bollard apparatus may urge
the bollard members to tip away from the impacting vehicle, and this tipping movement is at
least partly resisted by the parts of the foot member extending towards the back of the bollard

apparatus away from the impacting vehicle.
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30 spaced from a nearest opposing bollard of a neighbouring foot member along a spacing

direction substantially parallel to the direction along which the respective attachment means

(e.g. an attacher(s)) of a coupling line are concurrently spaced.

The at least one coupling line preferably extends between opposing parts (e.g. edges, or
35  otherwise) of neighbouring feet. It is preferably connected (e.g. removeably connected) at its
ends to a respective one of the opposing parts (e.g. edges). The at least one coupling line
may be attached at one end to one foot member and the other end to the other, neighbouring,
foot member. In this way the at least one coupling line may be attached at each of its ends to

a respective one of two neighbouring foot members. Alternatively, the coupling line may
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10 The exposed part of the pin, rod, bar, armor shaft, together with the
conduit (or conduits of a pair) formwth the part (e.g. edge or surface)
of the fow0evbers9an arrangenent (e.g. l|inker, coupl erpcir@B2oteserapl i ng
line to link to or around to couple to the foot menber. The pin, rod, bar,
armor shaft is preferably slidingly renpveable and insertable into one,
some or all of the 15 conduit bore(s). The attachment neans (e.g.
attacher) ma%ﬁe onprise a plurality of separate (and separab]l eé such_pi ns,
rods, bars RS sfacerRd fredoqimeatyeiralre 5en Néb’?‘?%‘?ﬂséeeéﬂb"”ﬂeéﬁﬂ% Breelofee af t er
t he ot her, osnduitiepectiensd sondait e DRegSIITERSAs adraiC Andopefdiably holB@artesfampl e,
wher e there r I th
thel r conduPl ash caner i B S RIERAPRKL: & pad BT IoclE oREE AN T
register. A%%ﬂ?ﬁ%c%‘ﬁ@tsp”l“h emP'@de Bgrresngetive gendigiores may tP?a‘y re@steretea@libl y
insertabbke mTRe sﬂmmetpm rdd arrbiint biddheft Gostpd inntee &paaeSetweerttaadma GorﬁiuﬁistTDn
gﬁ{)';t(ere gl ngps%%h grgalrsglihere%y exposeéfl éorﬁeth{en{mglﬁereA\I paq nfaIBe %eremeypln a/,[%grb ré’n in
successi on poshethmay e bejd WItmree#cwsewgtsbacaﬁ mngim.twdmrtaf th«ysar@egmletrecf gdr, aondui t

bores. O hepr MditaXGRIRYbeWeeE s@cbAFRNRAL RIS &) Kb eBobRCRELIbw Ahdh to
nbers of a bollard apparatus and the at | east one

possi ble. 25 Tge f oot rrg
bol I ard menB&°8 %7 tARH9d %0 t hem are preferably arranged such that opposing
parts (éOg edges or surfaces) of the foot parts, when positioned in spaced

opposi tion, Taf @xp%k&jhpatﬂhﬁ%etd}? rddMBaf &R o' ERSH, t&%lﬂeﬁ%%th@fcoﬁb%ltgct?t&el'ﬁjd‘ulit@gf:I oot
menbers are pasi ti onab %St er to Concurren | | ace in regi ster

those 30 pPﬁ@é%rmd’t‘Ithtth%p%b‘ﬁ@sF P arface) A the fo%tdbeé%beb?” ariFugpeae. Sf"”ker

nei ghbour i ngoupeot fonterbauptngitnewb litkto ar @@ugH toanypl@to taé fopt giember. dhe lbpasi, one
oD 0 ) B8 i G IEAL Qo Ul Bl SR Snd o RIIABONE <o PN oFITORT -
Preferably, Ines are renovabl e attac ed to

are adap® edc?"tﬁiult)éore@ii F'@r@ﬁ?&[’dﬁ%ﬂt@ieﬁaﬂ% aftgcheq May OPPHSI %@U@HVPES‘{P@%G
edgﬁs or SU(d‘nd%@ﬁe)rab&’d)@u@ltdir&ﬂbﬂ?fbtarsnﬁ&i@%rét%ftgwhlal:jlmail bambé&tab®)ahd ldeatae at
each respect|yv 0sj. Ng surface efer e
opposi ng at [ﬂfe o%her orqr?d’e%er(d%n algggg eesro S 3r eg(ghsgz)ocnldual %o% eﬁ%)rﬁyle wrhe e | east
one coupl i n{iﬂerq e aam@ralﬁmpbegapgﬂ tand eifsathey mel fosearrapgagnwithhigeit oendaib pssi (ﬁg near
nmost bol | ar dsre®fif thé 8ot &fbb@ué)hﬁl%efx%@lée RRADArSmMaR s Bms%dOIBHIPO&PnW shait | ar ds
are in gister. Prefe Fl Y {)I WO 201?/ 01443PCT/ GB?OlZ/ OSOJr texarrpl e,
the att&achnEhY br?erziH‘SV?aéPV InseLRPI 17 SEMBICL 45 ) LliplCat e MR 1S 4t 1988t O che
coupling i n@nmannbre(eigaeﬁlwe@r swfaog pbs foagmenaldrs Afenajivelp dgesalghorgupinacess) of

nei ghbouri ng,f OQFns@@pﬁfs%aﬂ@reﬂ%@e%@t|hse|rt919@1inegjc€<%r3|09(?§ ()trrln(y"é'lmn@artlé)nglﬂ? bot h
| ocat ed) between the opposing near nost nei ghbouring bol | ards of

nei ghbour i n§°rbEE af‘r@%'}éﬁ'étereﬁrcé?‘eﬁ'té’ﬁfeﬁ Plher %W%‘?f?ﬁ?éﬂ?r ﬁ”?é'?fge”t%m(e@sg(e 9an

at t acher ( s) pttaxbepaiegpbsdbleri t h at | east one coupling line are closer to the
rear pagg (e.g. edge or surface) of the foot menber than to the front part
(e.q. ge or surface) of the foot nenber. Note that references herein to
the "rear" ARRIfooF mampers of aé’oﬂ%ﬁpﬁ?ﬁﬂﬁeﬁ‘mdhea%??ﬁﬁW%H‘?VWWb?rﬁ@“ﬁ*‘SMO and
rear of thetdaal érerp(defecpweaértged sQ¢h {har sppesing Parts, (e@S eﬁ@scﬂrlsbﬂatea)b@mﬁae Bt
SUbsequenUé 19\/h %osnﬁo%gd)( % %ec?‘t é&%jftlgr?nz;r su&n%a‘ %eg(w ear ﬁ%ﬁcb ﬁargj?'s)o? of
t he opposin part ? associ at ed

line, are oﬂ¢lg®pum§1vfmtdeena)er3eq¢ ppatromal(lemgregletege ceﬂcugeﬁitb/axt@)e Irolfeglsﬁethose
respectpye pR&ds dmr@&fpss.ﬁg)pMI(sb édasyorasruﬁaéé&)t aﬁMbMﬁ]@wmbmse@awmmg

t bol d mb t t t
The front paredan o diba e = FLaH ZehRomne dortraet anisiedy Bl dheory

each foot neeboutfpetimsewes. plurality of attachnment neans (e.g. an
attacher(s)) arrayed al ong an edge of the foot nenber to forman array

adapted to OF ose and be{ﬁsgom ti oned in re% ster with a COI‘I‘ESﬁ:@OI’IdI ng, array
of a plural PISEray. dbe AcRRre RS ARPRHY nes gre BRSPS CCyRAERIBY A an
opposi nd5 pardmdvebleg attetige top sais loppicamg)pamf (eeg. repgpdycurfaceg) fv@odttanendye meadhe t wo

arrays of aEé.&Cm%&e@?%%a&eg'g'eaﬁzH respective opposing part (e.g. edge or surface).

Preferably the opposing attachment means (e.g. an attacher(s)) associated with an at least

one coupling line are mutually laterally offset from the two opposing near most bollards of the

neighbouring foot members when those opposing bollards are in register. Preferably, for



20 attacher(s)) are preferably arranged such that each attachnent neans
(e.g. an attacher(s)) of a given one array can be concurrently placed in
regi st er wotzhi2znoe4pr espondi ng respecti ve opposi ng att aclrcgmB202A4138176€. g. an
attacher(s)) when the near nobst opposing bollard nenbers of the

nei ghbouring foot nenbers are also placed in register. In this way each one
of the two attachnent neans (e.g. an attacher(s)) defining one of a
plurality of separate pairs 25 of opposing attachment neans (e

at t acher ( s) Pampe. g QSR Fordnh - @ dediaghersyi agersiind W plosist Hﬁ?rﬁ%”rpéng may
be brought limd and atrched ©ppdstrgi mite (e. yveges drasuriaas) pDSdighbpyds iferg neolbkar ds  of
t he nei ghboyr.i S

oref er abl y ?%argbgabtr)mq{é%ai%ng)?gésnﬁ%ﬁblégf Er;’e g{ytﬂq&gted? B%t@eér?gtle (;r?g{)smgl Fteatr ?no(st -

an att acher ['@gyhpouryy hajards g ke rtetghlpcw@ng &8t ”@mbtrﬁepfﬁ@rqba/r H‘%@?éﬁﬁ’ﬁ@ MEANS e t he
opporsﬂlj Ing5 ni@d’g féﬁ%tta@@t(&;})ﬁééioﬂﬁ@?@ﬂﬁataé&t 6ﬂ1es)aﬂb||rtgcnné a@ didsento tef rebhwartqelgl ar d
assenbl y econd .su ai.r .o Si :

2 Lacher (s PR et B Pluce: ReaPBRBRL R WoRaRETED SFR0T sh Bt ke

af orement i on@dlb@rppcb\@imgtapaﬁte@nf(ee ereiedgethe oteasmrtdaér@gf) ahfa fdek member are

nei ghbour i ngydoRghous BIMREhS fioft ARt MBS thd @olfR BpiRstls, RRIbEref ufidRE HefiFibed
an attacher(s)) and the 35 opposing nearest bollard

attachnent neans ﬁg@lgg
members. Al E&VMRAD 69usAh one of the second pair of attachnment means
(e.g. amOattacher(s)) nay be fixed to a respective opposing part (e.g. edge

or surface) P%fferaﬂ'PFtt‘Baétt%cmenpﬁfeer{kb@Lg 'aﬂg\tt&@\@ks)?’@ﬁﬁ@%ﬁg&%%a@% %t%epgt I ard

menber attached to that fo he resu e near est
opposi ng boPYEFep) r?éﬁ‘?f@t%d "&'F'@ ??r“B'UEH'f‘e AR YfsPEgVRTRA reas gart (5% P HEUERTBLsI ng
attachnment npetihbesspeaiie fdoemembando paich thef ast dtactedesticreaéhe opposing near most

2012/ 1014425&!4@%9&%4 Qé%jrégra&y ’Bpﬂﬁb%& c|b£hrlP§BP"ﬁ‘e%P b3Gnd Hont S;B}P?é%c’t%%é;‘éﬁr est

boIIardrre ers t Wo alrso opposi ng att

nmeans (&°g. syfrcak pfaedrdr fos) )“eﬁ‘tbér prrosferaey %h doott memeer cqogwETest d RNty 8hr of
t he }‘ oot Wehaﬂt&hﬁ]ehth@ant; |€e @ aﬂalaécharm@; a9kl alb?lg o ec}ldéaif tHeG6dt nigiBRE1o. forhhign
result ist a a one.c 1N i he _exten

nei ghbour i ngta% Oa;d[a&egtr%ogalpésebaer}dvt\% |t|<g1e8 in r%ggter wﬂt a %orrefpond‘r:i gaﬁgy (‘)%” a\&\ﬁu?g\lty
surfaces) adf atashmedrmeanar(eg- ©o Etttaehqr(éhrcomec@dcth gnoerrogipgrirert (elsasdes ert heir

associ at ed b@talca)r@t atrasr‘gmfosr.ngl\%aemeﬁ]sérerﬁm M/ot ARy S UE Btt&ﬂﬁt@ﬁt@tneeaﬁé)lé@b' a9

I t t t hi
i ne cobf o8 e DD eI BLrTesTorgh ElGe e lnt eu)pron Hcedalal "0
general | y drrgaehlgnelretayeran behenoppoty pigcadeiarregisgst witfoh| arrepouding ha@pectlve

nei ghbour i ng,§RRL MBEREINS mehRs I(é g. h§$ ap&%@r(g)?%gn ttlli'@tneé(mﬁgstaop\sgaﬁgc b&iakdpact s
a bollard ag_lpara us conpri sing pai r of neighbouring foot nenber

and bol |l ard emBﬁﬁ&thﬁ@e'QBWE”Q@O‘d“e %reatsoaﬁ%@ég Istefr ImBYSOMYREFT A f oot
menber s t endf the tiaeattarigesht tneaspleay ars attdehértsit defiting sespatragiiiraltty offsepdnats @airs
porti onggof oP%PQo%\ntatPa%ﬁr‘hént(ﬁe&s F‘eg@eén OaﬁtaatéFQZ‘CSss)beh%\éﬁ FRodiflf el é%r oPf the

bol | ard apparatus I's reater 't etween th POSI ng
parts (e.qg. n@@t@)@@flrwrfoghmﬁra%@mtsbttaﬂoaygttwatomoamrreat regigier #ppathet ppgr mos

At t achi ng aogsdiph boigrdsionte nbightidubfgfadt@ieniberzé his@broadht Beupgistag | 1 nes
towards to the rear portions of opposing part (e.g. edge or surface) has
been found to be nore effective in resisting and absor bi n? i npact forces.

| n addi ti onltixryefg@blydiaiiat leastiope ayrhipgis ot enpeginy altdchimenttnieags (auh & aleihags))

bol I ar d3UEmQ:|fos@rft5% bR ReEhe bl @@,em?wa@aﬂ@b@aoaﬂg H&R moBEsENAH ndcthberdGrddi VoL

t t t ft th t t
Phe | monc GomBi B Hou ehing RS dasiBlpR oA bt bl i ab oS e nn et g on a
| east one céupl amgatlaciea(shemagere medvigleth oandi titpsé oae  prefelablys Idceiser alsng dhe he
front edge %raﬂtﬁt.ma baao@l.n Q@Sr(@tguageg epapftace%partgé% n%@HNcﬁJYﬁ'éjfoQB’mérFBe%

torque effect are ef |C|en trans erred | ateral %érom acte
bol I'ard nente?eeE {BF ¢ EUF ﬁar PloPPOSRBERCRMEH FANAT 91 3 t‘tti‘c*éﬁ'i £94it8S onal
f oot nefber sppoding aadars:aqaumm IngmbensplAdtermétively leath ore qhm)s&aonrgpélmftattammtmt

2'08“|QI tnhel ?Fg!gé&(s S#Qtltﬁtﬂ% L?‘MW%@?@ resg’{]c‘ﬁv%p%@é K%M(% Q&‘geoc{r sURAE)
P g of the pair of nelghbourlng oot members near most the bollard member attached to that foot

member. The result is that when the nearest opposing bollard members are brought into

register, so to are the opposing attachment members of the second pair of attachment



(e.g. an attacher(s)). For exanple, it/they may be slidingly, rotatably or
pi votably attached. 30 The benefit is that when tension is applied to a
coupl i ng wWone1z/tw14¥y nost preferably be sufficiently selPCTaB20t@bI7e t 0
adopt a straight configuration between those parts of the two foot parts
between which it extends so as to extend, directly. For exanple, the/a
coupling line may be a chain. Each termi hal chain link of the chain may
have a through-openi ng through which a rod armor bar of the
attachnent W@H‘ﬁ%rscrbbe@"’ee&ﬁheatt"’t’ [erRsing §?§reﬁ§§'?é(£m6'i“b?r§ Refesvledt 'tast We rals
passed. Theotdppasiiyatathmeamearfsteg. areattaahdr@paed {revidedrsayas o b eambioyheb&ar
L ens! onecot Beddil horhd Ehilh W0k (EHAIAs hdllta A AT ISH AARILL At dodil (0InaR 0O
the rod, pin, arm or tachment nmeans (e.g. an at tac
whi ch the | Pigferably aitleast el coyphing %”ea@ﬁ*eé‘ﬁ@éatw?%” Beigkovshieef. menpigsrs betwee”
2012/ 1015495’@65@59&&(@@&5& P sBﬁ@fee)r@ﬁacynttdaaeabrt RahERRE oNBRAFodt aqegqbean
attacher(s)} r.an restr 'Pttecoul Xink
glnﬁ ne

| ocation at hV\/PI ar atr1e|ra 8%?te(§)bal]léll rPler’r%etrs I!/Igretpre erag}%RA}o ﬁuch sep|a OSI%I oned

relative t oalter@taf:mm esTivey. and pigferebly iat lepst eahré@hl&xﬂnmhneawalﬁgm Qpposieg

attached. This (@'@Yedb%s 6|C§Urf§(\/é%§j|nbb(e Qfa@é’b&leﬂaﬁlyH#&tl@%@t@@@ﬁﬁ@%pﬂ&lﬁ@ﬁe&%cﬂt an
attacher(s) H} @ ’0193 5 portions which prevent nobvenent
of the attablHBESEh 8?'9 &‘ﬁ efsr ne beyond them For exanple, an
obstructi®on part(s) may be |l ocated upon a said rod, pin, arm or bar of the

attachnent %Q@@ee@%tﬂd t@?wﬁéﬁ%ﬂ%\’e(n%bacté deﬁfgﬂd%pér%s Eérﬁﬂflsfné a%&&p?éarb%g of ﬁr i's

arranged to be attached to prevent, restrict restrai n nbvenent

end of the BgehRorHY quhé“%'ﬁ%efe%[]doﬁ@'ard?hé’pi%‘b%"cgr B8t ShIpEFTSS H’af”'[ﬁ%cef')r Bfn ded
by sai d oneneghtiooiirg oonchembas tdtets bdarged ao eplay siich platittel sdpgraddn sierasat e
spaced cond e r Iy LGt of
restrain my%%(zns otf Q;f‘p\é3|ﬂ€¥argég%fgo‘?gé yr slaﬁa(%g) %@P?{géﬁeﬁﬁge?%g r%liadﬂ{ z?pi)gra!tu% is

t her eal 6?%9 UrgR@ toRerpEeater thin thay pewpen ‘i‘ﬁa?POP‘ﬁ@ p?ﬁ‘ﬁt(éﬁd%@ef picatfress) fawaigdsiteer a
coupling i nentuﬁ tmet)apkpawtdst r/attas;nm@ aldasp@mg ||f1@r&%sgrbﬁpaprb@@hudroofacobarn@|naés uni t
cannot be u P n(g Etheaalr grtlgr{s olf(r)] OSI égrpt gy etogrsgr‘lgi ce)g‘h I%Pndytb bgrrlr]%reat

| east one f eX| Ie cou I|O % d™ neh

anchor (s)) atkspreid rQS@tI@mgfaﬂg@sgraind Irmewﬁ@e@rlnfarﬂ@mn SQJ@lﬁaQPé"eémy wompawhn@ t or

restrai n novengio ahfuastaad.ﬁg)uaiardwerhbé}%ﬂtemrn@@b urJ@%e@@%Medn@&nﬁerﬁ&{% an

h ted f f
moans. (208, PR BRI TIosE ASHs, BAUToF VG Gat D ERGETLETGH G B ERnERE Sher aby
to provi de bollardandrties itripestivatvehiceldipwardiyg By prasiag sn @deapt oge wweplgistlios potwaetapt ed

20 for surf agendlAkaoaR Menmard t&;@d?iﬁ’sf tb%eﬁ%n?e&@@@b/th@f)onéﬁf %&raﬁﬁf anb&!t BfMrgit L
render it subStantially imoyvable manually.” An ancho y conprise a

f oot nenber C?WEY%ﬁd?yn@'SHBrIqP%Fﬁecltréf?n‘g?%e””ﬁg?‘”%%(ﬁﬁﬂ?t@ra'%ﬁ‘é’“ (We @é?@?fe‘é)foo'fa%
term nal f oeotemiberiaemsightioudndd ot am entapp andtanganiyy td enyliadeitksiad et rhemtzes

si gni fi geant heayi j |1 ard
appar at o sebseeaR] cARbaBLC el SN riithy FREDIA afl ot Ind BEERE: 1 s
si gni fi cant PRPArA%. greater inertial mass and frictional interface with the
ground or floor surface upon which it is placed. The bollard nenbers and

foot menber are?erab%/ l?i?e on%rorarﬁcgg Hg?hn”g%rebEQUS?abvegta ﬁe%rpo tf eﬁlac nt %929 | Iard

appar atus may Weigh sever Taimnng
movement , @ %ﬁaﬁ*‘??hﬁjﬁhr |Fpr mamp@r ittyea| mayolst S'ﬁ‘@%eﬁoéﬂt@fy <} ﬂﬁ@!ﬂba/rfﬂtaChed

apparat g, irge tb@nemf %nmbﬁwﬁerﬁtehﬁbmﬁst AH&d k1 a VWL SiRg rmwmaa} moéleFr’éfeTrdbﬂlng rom

hi cul t
mduces a 1 R SuraieRPRTS afo s TSR rar et 1Rt sl FEABHITR i
novemnent of partsgwbresd whighdt ecs@uqbﬂ wds th exgendainebiyr $or egewieuthe/atdegplingfima may ends

of the couphi Bgndih NESH BN al dhtawnﬁk&rthmlra.naﬁayawlabeathfr&@ﬁ%pé'n.rtgqm%ngjrﬁméhvael y
absorb and dIS erse i articul

terminal entf§: f‘ aémc%g%lq?ﬁﬁ %tt?ﬂ@‘eaF'@e@EéErP %‘@C'i%(égtp@%/sﬁ? AP afri’f&&ed rtﬁa'??oer S.
Al t er naBbdvebgssed. h'éwecauammamgmbarrse(s grmyattaehes(eDma@rqbretferalslepadlateesuqredmmakémut 35

penetrati nga%rinﬁgp&gﬂqﬂk FléfH tﬁ@re%qulv@tsabﬁﬁﬁﬁesmd taﬁn Q)rr]pQrtﬁfH’e arft ]Dyt he

ground-fi xe e 1 nmobi e en

coupl i ng | i A&aRs)(e: QVWé?t@C*EeéGSW%‘&'I“C'TtB%{'”kr‘r%ﬁ‘f?éF%d arr'%arﬁ%lge%%lﬁ a§§°h§ﬁchor means
(e.g. an anchor(s)), other large and wei ghty nmasses nay be enpl oyed such as
concrete bl ocks which may wei gh at | east one or several tons.



WO 2012/ 101449PCT/ GB2012/ 050173 9 Preferably, the at |east one flexible
coupling line forns along portions thereof a sliding interface wth foot
menbers cwopbediot4ser eby so as to permt rel ati ve noveneRrCTidB2nESI1MEN.
This sliding interface preferably permts elastic or tensile stretching in
the coupling line in response to inpact forces inposed upon the vehicle
barrier which assists in absorbing and di sl ocating i npact energies

wi t hout inpeded by points of fixture between the termnal ends of the
coupl i ng | i REferagly, the atiachipanh Meapt (9@ AECHRES)) dt AEINAPS & swsipatialy restRingh

st ress poi ntestiaesrefixctad lleeatkimad vaﬂchbmeaidesgef tie a dsmByenen&yipldg limdriepdditoesd/ t 0

occur than 're?atltlggqb(iﬂgi?ot Wgsibgr h%hrhgis EHé(cﬁEf?BF arjra% %ﬁ(orﬂetz;t@aghed-rhl‘h% rﬁeL ?éy or

novement al SO en es S anenent (6] elther line

in a twisti AgITVES Ky PrRViNgose attfrf@"@f*fdnwsdﬁ of Prbavaceerésr)hw Pt?ﬁtw@@pcmg%or 10 to
i mpact for Cﬁérndhfslvﬂfbhl PhevieHtl MovkehtSof Bfie ftasheRISenatof tHéQ:oG;ﬂM@hrhd’llgeybhd’llﬁéfn) For
transver Sel %)EJOLPreI an ObSPUﬁtISO pg‘r (S)E r%rain‘lé%gcgpe%nuqoﬁ Banquer Sel p(l)'lrl fl)d CRLh?h or

rotate neig cou coup I'ng 9 ne
may be arr aﬁ@@dmﬁm meass (agowga%amerrﬁé)t ipedtrichethe Hinks ési aftafclrst omisndyeangebiephbeed 15

t her e‘by E)Ot Qﬂa%h@c{ ﬁ)epré\fenﬁlre%strtépbﬁ st @Bvéﬂéﬁt &Qh@ér%dofftﬁ@ﬁodﬁmﬁlﬁléﬁhé%ém@m |
paSSIng e en ose bol | ards a cou ass on y
P or Tna’ s JB¢ Satmlaeg i uih e e e BE g S o kel NERb R SR 2 o
barri er 10 ur plhedty of separatdepdoed tanddits, tfey trieg Hoernble be afflnged o preveht gesdridtiohe

agai nst whi %trﬁﬂ%obéﬁ?&ﬁ%ﬁqe QrQJ (gf‘m'edcoﬂﬁm?%ﬁe m%ﬂﬁer@ﬁ&ﬁgmﬁlgre%fa% FRIMRAESt ofV | |
be pushed when inpacte vehicl e a front of the barrjer. The taut

coupling |i H¥ 'ﬁd?at tE"si’Eec”d?‘hiO@“OQ@t ﬁb“éﬁl%@ouﬁmgl B 2y bgaé/r”@%snf'b'”}pégt P&fh
further suchngaushiech bariee ortdanndt be oBigteationallyef fnediertorglyaitaed. t 0 i nduce a

pi voting or tippling movement of the inpacted foot menber around the edge
of the foot nenber engaging the coupling line. The result may be a tendency
of the pPvoPesirapydhe ﬁ‘gﬁ%é‘?”etfﬁx'él'iegok‘HHE‘Q)"VPH%S%}W@GF&P@b‘?fﬂ‘?f@és &td- PRARChRi®Ibt i ng
edge to nucadarmdetosdngégef¢eﬁaagrbhw 6refdos burfdde tahe o &ihlbdldﬁgegtfamem@ment of the

Al ternativel gupﬁrqg I% gneﬁ' a?q'%!e ath ﬁmganlé | | nagl alnlch%?( r%&rsgl ngr r%org L hgpt 25
’n or £ t the multiple

of a barrier Fo 'agsist "Ry ining oot nenbers of
the barrier n@ﬁ@@fﬁtﬂeiecieﬁ fromeifixtureepadnse@- qo@sflmr(ahgdanhedc@ummun@ Pen¢itiorapr be

arranged t 0cRB&fmeahk me@b%q&ma/mﬁ@ihdregpaﬁd m@hﬂﬁéangwglaade. m@»%eypt@% f
SSI ve 0 oot

t d f the b
boer +£0 S5 SR b0t iravhe TGk e R Bt IubBAEL, o
a coupling lnnrrmabletmﬁllyf dot anvherbmesbdiehfs conariserd fpot metnbammfclecdmsalbyllard

transverse plaghimg FHPékQHBl@tor%for QRG: Jf %tterﬂﬁ{?ab%{)t maﬁ&r@mtaru%rm Qﬁ;%?at&%éy ng
novenent agai nst nei ghbouring foot nenbers, but also (é serve to translate

a rotation B8f WRRESPHS ton'%errﬁ'é?'f"iaﬂtﬂyo'a@ﬁr B%BE%erél”ﬂﬁnd‘PtP%fcfP dm?'B'?%ﬁ RN jthe
nei ghbour i ngolfaatdppamtuseo as tolmick nase ggrificactlyl ragidt ynogérhed by vieue of its signhidaatly | ng

{ransvepse GBRPhol £88 ARl ko GuBbNiok 800l SlrddRpBRLL R A

f oot ne prefe extend in a direction transverse
fixed ther eP'@qur oTrﬂeé)Obarf%mef?ﬁPfS@G@@OE greabers Of a PolhaPrrIAiusHBRY B formadHeom
bol | ar ds t hataeli ghdtahsoliptdoappamatus etgeweigh sl toRg Thé Bermshy ofegehendy akwdgngai d

pr oxi mal ed%%i/er’r'lbélnli,%or}gkérylc%lla}ﬁy ap{errf?igg ifcgoit %@%lbcle%’of Qb&%%'doéép%%tus, is to promote a
circumstance in which movement, resulting from vehicular impact, of intermediate foot

30  members in a vehicle barrier induces a tensile stretching of the coupling line(s) resulting from

initial movement of impacted (and coupled) foot members — because the terminal ends of the

coupling lines move little or not at all — thereby to effectively absorb and disperse impact

forces. This is particularly so when the terminal ends of a coupling line are secured to the

terminal foot members. Alternatively, the coupling lines may be secured to separate ground-

35  penetrating or embedded fixtures such as posts, bolts or other rigidly ground-fixed elements

which provide for the immobility of the ends of the coupling line(s). Where terminal foot

members are not used as anchor means (e.g. an anchor(s)), other large and weighty masses

may be employed such as concrete blocks which may weigh at least one or several tons.



WO 2012/ 101449PCT/ (B2012/ 050173 10 li ne extends al ong said distal edge.
Alternatively, or additionally, a coupling line extends alternately along a
sai d proxwoabixega9and a said distal edge in alternatingCserepdisori3al ong
successi ve said foot nmenbers. The bollards are preferably upstanding from
the foot nenber between said proxinmal and distal edges. 5 The bollard
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al ong/ t hr ouggmB 35 The i ncl ude shock Bsor ber neans
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adapted to ahﬁafsludlﬂagmbwnegemabmélymyadic&trmallyea sduplirly line adg pbrates tregfint ed
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A coupling line may be arranged to pass along successive said foot members coupled thereby

at opposite successive sides of the bollards of successive of the coupled foot members,
30 passing between bollards. Such a serpentine or slalom pass of a coupling line between foot

members helps not only to transfer any transverse pushing movement of one foot member into

a transverse pulling movement against neighbouring foot members, but also may serve to

translate a rotation of one foot member into an oppositely-directed rotation in neighbouring foot

members. This is particularly effective in transferring transverse impact forces laterally along
35  the length of the barrier.

A foot member may preferably extend in a direction transverse to the bollards fixed thereto
from a proximal edge to a distal edge further from the bollards than is the proximal edge. A

coupling line may extend along said proximal edge. Alternatively, or additionally, a coupling



as rubber or elastic material, or a pneumatic el enent) adapted to conpress
to absorb shock | oads applied to a coupling |ine. One, sone or each foot
menber nmayocorpise a structure (e.g. a plate part) pre®emidBrgL2205063sur f ace
upper nost in use, which is arranged to adnmt said at |east one bollard
menber. The structure may conprise a thrugh-opening through which a

bol |l ard passes from a | owernost side to@nd beyond t he upperm)st surface,

in use. The bollard(s) may be welded in this through-opening .g. at the
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plurality oPelyephsitROfMBAENhERBEI9eT orms an array in which each foot member
is couplgd to each other foot member by at |east one common flexible

coupl i ng H ?ﬁ Polgrdszaaparrgﬁjts mad mc%ud%acto otr irringegn L | npa%nﬁC%QS)[) %l orfadggé%ar S er .

effectively
Preferably, dr@laéecﬁﬂemdaptewo @lﬁgagep@thdh%fogf member thesdleths doonepigimeans &8/9-tshe

termnal f 0@énnE® f&lr@far}/ﬂﬂb&ﬁcdﬁ@tﬂwhﬂﬁ% dreh %QAQJ ér@tﬁr@tMIﬁbﬁé’Lﬁfaéé pednidier et o
| at e he erm

than are fixed to 20 i nterne ers.
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| east one the connector means (e.g. a connector(s)). The bollard apparatus may include connector
means (e.g. a connector(s)) adapted to engage with one some or each said foot member and

concurrently to engage said ground or floor surface to connect the foot member thereto.

20 Preferably, successive of the separate foot members are separated by a space, physical
separation or gap. Alternatively, foot members may be abutted in a side-by-side arrangement.
One or more coupling lies may pass directly, or diagonally, across the spaces as they pass
from one foot member to another. The bollard apparatus may comprise at least three separate
foot members, mutually coupled by coupling lines. The terminal foot members may provide
25  anchorages for the ends of the coupling lines. They may be much heavier than the individual
intermediate foot member(s) and bollards so as to be more resistant to impact-induced

movement.

Each foot member of the bollard apparatus preferably includes guide means (e.g. a guider(s))
30 adapted to determine or define the direction of travel of a said coupling line along the foot
member and through or along which a said flexible coupling line passes. The guide means
(e.g. a guider(s)) may include one or more conduits, ducts, pipes, tubes, loops, hoops,
channels or grooves on the foot member for guiding one or more coupling lines along/through
it.
35
The bollard apparatus may include shock absorber means (e.g. an absorber(s)) coupled to at
least one flexible coupling line and adapted to absorb energy generated by tensile shock
loads/forces applied along a coupling line. The shock absorber means (e.g. an absorber(s))

may be a compressible structure (e.g. a crumple zone, a resiliently deformable structure such



30 flexible coupling line is stretchable to dissipate energy transferred
thereto by novenent of foot nmenbers coupl ed thereby. Preferably, the at

| east onewOl2exiboi4a9coupling |ine conprises a cabl e or aP@IrGB20r2/@078ai n or
a rope or a cord, or any conbination thereof. Preferably, the at |east one
flexible coupling I'ine conprises steel ; ble, or a plurality of steel
cables. Preferably, the at |east one (e. 3 each) coupling line is adapted
to accept a shock load of up to 20 tons, or 35 alternatively, within the
range equal 2 8'°Bs ere@éi'ce'l”‘attef‘%rf’rfooﬂewﬁ%t'c qi%‘i’e”é)ﬁg?r?ﬂe‘étq TREPETTS (% PRI REK
capaci ty of load{ &dpegd toauplglinglidel ne(s) may be in a range up to 1 ton, or up
to 5 tons, up to 10 tons, or up to 15 tons, or up to 25 tons, up to 30
tons, or up to 50, or 100 tons. The appropriate choice may be made
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coupl i ng chaifdisroBf Réfsabl y about 400 kN and is nost preferably within the
range of about 350kN to 450kN. Were a coupling |ine conprises a chain, the

chain may be one manufactured according to 10 |ISO 9001 standards. For
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a chai n maywhee Regmeeababaut 10% and 30% or preferably between about 15%
and 25% such as about 20% 15 It is intended that the invention may be
sold in unassenbled form for assenbly into the bollard assenbly descri bed
above. | n aPwsisremid thefplyraldy efsysearate of fdebmpmbesafdromnagy edermingl faotlangmists part s
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fixed thereto at one said | ard nenber tpstan |n\9 t herefrom at
| east one fMER Brl(%a%%'ﬁ“dﬁao Ps ‘Hé’e%‘?ﬁeé'atat“do [RRectinquged REVaMeRkt 25 one sai d

foot menber to at | east one other said foot nmenber thereby to couple

separat 9? za"rﬁen%%% biteS RBP el telrs rﬁﬁg@%rrgt ﬁr\(’a Gfrdy OPQH%E{E ;éE%EeQFooi h one

coupl ed are transm ssi an r cou r via
the at | eastneBRersiniignlyseaceguphg t?ﬂﬂarp |’W€‘bﬁﬁé’ﬁth§@”€b@@f %‘?ja'so\}m'fﬂméy FAFY
aspect, the invention nay provide a vehicle |npact barrier conprising the

bol I ard appﬂe?‘éréﬁy, %%g 91' nog e§381 &%Xra%rfggte lgarﬁ;s %rmed from steel. Preferably, one,
some of each at least one bollard member comprises a steel tube. Preferably, the at least one

30 flexible coupling line is stretchable to dissipate energy transferred thereto by movement of foot
members coupled thereby. Preferably, the at least one flexible coupling line comprises a cable

or a wire or a chain or a rope or a cord, or any combination thereof. Preferably, the at least one
flexible coupling line comprises steel cable, or a plurality of steel cables. Preferably, the at

least one (e.g. each) coupling line is adapted to accept a shock load of up to 20 tons, or

35 alternatively, within the range equal to or greater than 20 tons. For example the shock loading
capacity of a (the) coupling line(s) may be in a range up to 1 ton, or up to 5 tons, up to 10 tons,

or up to 15 tons, or up to 25 tons, up to 30 tons, or up to 50, or 100 tons. The appropriate
choice may be made according to preference, for example, taking account of the number of

coupling lines, the geometry of the coupling lines (paths) and the speed and weight of a



In a fourth of its aspects, the invention may provide a method of
assenbling a vehicle barrier including: providing a plurality of separate
f oot menbwoxepaM4adapt ed for ground engagenent 35 by pCacBmeROsSHPen a
ground or floor surface, to each of which is fixed at | east one bollard
menber upstandi ng therefrom placing saHg plurality of separate foot
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as a kit _of part for assenpl y rd apparat us.
apparat 8 according to the invention in its fifth aspect may be a bollard
appar at us as isieesdedued thaloxftion GRIYIDE S MurRBnled TBHNE fob adsdmbly &% fhk Bolzeupl | NY
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absor ber apparat
arr anged fofOFﬁéﬁ'mmpéfaiqf}@éldﬁC@bﬁ%Pv&aen opp05| ng bearl ng surfaces of
successi ve connected |links of a chain. The shock absorber may be use with a

I R i (5 S e M R
been found tssembdcs avebicle barrier including: a plurality of bollard members; a plurality of separate
foot members each adapted for ground engagement by placement upon a ground or floor
surface wherein each foot member is adapted to have fixed thereto at least one said bollard
member upstanding therefrom; at least one flexible coupling line adapted to pass from at least
25  one said foot member to at least one other said foot member thereby to couple separate said
foot members such that impact forces inducing movement in one coupled foot member are
transmissible to another coupled foot member via the at least one flexible coupling line when

so coupled.

30 In a third aspect, the invention may provide a vehicle impact barrier comprising the bollard

apparatus according to any preceding claim.

In a fourth of its aspects, the invention may provide a method of assembling a vehicle barrier
including: providing a plurality of separate foot members each adapted for ground engagement
35 by placement upon a ground or floor surface, to each of which is fixed at least one bollard
member upstanding therefrom; placing said plurality of separate foot members upon a ground
or floor surface to form an array of separated such foot members; providing a flexible coupling
line and passing the coupling line from at least one said foot member to at least one other said

foot member thereby to couple separate said foot members such that impact forces inducing



25 likelihood of breakage between chain Iinks when the chain is subjected
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with) the sh%ml@stﬂﬁ oper %ﬁﬁ%@ﬂ@('bﬂ%c.ogp“nﬁé@ﬁsr ng surfaces) of the nei ghbouring
chain Iinks to pernmt an intimate interface therebetween in use. This helps
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first plane (e.g. wed at. on a genera % convex profile when

e
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parts of t S concurrent
were the shock absorber(s) not employed. Or put another way the shock-loading capacity

30 rating of a chain may be increased when such shock absorbing apparatus is used.

Furthermore, such shock absorber apparatus may be employed to shorten the fully-extended
length of a piece of chain. That is to say, by inserting the shock absorber apparatus in
between neighbouring chain links, the result is to separate those opposing bearing surfaces
35  which would otherwise be in direct contact (i.e. bearing against each other) when the chain is
fully extended. Consequently, the neighbouring chain links are drawn further together. This
shortens the overall length of the chain they are a part of. This is especially useful when fine

adjustment of the overall length of a chain (measured when taught) is required, and when a



The, or each, retention part may present at |east one concave contact
surface shaped to reciprocate outwardly-facing surface parts of a chain

I i nk whi cwoane/mot49beari ng surfaces and are not w thin, PoOrGBefasel73t he

t hr ough- opening of a chain link. Preferably two such concave contact
surfaces are presented at opposite si de14of t he bearing nmenber to interface
with 30 opposite parts of the loop of a’chain link concurrently while the
beari ng nmenber is | ocated between opposing bearing surfaces of successive
chai n Ii nks'engthéedyslign it fPanisrbess tH%{}/theto‘ﬁﬁ‘j?h ‘g%"dareé'i‘igfﬁ’? reMRYIng ZRTMINA ANt ube
or the likelimhich may be elongate in a curved or substantially straight
manner. A retention part may be greater in 35 dianmeter of size than is the
t hi ckness of the bearing menber to which it is attached. For exanple, a
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sai d opposi regipbeallyi with (s irf sgo@sthpvith)ehegdhapesfitiegsutfhedsrie i bekging shifeces) afitisever se
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about 10mMm i nser | on of a ock absor appar at us
chain | ﬂﬁkst"@fShaCkfaPP?VPGVé}PP@ﬁHéd’ R/AGEH Wdr?é&ﬁa apoiptR dit %‘Bwaf‘%f%hRféh?ql‘iéoqdéﬁ@t“rﬁ of
t hat chain byait IR tSRABEhGRK WBdodr BRiavs@n Aarlaeiplﬁocﬂmamdsaﬁfwbarmgme Jdaele-
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cross-section perpendicular to and intersecting the first plane (e.g. viewed from above or
20  below). This surface is most preferably in sympathy with the surfaces, preferably the bearing
surfaces, of typical chain link forms. The bearing member may present two such reciprocally
shaped and oppositely outwardly facing (not opposing) surface parts located at opposite ends
of the bearing member. Each such surface is preferably shaped for abutment to a respective
one of two opposing bearing parts of two neighbouring chain links concurrently.
25
The, or each, retention part may present at least one concave contact surface shaped to
reciprocate outwardly-facing surface parts of a chain link which are not bearing surfaces and
are not within, nor define, the through-opening of a chain link. Preferably two such concave
contact surfaces are presented at opposite sides of the bearing member to interface with
30  opposite parts of the loop of a chain link concurrently while the bearing member is located

between opposing bearing surfaces of successive chain links.

The bearing member may comprise a shaft, rod, arm, pin or tube or the like which may be
elongate in a curved or substantially straight manner. A retention part may be greater in
35 diameter of size than is the thickness of the bearing member to which it is attached. For
example, a retention part may comprise a bolus, cone, bulb, block of other expansion of the
apparatus at or towards one of each terminal end thereof. Preferably a retention part is
compressible (e.g. hollow) to reduce its lateral dimension to assist easier manual insertion and

removal of the shock absorber apparatus from between successive chain links.



15 of parts. The invention in a further aspect may conprise the invention
inits sixth or seventh aspects in conbination with, or in use with, a

bol | ard appanwtwss4as descri bed above or hereafter. Erempd 212/ @and 3
non-limting exanples of the invention shall be described below, in order
to 20provide a better understanding of the invention in some of its

enbodi nents, with reference to the acconpanying draw ngs of which: Figure 1
shows a perspective view of a vehicle inpact barrier according to the

i nvention; 25Figure 2 shows a plan view of the vehicle inpact barrier of

Fi gure 1; Firpusteckatsbhasamaliaiusndr av icesytiaf bebhgy Mehbes tteerdofipaayt bdXamiedeiomad

Figures 1 aﬂgmgntawbber or dé'yP]'éF ﬁat%rleﬁ }?ﬁv\ﬁg ]%Sﬁgrg rll‘atdfggs (wa?%(aa Oaahd??%ergﬁl tape

vehi cl e i npact ustrat ures
pl an vi ew a'eget0@ne mere rreferablyigt @P% 7P ﬁﬁ%Yﬁt MoER Rreferably e @g%ttgﬁt alerpaiivey, d*ﬂﬁ es 1

to 3 conpri sean@gheweér héll @hipacH @ametabi@bd (eq). steal) Ssignbd td dushidr Edllapdegataranay of
barrier uni b defl n| t he %ar ri el the tu%o>nvexl

2012/ 101440 PETN GHITERNFBTY L Fr e oS Wi spieed S‘%C'enﬁﬁhwm‘%{a' forees of a

t ermi nal bavipisaid oppsising bfaring werfaces ef rieighbrirind elrairi lisks. a@eltﬂahwmea\tlcé@rdlametﬁ gures

1 to 6 detapf ﬂh@%em@%n%&waplbee @w&me%n about 5nfrh B4 BbdBt $d)}ﬁWV5 Tfﬁu§(ea@rnat ic

\5/: FYVUSI r Zt ZE@% ﬁor]:(? %%%gékla%ts%rlm?g apparatus |tnrl?)etweerr1’I cha!m Imkgglaa:ftully extended chain may

10  thereby reduce the length of that chain by the same a value between about 5mm and about

10mm.

The invention in a seventh aspect may comprise the shock absorbing apparatus described
above and a length of chain comprising neighbouring said chain links. This may comprise a kit
15  of parts. The invention in a further aspect may comprise the invention in its sixth or seventh
aspects in combination with, or in use with, a bollard apparatus as described above or

hereafter.

Exemplary and non-limiting examples of the invention shall be described below, in order to
20 provide a better understanding of the invention in some of its embodiments, with reference to

the accompanying drawings of which:

Figure 1 shows a perspective view of a vehicle impact barrier according to the invention;
25  Figure 2 shows a plan view of the vehicle impact barrier of Figure 1;

Figure 3 shows a front view of the vehicle impact barrier of Figures 1 and 2;

Figure 4 shows a magnified view of an end of the vehicle impact barrier illustrated in Figures 1
30 to3;

Figure 5 shows in plan view a variant of the vehicle impact barrier illustrated in Figures 1 to 3
comprising fewer intermediate barrier units and in which the array of barrier units defining the
barrier is convexly curved;

35
Figure 6 illustrates a plan view of the vehicle impact barrier illustrated in Figure 5 arrayed in a

concave orientation;



Figure 9 shows a schematic view of the shock-absorbing elenent illustrated
in Figure 8 subject to (and in the process of absorbing) a shock |oad/force
(F) appl iwo 2ai20m0¢449 coupling |ine of the barrier; 10 Fi @oT&ER01240%0188 a pl an
view of an alternative enbodi nent of the invention in which coupling cables
of the vehicle inpact barrier are secur g to a ground or floor surface at
termnal ends of the barrier; 15Figure 1P i1 lustrates a front view of the
vehicl e |npact barri er |IIustrated in Figure 10; Figqure 12 illustrates a
per spect i veF@rey Hestpies a/Bpgrifieg VIeWpoé(?t tepsaipg ibatrief Wit d @ vphisly IMAatibgLiFeas 10
and 11; 20Fillgstraesd i3Figlirbal$ tartadegsling Bh@kabsarbiey\elambas;r i er unit of the vehicle
i npact barrier illustrated in Figures 10 to 12 in which conduit nenbers of
the barrier unit are shown schematically in sem transparent formin order
to ill ustrafguterfeshow gl schynaliatyiewsof Gabetkapsprhing elermem %fﬁ'&? ¥iceelnPag bamieh

25Fi gur e5 14iishiews imrFighran tw7;ew of the vehicle inpact barrier illustrated in
Figure 10 arrayed in a convex arrangenent; Figure 15 illustrates a plan
view of the vehicle inpact barrier of Figure 10 arrayed in a concave

confi gur at i biguref¥ shawea s@ematiardew efttessshacketisgibingtelementflusitated intFigure,& pibidce

i mpact barr ifnd fRitgs8eebd of ddsbbing pd %c@lo%foﬁﬁ?ﬁiép%ﬂ‘edvdkﬁwa@ouﬁlmg liNEsHted €
i npact barrier of Figure 16 with termnal anchor plates removed for clarity

of view 9912/ 101449PCT/ GB2012/ 050173 17 Figure 18B illustrates a
per speci®ve view of the vehicle inpact barrier of Figure 18A with coupling

lines detac P@gr;e 10 shows a plan view of an alternative embodiment of the invention in which coupling
cables of the vehicle impact barrier are secured to a ground or floor surface at terminal ends of

the barrier;
15  Figure 11 illustrates a front view of the vehicle impact barrier illustrated in Figure 10;

Figure 12 illustrates a perspective view of the vehicle impact barrier illustrated in Figures 10
and 11;

20  Figure 13 illustrates in plan view a barrier unit of the vehicle impact barrier illustrated in Figures
10 to 12 in which conduit members of the barrier unit are shown schematically in semi-
transparent form in order to illustrate the coupling cables passing into them and guided by

them;

25  Figure 14 shows a plan view of the vehicle impact barrier illustrated in Figure 10 arrayed in a

convex arrangement;

Figure 15 illustrates a plan view of the vehicle impact barrier of Figure 10 arrayed in a concave

configuration;
30
Figure 16 illustrates a perspective view of the vehicle impact barrier;
Figure 17 illustrates a perspective view of the vehicle impact barrier of Figure 16 with terminal
anchor plates removed for clarity of view;
35

Figure 18A illustrates a perspective view of the vehicle impact barrier of Figure 16 with terminal

anchor plates removed for clarity of view;



Figure 19 illustrates an expl oded view of a barrier unit of any of Figures
16 to 18B; Figure 20 illustrates a perspective view of the barrier unit of
Fi gure 19wooomiet4po a transport carriage; Figure 21 il IPOSIGRROEHSA173
perspective view of the transport carriage of Figure 20; Figure 22 shows a
cross sectional view of parts of the trqgsport carriage and barrier unit if
Fi gure 20; Figure 23 shows a cross-sectional view of parts of the
barrier unit of Figures 20, 19, 18A, 18B, 1517, 16 or 15 to 11 show ng the
col l ar menbEiouret 18 WelPiSe @ PRIBRECTAYiRhaf #'ﬁo‘teh}ﬁ'edﬁ‘@a?tﬁ@fr@bpf Fiotgultd Y shows
a Cross-sectouphdl lings esacded;parts of the barrier unit of Figures 1 to 10
showi ng the bollard tube welded directly to a foot plate; 20Fi gure 25 shows
a convex portion of a barrier conprising a three barrier units and

i nt er nedi at EigeEUSINupERRsHR PHBlOGT ViR If @PrHigr Yt emveof Figurerilgin BBR6A shows a
magni fied view the top side of two neighbouring barrier units show ng

near nost oppQsi bol |.ards and.. adj. ac Qsi n i de.edge f got ates
W ih coupl | R seRiREET B ar 8 RRBR PR SarE SE853ntlnd Bhalh T Fea
vi ew of thecariee si de of two nei ghbouring barrier units showi ng near npst
opposi ng bol | ards and adj acent opposing side edges of foot plates with
coupling Iipes tendi ng therebetween:; 30 Figure 27 _sho two successive
chatn 1 ks Gire! R e SR FRaT e paal G o 45T B Rck absor bt ng
apparat @ i nserted between opposi ng bearing surfaces of nei ghbouring chain

l'i nks; FPEJgQ}Q" ﬁ%w%%%r@é&%e@t%ﬁaﬁﬁ&moﬁ&%\é{o? lfH:‘e tFéZN%’po'? éiaﬁé3 bQJﬁ@Ii L']‘nitI ii“ nks

of a chain of the barrier 35apparatus of figure wi th the shock absorbi ng

appar at us r ElfB¥ed; WO 2012/ 101449PCT/ GB2012/ 050173 18

Figure 23 shows a cross-sectional view of parts of the barrier unit of Figures 20, 19, 18A, 18B,

15 17, 16 or 15 to 11 showing the collar member, the bollard tube and the foot plate thereof;

Figure 24 shows a cross-sectional view of parts of the barrier unit of Figures 1 to 10 showing

the bollard tube welded directly to a foot plate;

20  Figure 25 shows a convex portion of a barrier comprising a three barrier units and intermediate

coupling chains of differing lengths;

Figure 26A shows a magnified view the top side of two neighbouring barrier units showing
nearmost opposing bollards and adjacent opposing side edges of foot plates with coupling

25 lines extending therebetween;

Figure 26B shows a magnified view of the underside of two neighbouring barrier units
showing nearmost opposing bollards and adjacent opposing side edges of foot plates with
coupling lines extending therebetween;

30
Figure 27 shows two successive chain links of a chain of the barrier apparatus with a shock

absorbing apparatus inserted between opposing bearing surfaces of neighbouring chain links;

Figures 28A and 28B each show the two successive chain links of a chain of the barrier

35  apparatus of figure 27 with the shock absorbing apparatus removed;

Figure 29 shows a cross-sectional view of the two successive chain links and shock absorbing

apparatus of Figure 27;



Fi gure 30 shows two successive chain links of a chain of the barrier
apparatus with a shock absorbi ng apparatus inserted between opposing

beari ng swof2avewiab nei ghbouring chain |inks; Fi guiP€TR:B281peNnA817a
cross-sectional view of the two successive chain |inks and shock absorbi ng
S5apparatus of Figure 30; Figures 32A, BZI% 32C, and 32D each show the two
successive chain links of a chain of the®barrier apparatus of figure 31

wi th the shock absorbi ng apparatus renoved; 10Fi %ure 33 shows three
successi ve EiR4ierd SPARS MY sugcespise Mt inkpef B ahqin e the BREP=ARREralls tHth SHtherk
absor bi ng appartiguppamse insetkdibetvwse s npm@RIPgY Sedling beticendf nsighticadegschafn links;

nei ghbouring chain links; Figure 34 shows a cross-sectional view of the

t hree successive chain |inks and shock absorbi ng apparatus of Figure 33; 15
Fi gures 35AF9858 18RV eroesaxehtiofRbev Pfdhe e succesriecainliaks@na shokipRiasPies  a
chai n of 5t hapgadtiid &FiFigaqear at us of figure 33 with the shock absorbing
apparatus renoved. In the drawings |like articles are assigned |ike

ref erence synbols. 20 Figure 1 illustrates a vehicle inpact barrier

assenbl y ( 1Figeemdrisi2Bg32(h aad Baly eath shiow thesfiar wceessivrl chagplinks pleal chisdly ofites
units (3, 4parer Bpardtus SDfiguled vith&elsh8k dbBbrbing BpRFdLEG8mavddoot nmenber (9, 10,
11, 12, 13, 14) including a plate part forned froma steel plate being
substantially rectangul ar in shape and adapted for ground engagenent by

pl acenem® ofigarel Bvwhonws reepsumtassige chaic nkapba cBan af thedanigr eppafdtworittsshoflace.
Each of thea%%{(gaagp?argﬁéHs@r'ied%lv&e’én@&dmirnb BE&Singburte@sdr nbWRb UL R ifkee]
bol Il ard nmenbers (1 fixed to the plate part at their bases by welding (or
ot her fixing nmeans) so as to be upstanding generally in the perpendicul ar
di rection f Figmet 8 shdvat a susssaeetioodl tidve opltied ehrgasiccedsivieedpaclinky eanfi osvbckrenber
faci ng uppe ] r enbodi nents (not shown) the bollards may
be incli nedgﬁﬁrﬁeébpﬁﬁsatﬂp%ﬁégﬁrface of the foot nenber to which they 30
are fixéd. This may be to take account of inclined ground surfaces such
that when t hguie®abA rBBBRAAY 35S edchisHoviihe thrid sucBesdise chdilikbel d eathsof ok bhhiei  f oot

menber are bstanti.al ly.vertical i rientatjgon. There may be ot her
reasons to ?Epcﬁ%?tlﬂsedtﬁ I ?6\N| a&ggﬁorcéﬁg O?D\}@ ?p%g&awgir?m VS(g't menber according to
desi gn preferences. 35Each of the two flexible coupling lines (16, 17)

separatel y GoADHkARGs fkelaRRE@s BredfssighRaike AéReSRRBILD at both of its
term nagoends to one of the two terminal barrier units (3, 8) of the array

defining the barrier. The cable ends of a given coupling line are secured
to a term n&igutsar Hustrates @i viehivle angact barpercissaneblit (D cempisog aassreyrbl $iesepalied)

fi _Xed tot hgn@éé%ﬁ%te@%ﬁie%nit& @4]:5),%'[ 7@”@&5 leQi_er Jrﬁ)corqf)risreggfcgo?ﬁ]mnﬂé’rl 9,bl@r rier
unit. Each of the two anchor l'ies associated wmth a giv

2012/ 101449ﬁb‘ﬁﬁ(;ﬁbdi)ziﬁﬂwpgﬁésp%rt formed from a steel plate being substa(l‘:]ntiall?/r;ectangular

in shape and adapted for ground engagement by placement of a lowermost plate surface upon
25 a ground or floor surface. Each of the separate barrier units comprises at least two tubular
steel bollard members (15) fixed to the plate part at their bases by welding (or other fixing
means) so as to be upstanding generally in the perpendicular direction from the flat surface of
the plate part of respective foot member facing uppermost in use. In other embodiments (not
shown) the bollards may be inclined to the flat upper surface of the foot member to which they
30 are fixed. This may be to take account of inclined ground surfaces such that when the foot
member is laid upon it in use, the bollards of that foot member are substantially vertical in
orientation. There may be other reasons to incline the bollards relative to their foot member

according to design preferences.

35  Each of the two flexible coupling lines (16, 17) separately comprises a length of steel cable
secured at both of its terminal ends to one of the two terminal barrier units (3, 8) of the array
defining the barrier. The cable ends of a given coupling line are secured to a terminal barrier
unit via a respective two anchor assemblies (18) fixed to the plate part of the foot member (9,

14) of the terminal barrier unit. Each of the two anchor assemblies associated with a given



19 coupling line is fixed to the sane short, peripheral, rectangle edge of
the rectangular plate part of the termnal barrier unit, that being the
edge whi cwoi2s1fwi44best from the other barrier units (4, PET/GB2012)050f73t he
barrier assenbly and defining the termnal end of the barrier. Each
coupling line extends froma one of the1 wo anchor assenblies and travels
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t han i s thewpichtieriven eclgéng lihberigmated. mal 35 and di stal edges are parall el

and arepgefined by the long, peripheral, rectangle edges of the plate of a
foot menber. The bollards of a given barrier unit are |ocated between the
proxi mal and s easkigEse firshand seponelfourling dpespapessifiom qagh oamef timssraraf y

of fset fronfooe@ehbark oﬁthebannérxjnrmlto &ded ofké oittad ot&@}gesarat?ﬂm)t hehbat df @ae bﬂh)ér is

closest to E)ar?erpunﬁ 'ﬁ%l reguq% tha da%h Qé;%)r(alltg%ot r%grgg%r %qrt;'JgI%d B&%e%r* %né seconq}'jl t he

gi ven barrier uni
pl ate part V@pﬂ'@ﬂmﬁﬂ@m@ﬁm @Z@DQPﬁB@QW@fQ@ ”@mbéﬁtﬂﬁthﬁ@?@'ﬁ'bourl ng barrier
unit. TBe result is that the distal edge of the plate part, and the

ven barri |t|one inre with the

b-0| | ards, tl' f e of e r fLmi h Irlsr a!tso t?r}%g a djrecli ns grlssﬁ‘e{sn r
i st al *edge 81 PHEBPEICE Bt o' P har S SrP R ot = Y ten B o e P g
barri er uni more tubular bollards fixed to it, from a proximal edge of the foot member which is closest to
the bollards and extends in front of each of them, to a distal edge which is parallel to the

proximal edge but which is further from the bollards than is the proximal edge. The proximal

35 and distal edges are parallel and are defined by the long, peripheral, rectangle edges of the

plate of a foot member. The bollards of a given barrier unit are located between the proximal

and distal edges, in a linear array parallel to, and uniformly offset from, each of the proximal

and distal edges. The bollard array is closest to the proximal edge. The proximal edge of the

plate part of a given barrier unit is positioned in register with the proximal edge of the plate part



5Each foot nenber includes a proximl guide conduit (19) and a distal guide
conduit (20) each conprising a |linear elongate box-section tube, having a
pai r of oppasix@iqarallel, upper and | ower, walls separ @C&aH2912205pEBr of
parallel side walls joining them These four conduit walls define a

squar e-shaped cross-sectional shape unifarny along the Iength of the guide
conduit. One of the side walls is joi ne(? e.g. by vveI di ng, al ong its outer
|l ength to substantjally the whole_ 10 length of a |ong, peripheral,

rectangl e e8pRACBMePPROUENGAENHAPE Die fepdt i thigsliptl pAgss Of heyelate iPart arditee  Thi s
def i nes t hebgllatddeofcogichn hards uain isedisongatienedue register twith eheogisial eaige wf ik ppposi t e
ends of the d each of the two coupling |ines
(17, 18) al B%P%gﬁg]tetbﬁ'%gdﬁ h@%hﬁgg%@ﬁg%ﬁ?s&%&y be fornmed from steel or

ot her netal . Each of the long, peripheral, rectangle edges of the plate
part of gacha&fobtheenif rnb|edeswrbﬁma@a@eesmut$m Bnda &Etgujud;e oeacmttqiza) eadhe
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along the distal ed art
exits the difét %”d@h?’lﬂ’ed'%ﬂ%?ﬂe? t%tadf‘“ﬁeeagbé?cé‘eb%’f’vﬁé’éﬂ'”ﬁ H'@e&f W st18)o%lP’Pq @’Pd uni t
and a seconthrdghrii. e Thelebbduteh mayatsed fopasds ésmf stesndr futhed insdtal] Eachds toenahgi t  of

the first tgé g'nélél r%?d’ feeef éﬁ“bhguﬂa?e?%?h {acﬁ‘%ﬁ'ﬂ %Sbatrnef?tug é’o%g?JQSJ QU a

enterlng roxI ma con the second unit (4).
The fird® céWﬁﬁ?%@w¥|ne (16) t hen passes through the proxi mal guide conduit
of the second barrier unit along the proxinal edge of the pIate part

thereof, anﬁih exrlo;q%al u(l.)({e coﬁ%;ﬁt (9%<) e%ad%ar 7 thg% l'er{ (gl‘go)f.il}eep te? fglaea%h %Ft ween

t he second bar Pier coupli
li ne then pedeat memberstane retairpthereduplygilides Iemrwltbfhetplwr@%ewsb%ﬁwnae&

unit, di agow&dgu t@@@@@nkf@we&am lsﬁﬁ.@.me aedmarguiag cbm.tqlz leAbn@Uiicig teondui t

©hr ough2l he JaRLTdee ShirF dlecilgier e Bt S AP g Bl F%ic?fm%r‘w S e8P ong
t he di stal &ugevhigh passghpbgttibinpepister wite trealisfal edot. exits the di stal guide 35

conduit (20) at the space between the third barrier unit and a fourth

barrier unit ) e first coupling line then passes fromthe distal guide
conduit of h%f' Ph?":“ﬂ"”saf‘?i(@ p%ﬁ’??i froryjong hide 1 apchas PEeERlier 83 ABSt S eEIek
entering t hearperomitl(ﬂs)lan@pas@les tb@nglua tiistaf guideecohduitraldmg lieer dista e dgendf the(gte pdrhe

first ceypl jHagkot AR &&&Dng‘i p@&lt?%ﬁﬁﬁalépﬁg%&gﬂ HQ?th?rs;?%l}erﬁ%lwegl"ﬂ'th%qflrgtct))gﬂlgft of

the fourth barrier unit he pro art thereof,
and exits t Hat zﬁ}d(ﬁﬁeﬁg}d Weﬂémb@h@m} paseg_g)f)'or’rathe d‘p@I guide condU|t of the flrst terminal

2012/ 101449 B4sién AlagoRdi) 2drdss that space before entering the proximal guide conduit (19) of the
second barrier unit (4). The first coupling line (16) then passes through the proximal guide
conduit of the second barrier unit along the proximal edge of the plate part thereof, and exits

30  the proximal guide conduit (19) at the space between the second barrier unit and a third barrier
unit (5). The first coupling line then passes from the proximal guide conduit of the second
barrier unit, diagonally across that space before entering the distal guide conduit of the third
barrier unit (5). The first coupling line (16) then passes through the distal guide conduit (20) of
the third barrier unit (5) along the distal edge of the plate part thereof, and exits the distal guide

35  conduit (20) at the space between the third barrier unit and a fourth barrier unit (6). The first
coupling line then passes from the distal guide conduit of the third barrier unit, diagonally
across that space before entering the proximal guide conduit of the fourth barrier unit (6). The
first coupling line (16) then passes through the proximal guide conduit of the fourth barrier unit

along the proximal edge of the plate part thereof, and exits the proximal guide conduit (19) at



21 the space between the fourth barrier unit and a fifth barrier unit (7).
The first coupling line then passes fromthe proxinal guide conduit of the
fourth bawoizer2/um4p, di agonal ly across that space bef or eCeraBoizigot/de
di stal guide conduit of the fifth barrier unit (5). The first coupling line
(16) then passes through the distal gui 8 conduit (20) of the fifth barrier
unit (7) along the distal 5 edge of thé& plate part thereof, and exits the
di stal guide conduit (20) at the space between the fifth barrier unit and a
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barri er ygni i f t 1.8k, gui de
condut 1 237 £ cauRREinptefEaREr b ehy sRAGR MU £, B 08 pitnd il B,
passes t hr oBgfiet femdhstigie! ghifedeoneghefuine fquith oagsier t”Hb d@é@@ﬂﬂaﬁaﬁsrtﬁ@rs%?ﬁ t (4)
al ong the dbsbrlentdige tref préxiveal Ruaik ot tof theahirDbarrieandit €] Tis frsteodbing ahe gw de
gg_??:ﬂef‘ l(,lﬁlo 16?@3&9% Baelshgpﬁ%% Ipﬁ{[ew?o?(f]matl gt??esgo%gg ﬂof tt?’e thpc?‘barn(% uni é\?ﬂr%%tﬁ ﬁro? n]a|
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3). The first t f
)t eyt PR ot e e e L B B b R P theR R etehs | og
t o which it diskl §uideechnduith\g the B2¢oh0 badiePaTy @B2(0he fiGsoLphh e The thert pasdes

coupling I'i gfodgh e d?aa%eeefcsrmmtmgoﬂhe &a&an@%harunﬁ%@eimb RSaididh 8hgdds thre

si xth andtermnal barrier unit g) thro g di st al gui de
condui t (20)) a§| Qﬂﬁtgtherﬁ%f andseﬁtp ttéej éalogwde ondU|t (20) at the pace between the”second

barrier unit and a first barrier unit (3). The first coupling line then passes from the distal guide

UI de

conduit of the second barrier unit, diagonally across that space before entering the proximal
guide conduit of the first and terminal barrier unit (3). The first coupling line then exits the
proximal guide conduit of the first barrier unit and passes to a second of the two anchorage

assemblies to which it is fixed.



the plate part thereof. The coupling line exits the distal guide conduit at
the space between the 5 sixth barrier unit and the fifth barrier unit (7),
and passesofommot4de di stal gui de conduit of the first tecwiagsbi2yEoriBer
unit, directly across that space before entering the distal guide conduit
(20) of the fifth barrier unit (7). Thezgfecond coupling line (17) then
passes through the distal guide conduit the fifth barrier unit along the
di stal edge of the plate part thereof, and exits the distal guide conduit
(20) at the space between the fifth barrier unit and the fourth barrier
unit (6). IBeddvencsenplng lioeUT) pasged frd’meorﬁé‘tﬁmNcpa&BﬁSasﬁérﬁbﬁE$ (18) alitisd sbtth ged de
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fourth barrier unit, di rectly across that space before entering the

proxi mal gui de conduit of the fifth barrier unit (7). The second coupling
line (17) then passes through the proximal guide conduit (19) of the fifth
barrier unit (7) along the proximl edge of the plate part thereof, and
exits the proximal guide conduit (19) at the space between the fifth



In alternative enbodi ments the barrier may conprise only the second
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170) are enployed to ensure tautness
event, to assist or induce this pivoting movement about the distal edges in response to impact

35 forces at the proximal edges of a barrier unit. The ground-penetrating members may be
arrayed adjacent to the distal edge of a barrier member without passing through the plate part
of the barrier member, thereby simply providing a fixed obstacle to sliding movement of the
barrier members over the location of the ground-penetrating member. Alternatively, the

ground-penetrating members may be arrayed adjacent to the distal edge of a barrier member



WO 2012/ 101449PCT/ (B2012/ 050173 26 such an anchorage assenbly (18) as shown
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pates ig0t oFRbeen o 8Romprisiigdéwe sk chiarMaREr udl (IWB8a@stotd)aind in which the array
of barrier units defining the barrier is convexly curved. Figure 6 illustrates a plan view of the

vehicle impact barrier illustrated in Figure 5 arrayed in a concave orientation. These figures

illustrate the variability with which the barrier array may be positioned/shaped, this being

afforded by the sliding interface between the barrier units and the coupling lines via which they

35 are all coupled. In this embodiment a suitably shorter first and second coupling lines (160,

170) are employed to ensure tautness.

Figure 7 shows a detailed view of the two anchorage assemblies (18) located at the terminal

edge of the first (terminal) barrier unit (3). Reference is now made to the schematic views of



part, incurred by the vehicular inpact of the barrier and inparted to the
coupling lines by the resulting initial novenent of barrier units within

t he barriwo.20ihios44mi t i gat es agai nst excessive or 5 danegirgp2eteasiki7Boads
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35 entering the distal g e conduit of the third barrier unit
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2012/ 101449 201 173 28 conduit of the fourth barrier unit (307).
It extends gﬁgn%n%t%iaggpth of that distal guide conduit and exits the
conduit to extent to the second and post 201 to which it is fixed and at

whi ch i 80t el &hadr8f a barrier unit as a result of an impact upon the barrier by a vehicle (not shown)
generally imparts a tensile force (F) along the length of one or each coupling line as shown in

figure 9. The effect is to urge the terminal end (189) of the coupling line to urge the second

mounting plate towards the first mounting pate and in doing so to crush the two crush plates

(184 there between. The portion of the coupling line passing through the distal through-

35  opening of the first coupling plate is permitted to be pulled therethrough by the urging force (F)

during this process to reduce the length of the portion (188) of that cable passing between the

first and second coupling plates, thereby permitting the crushing to occur. Any concurrent

sliding movement of the other coupling line passing through the proximal through-opening

(187) is also provided for by that through-opening.



5A second coupling line (203) of the barrier of figure 10 passes froma
first one of two anchor posts (200) and passes through a proxinal guide
conduit (MORoelwng9ot he proxi mal edge of the plate part @®CTaGH2r25009arri er
unit (304) of the barrier adjacent thereto. The coupling line exits the
proxi mal guide conduit at the space between the first barrier unit and the
second barrier unit (305), and passes fromthe proxinmal guide conduit of
the first barrier unit, directly across that 10 space before entering the
proxi mal guide conduit (19) of a second barrier unit (305). The coupling
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coupling line 15 (205) then passes through the proximal guide conduit (19)
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20l ength of that distal guide conduit and exits the conduit to extent to
the second and post 201 to which it is fixed and at which it termnates. In
an al t er ma0DI20/10143¢ fourth coupling |ine may be om ttedPCrGRn12alsbEBnat i ve,
the second sand third coupling line may be omitted instead or as well. 25
Figure 13 shows a plan view of a part of the barrier of figures 10 to 12
conprising the third barrier unit (306) 8Thls vi ew shows the path of the
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A third coupling line (204) of the barrier of figure 10 passes from a first one of two anchor
25 assemblies (200) and passes through a distal guide conduit (20) along the distal edge of the
plate part of a first barrier unit (304) of the barrier adjacent thereto. The coupling line exits the
distal guide conduit at the space between the first barrier unit and the second barrier unit
(305), and passes from the distal guide conduit of the first barrier unit, diagonally across that
space before entering the proximal guide conduit (19) of a second barrier unit (305). The
30  coupling line (204) then passes through the proximal guide conduit of the second barrier unit
along the proximal edge of the plate part thereof, and exits the proximal guide conduit (20) at
the space between the second barrier unit and the third barrier unit (306). The coupling line
then passes from the proximal guide conduit of the second barrier unit, diagonally across that
space before entering the distal guide conduit of the third barrier unit (306). The coupling line
35  (204) then passes through the distal guide conduit (20) of the third barrier unit (306) along the
distal edge of the plate part thereof, and exits the distal guide conduit (20) at the space
between the third barrier unit and the fourth barrier unit (307). The coupling line then passes
from the distal guide conduit of the third barrier unit, diagonally across that space before

entering the proximal guide conduit of the fourth barrier unit (307). It extends along the length



provi de a m ni num breaking strength of the coupling |line of between about
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det er m nesioas1ztoes4mi ni mum appl yi ng a straight-1ine pul |l iPeg/dRo®s0t7at W | |
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rotation, as will be readily understood hy the skilled person. One or each
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WO 2012/ 101/Blélf8|%cé-l;(teﬁﬁ&%Zérgérgé?g%io%:lconduit of the third barrier unit (306). The coupling line
15  (205) then passes through the proximal guide conduit (19) of the third barrier unit (306) along

the proximal edge of the plate part thereof, and exits the proximal guide conduit (19) at the

space between the third barrier unit and the fourth barrier unit (307). The coupling line then

passes from the proximal guide conduit of the third barrier unit, diagonally across that space

before entering the distal guide conduit of the fourth barrier unit (307). It extends along the

20  length of that distal guide conduit and exits the conduit to extent to the second and post 201 to

which it is fixed and at which it terminates.

In an alternative, the fourth coupling line may be omitted. In an alternative, the second sand
third coupling line may be omitted instead or as well.
25
Figure 13 shows a plan view of a part of the barrier of figures 10 to 12 comprising the third
barrier unit (306). This view shows the path of the first, second, third and fourth coupling lines
(202, 203, 204, 205) in more detail. Figure 14 shows in plan view of the vehicle impact barrier
illustrated in Figures 10 to 12 in which the array of four barrier units defining the barrier is
30  convexly curved. Figure15 illustrates a plan view of the vehicle impact barrier illustrated in
Figure 14 arrayed in a concave orientation. These figures illustrate the variability with which
the barrier array may be positioned/shaped, this being afforded by the sliding interface

between the barrier units and the coupling lines via which they are all coupled.

35  The invention in any of the embodiments described above, or otherwise, may comprise only a
coupling line (or lines) which passes along the distal edges and guide conduits of the barrier
units of the barrier without passing along a proximal edge. The invention in any of the
embodiments described above, or otherwise, may comprise only coupling line(s) which each

pass alternately along the distal edges and proximal edges, through successive distal and
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conpri ses ainippettdtoghk Bdrrigrlfi@tnethe impacting vehicle. The impacting vehicle may be a lorry/truck

to a

25 weighing about 7.5 tons travelling at about 50 kilometres per hour (about 30 mph), for
example. The impulse force generated by the initial impact of such a vehicle will result in a
high shock load along the axial length of coupling lines of the barrier as the barrier units within
it move (twist/translate) to some degree in response. The ability of the coupling lines to remain
integral and functional during this initial impulse period is important not only in maintaining the

30  integrity of the barrier but also in effectively dispersing localised impact energies along the
length of the barrier. Each coupling line preferably supports a shock load in the range from

about 20 tons to about 40 tons, or more, for this reason.

The shock load supportable by a line may be calculated according to the following formula:

35




35 part having a proxi mal rectangle edge near nost the bollards carried by
the given barrier unit and a parallel distal rectangle edge furthest from
t hose bolwende/10Tdaese proxi mal and di stal rectangl e edgesTadBopdpsariat ed by
two shorter rectangl e edges at opposite sides of a given barrier unit. WO
2012/ 101449PCT/ GB2012/ 050173 32 Wl ded 2mong each of the two side edges of
a given barrier unit is an array of evenly spaced and conmonly

si zed/ di nensi oned steel tube elenents (413 to 421; Figure 17) which each
define a thibegh? lrothe shénkdeaghapstiecs Wit des fadure onmaoimesif tegigth lcmqnlthe\gtam n
(423). In other 5 enbodinents the common single couplln pin may be

repl aced wi {oRd & . pitapned forope gpd efdhaalingt ie dopRRs) thrﬁggfpa pRdgnd Ao M@eé@nq of theengt h

to engage th?eﬁx"é&%v%xt%%%t%o@thé %ﬁggow‘ﬂﬂ%%%%%%@s SQUBE BRat ¥ES, but
not all coupling tubes, in the array he plurality of shorter coupling

pi ns may bemsialin&eka; qegviteheper angya @Pdléliﬁcf?fea%i'qrté K hipag Rropeing $regiitic ddader
anot her . 5 ThewrdsBlisoapliedro iR 1Bk Wik il iNAedlo itsh@, Dh-BeeteHYPEAJRIbY 1B @fingJozal | gned

colllnearlyadlnre ster with each o l.ing .t S on
e B g T T T I

nei ghbour i niy decelgrhied gy theltrs linedo therepa of wimiehdt is ettaztled.t snugly a term nal chain
link in a respective one of eight chai n Iengt hs (404 to 411). Each of the
ei ght chain Iengt hs corr(grl ses. a _common ‘\%ﬂ? a ch |n of conmpn tgé)e and

structure. TRRNEEMTBA BotpEPRE B Fﬂazi%%?” ecfﬂ"tﬁé%%bé% teﬁ?'b*ti’érli?réaifz'ﬁ% t he

ni ne codpl i hetweerb2@ninm agd AN, icls @s abwmd 4bOremt (brytherkBbquiss.s &be tdmythugleatthe
| oop of thegfer r@bt@ﬁdb %Ebgel SIbf tﬁé]&eéﬂheﬁ?% %'aeerNeeh hl‘ﬂq Shd B, QBaétf&ul ?@Eht@ﬁ (404

to 411). Inthis wa comon cou passes
conpl etely f'ﬁfe@%"rﬁs)eg%'eﬁﬁ@ opgach a9 ﬁ?clt?é‘g@c?ﬂﬁ? ? Hfgth‘f %fs%@'aé%fa%%ectr?%%?@ 16T t he
term nal endnd 6rﬁ|~’e§g @bout e (ei thdrbatwotsplor Srgallehizdnins uniBA gsedpgriging twal Boyiards),

identical arra ed) is
simarty | o Shat bl P RnRy bafiel | Hﬁ‘%@%”ﬁ%gw% AT e
edge of 1a nBplgFisauayi h?d’eﬁ‘@lel‘ abyt BSweant Py in lgpath, dypc' FPploky Wdh?iaﬁ*b&l"lsel edge
of a nei ghbous, sdghean chEN bdmé@t(es)(@%n@%pé Qjae WaIdbe aPits iR th feshediil e fhodr

othervmsefl d.to a surface throu hol es passi t hrough the
our face. enoBgery Srrd PGSy R 8 ¥ My bk SstRgb ot e ter gur o
17 il ustrat'e8) attashet todhgyease of adhitanh tuba (T5AY by weltidgi the gpllac beindhweldegotottka mi nal

anchor pl at @gp{afO)oofdife f@@ywlnﬁﬁ&ﬂ} ¥bricittRe BBIR &b th f§$l%ﬁété h@arrier
como | inks in

rel atiopshi et ween

e el oRB cBUBITHG 2Un i SO T e 5t G ety et e Yot mon
coupl i ng pi hy inBact@ypesif thg tgeclesdribedatiovarespgalipthe toge tdrmipaltbabiesynitand t he

i nternedi ate spaci ngs between them are thereby able to be placed in

regi ster wth one anot her when the bollards of neighbouring barrier
assenbl i es Relemap &Figyre A6 fetr it Hustatdanaitenafivg emppdident of thgpresent invention in

which eight flexible coupling lines extends substantially in parallel between opposing side

25 edges of neighbouring foot members. Each of the coupling lines is a chain. In alternative
embodiments fewer coupling lines may be used between opposing edges. One some or all
chains may be replaced by an alternative flexible coupling line such as cable or the like,
forming a loop or having an eye, link or hook at one or each end to attach to the coupling pin
(423).

30
In particular, three separate barrier units (401, 402, 403) are arranged in a linear array such
that each of the two bollards (15) of a given barrier unit are aligned in register with those of
each of the other barrier units to form a linear array of evenly-spaced bollards. More such
barrier units may be used in the array. Each of the barrier units comprises a rectangular plate

35 part having a proximal rectangle edge near most the bollards carried by the given barrier unit
and a parallel distal rectangle edge furthest from those bollards. These proximal and distal
rectangle edges are separated by two shorter rectangle edges at opposite sides of a given

barrier unit.
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10  the other 9 coupling tubes on the same rectangle edge. The spacing between opposing
terminal ends of neighbouring coupling tubes is dimensioned to admit snugly a terminal chain
link in a respective one of eight chain lengths (404 to 411). Each of the eight chain lengths
comprises a common length of a chain of common type and structure. The common coupling
pin (423) which passes through each of the nine coupling tubes in common, also concurrently

15  passes through the loop of the terminal chain link in each one of the eight chain lengths (404
to 411). In this way the common coupling pin (423) passes wholly and completely through
each one of the nine coupling tubes and each one of the terminal end links of the eight

coupling chains.

20 A substantially identical array of nine coupling tubes (other than nine may be employed) is
similarly fixed and arranged to the opposing and parallel rectangle side edge of a neighbouring
bollard assembly, or to the opposing parallel edge of a neighbouring anchor plate (500)
adapted to be pinned and bolted or otherwise fixed to a ground surface through holes passing

through the surface-engaging plate (500) of the terminal anchor.

25
For example Figure 17 illustrates the arrangement shown in Figure 16 in which the two
terminal anchor plates (500) are removed from view to more clearly show the relationship
between a common coupling pin and the terminal chain links in the eight coupling chains (404
to 411) concurrently carried by that common coupling pin.

30

Opposing such linear arrays of coupling tubes, and the intermediate spacings between them
are thereby able to be placed in register with one another when the bollards of neighbouring

barrier assemblies are also arranged in register in a linear array.

35  The outer diameter of each coupling tube exceeds the inner diameter of the through-bore of
the coupling tube by an amount which substantially matches or exceeds slightly the thickness
of the terminal chain link through which the common coupling pin passes. This permits the

terminal chain link to pivot or rotate about the common coupling pin in order to avoid stiffness,



15 coupling chai ns between nei ghbouring barrier units, or between a
termnal barrier unit and a nei ghbouring term nal anchor plate (500, not
shown) arwoabeol0i419t he renoved state. In this state, theChaB2erosapparat us
conprises a kit of parts ready for asserrbly into a barrier unit as shown in
Figure 18A, Figure 17 and subsequently FEjgure 16 when also attached to
term nal anchor plates (500). Each of tl‘?’é common coupling pins conprises a
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coupl i ng nutsample. The hardness of the material of the bar is preferably of the calibrated hardness

25  value such as HB293, such as would be readily appreciated by the skilled person.

The nominal cross sectional diameter of the material of the coupling chains is about 16mm but
may preferably be between about 10mm and 20mm. Preferably the pitch of the links within a
chain is about 48mm , but may preferably be within the range of about 30mm to 70mm. The

30 load capacity of each coupling chain is preferably between 5 tons and 15 tons and most
preferably 10 tons or thereabouts. The breaking force of each coupling chain is preferably
about 400 kN and is most preferably within the range of about 350kN to 450kN.

Chains manufactured according to ISO 9001 standards may be used. For example, a chain
35 classified to standard OASTM A973/A973M-01 or EN818-2 may be used. The stress at
loading capacity of a chain may be between about 150 N/mm? and 350 Nmm?, such as 250
N/mm?®. The breaking stress of a chain may be between about 600 N/mm? and 1400 N/mm?®.
The break elongation minimum of a chain may be between about 10% and 30%, or preferably

between about 15% and 25%, such as about 20%.



10 may be counter-sunk into the plate of the foot part of the barrier unit
The spaci ng between the two nuts of the proximl pair matches the spacing
bet ween twe 20momdps of the distal pair, with the fornerCpaB2pasit7iBoned in
register with the latter such that the use of separation between a given
nut of the proximal pair and the nearest , nut of the distal pair is
substantially perpendicular to the rect a’iﬁgul ar edges to which they are

wel ded. That perpendicul ar line of 15separati on passes between the two
bollards of the barrier unit. Figure 20 and Figure 21 illustrate the
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barrier unibesitioh®d respective of one of four lifting rods (502) comprising a substantially vertical rod
position (502) topped by a transverse section defining a generally “T” handle.
35
The lowermost terminal end of the lifting rods projects outwardly through the through-openings
(506) passing through the upper and lower walls of the box-section carriage beams and
terminates with threading adapted to match the internal threading of each one of the four

coupling nuts (431) welded to the proximal and distal edges of the foot member (401)



Figure 22 illustrates a cross-sectional view of a part of the transport
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20  The portion of the lifting rod positioned above the internal floor of the box-section carriage
beam within the carriage beam, is threaded externally and carries upon it a reciprocally
threaded load nut assembly (600) comprising a pair of nuts tightened against each other so as
to be substantially firmly positioned upon the shaft of the lifting rod. The terminal end of the
lifting rod, and sufficient of the external length of the lifting rod leading up to that terminal end,

25 is externally threaded to permit it to engage with the coupling nut (431) upon the plate part of
the barrier unit (401).

The separation between the lowermost surface of the load nut assembly (600) and the

terminal threading of the lifting rod exceeds the distance between the uppermost surface of the
30 floor of the box section carriage beam and the threaded opening of the coupling nut (431)

welded to the plate part. This separation is determined by the height of the box-section

carriage beam above the local ground surface supporting the carriage trolley and the barrier

unit. The distance may be adjusted as desired by loosening the tightened pair of nuts of the

load nut assembly, repositioning them securing them in their new position by re-tightening
35 them there.

Operation of the lifting rod to lift the barrier unit (401) is as follows. With the load nut assembly
separated from the internal floor of the carriage beam, the terminal threading of the lifting rod

is inserted into the coupling nut (431) and rotated to engage with the coupling nut. Continued



5 along the threaded parts of the lifting rod it is fixed to. Consequently,
the termnal threading of the lifting rod bears upwardly against the

i nt er nal wbnewdiong9of the coupling nut to raise the coupCirmap2ntosai7’oang t he
axis of the lifting rod, and the barrier unit along with it. Wen this
operation is done in tandem at each of tge four lifting rods (502) the
whol e of the 10 plate part of the barri%8r unit may be lifted off of the
ground and noved by pushi the transport carriage upon its wheels (503)
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beyond the base of the collar member within the through-opening. The result is that the final

25  short terminal length of the bollard tube is exposed within the through-opening.

The terminal end surface (700) of the bollard tube is positioned to be flush with the periphery
of the through-opening at the underside of the plate part so as not to project from the plate part
at the underside. A circular channel is thereby formed between the outer curved tubular
30  surface of the short portion of exposed bollard tube end, and the opposing inner curved
surface of the circular through-opening adjacent the surface of the plate part lowermost in use.
A continuous first fillet weld (700) is located within this circular channel between the exposed
end portion of the bollard and the adjacent base surface of the collar member. This weld fixes
the exposed end of the bollard tube to the collar. A second separate continuous circular fillet
35 weld (702) is formed in the circular channel between the base surface of the collar member
and the adjacent inner surface of the through-opening (703) of the plate part not covered by
the bollard tube. This weld fixes the base surface of the collar member to the inner wall of the

through-opening also. Optionally, a third fillet weld (704) may circumscribe the collar member
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This use of a collar member with one, some or all bollards of a barrier unit may be applied to

30  the invention in any and all embodiments.

Figure 24 illustrates a cross-sectional view of parts of a barrier unit such as is illustrated in
Figures 1 to 10 in which a bollard is fixed directly to a plate part, or alternative embodiments of

the barrier units illustrated in Figures 11 to 23 in which the column member is dispensed with.

35  In particular, a bollard comprises a bollard tube (15A) having a base end (701) inserted into a
through-opening in a plate part (9, 10, 11 etc or 401, 402, 403 etc). The base end (701) of the
bollard tube is recessed from the peripheral edge of the through-opening at the base surface

of the footplate so as to define a corner at the junction between the base surface of the bollard
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extend. This length differential permits all of the eight coupling lines between neighbouring

25  barrier units to be substantially taut when the successive barrier units are arranged in an arc.

This is to be contrasted with the arrangements described above with reference to Figures 16 to
18B in which successive of the eight coupling lines (chains) between opposing edges of
successive barrier units are substantially all the same length such that the opposing edges are
substantially parallel when the coupling lines between them are all taut. Figures 26A and 26B
30 illustrate a magnified view of the upper side and under side regions of near most parts of two
neighbouring barrier units showing opposing rectangle side edges, parallel taut coupling lines

of equal length and opposing near most bollard tubes.

In order to modify the arrangement illustrated in Figures 26A and 26B to achieve the arcing
arrangement of Figure 25, a front chain length (408) may be retained, whereas each of the
35  other seven chain lengths (409, 410, 411, 407, 406, 405 and 404) should be shortened by
removing a sufficient number of chain links such that the resultant chain length substantially

matches the separation between the opposing rectangle side edges of the two neighbouring
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links (901, 902) so as to enable an intimate interface between them in use. A first saddle-
25  shaped bearing surface of the shock absorbing insert (906) is sympathetic to the reciprocally
shaped inner bearing surface (904) of one or the two connected links (902) while a similarly
shaped saddle formation (907) is sympathetic to the reciprocal shape of the opposing bearing
surface of the other of the two links (surface 903 of link 901). It will be noted that the
orientations of the first and second saddle formations (906, 906) are substantially at right
30 angles to each other in order to correspond with the relative right angular orientation of the two
successive chain links with which they are to interface. Figure 29 illustrates a cross-sectional
view of the arrangement illustrated in Figure 27 illustrating this relationship of shapes and the
relative positioning of bearing surfaces of successive chain links and the intermediate bearing

portion of the shock absorbing insert sandwiched between those chain bearing surfaces.

35  Figure 30 illustrates an alternative form and structure for such a shock absorbing chain insert.
Figure 31 illustrates the arrangement of Figure 30 in a cross-sectional form. Figures 32A to

32D illustrate the two successive chain links of Figure 30 with the shock absorbing insert
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The terminal ends of the shock absorber insert comprise retention parts (931) formed as
expanded terminal portions of the shock absorber insert apparatus. Each is shaped as a
35 circular-conical frustrum expanding, at its narrower end, from the endmost parts of the
intermediate circular rod (932) of the insert to its widest conical width at the terminal respective
end of the shock absorber apparatus. Each of these two terminal frustrums is hollow and

presents a circular cavity opening at its cone base, the cavity being conical and extending into



25 skilled person. The shaft is circular in cross-section and of sufficient
|l ength to allow it to extend fully fromone side of a chain link (e.qg.

902B) oblwqueiyiot4apough t he t hrough-openi ng of that |i nkcamB2owtoshegond t he
ot her side of the link, and concurrently to do the same with the

nei ghbouring chain i nk (901) which als%1passes t hrough the forner

t hr ough- opening of the forner chain |ink. In this way, the circular shaft
portion of the shock absorber insert obliq 30 passes through the

t hr ough- opeHerRgey 8 the es{up o f’?/fkﬁeérﬂﬁtﬁ'@é’ﬁ"%%f qusﬁef?e‘ﬁ'd@hagoﬁsqquﬁr@ é'l? W have
a m ddl e pownilscaie piasthickrene chodéen &cdd ty be naetang esmirbesablp pesieagfilgeadidrigumb
surfaces (903 i 1 Shgls of

t he shock a S%P§Qﬁ2Wﬁ%%%nﬁn&ﬁ%pPQ@mggpg%@r@ﬁ%shh&%é Sggﬁn#g££aﬂﬁés expanded
term nal poPﬁP@ﬁ@fﬁwc?ﬁ€e§ﬁ6§ﬂ“db§%?B@Nmﬂh@éﬁﬁf@ﬂW%¥hW9§maEé6hpﬁ§5yhﬁbed as
a 35 ci bculmértitoné sick bsdesdef mBarexpandi ng, at its narrower end, fromthe
endnost parts of the internediate circular rod (932) of the insert to its
wi dest conical width at the term nal respective end of the shock absorber

appar f‘t us. FREBmBddirhdHes estMRdtaRl f mug‘t?e{tt)ecf Iﬁéﬂé% E\Fé”ﬁtehéetdhﬂl .im%ta,e%xaﬁ&&em% a
circular cavity n Ss._cone base e cavi ei ng coni cal . an

oxt endi g | AR SN BEEh 1 G e15) teonvATan R BBAYBreS R Pust um
to define f niteshalinesyeak Ingdifitatidestortiechbav €lémbodToamdsemyale as Wyyld bdieadily apparentwal | s
are of ﬁ%thh%§gm§ﬁxﬁgﬂsen so as to be manual l'y conpressabl e between finger
and thu to allow the wider termnal parts of the frustrumto be squashed
or conpressed to a certain extent to reduce size to assist in the insertion
t hereof between the chain link parts when 5inserting the shock absorber
insert. The enbodi nents described and illustrated herein are intended as
illustrative exanples only and are not intended to |limt the scope of the

i nvention which enconpasses variants, alternatives and nodifications to the
above embpodi nents such as would be readily apparent to 10the skilled
person. 15



42 CLAIMS: 1. A bollard apparatus for use as a vehicle barrier including: a
plurality of bollard nenbers; a plurality of separate foot nenbers each
adapt ed fwo 2grouwmd9engagenent by pl acenment upon a groun@CorGE2basosar f ace,
to each of which is fixed at |east one said bollard nenber upstanding
therefrom at |east one flexible couplin )i | ine passing fromat |east one
said foot nenber to at | east one other id foot menber thereby to couple
separate said foot nmenbers such that irrpact forces inducing novenent in one
coupl ed f ooLAMer are transnissible to another coupl ed foot nenber via
the at | east one flexible coupling line. A bollard apparatus according to
any Brecedt 9, ChBpMHY Soothhfadke LEATLANE I GHLBRG CoUPling | ne 1S adapted
to be substanti al I'n use. A bollard apparatus according to any
preceding claimin vvh| ch the at | east one flexible coupling line is secured
to anchos neansaanantyetbdiardengages; sai d ground or floor surface and to
inhibit or restrain novenent of the coupling line thereat. A bollard
apparatus according to any preceding claimin which said at | east one
coupling line eft@wddy bét sepemtcofspbshanpersarcedh oflante fibgavidgndasementenber s.
A bol | ard appar albé&neﬁnﬁﬁwndd &rﬁhr}ﬁ 5r%obl Arficé th BadMbiGihichab fxedt atlIQB6 bneORY
coupling line |§?%ttac S% of the said opposing parts. A bollard
appar at us accor 87'RY TY"RE ”1'?'”9 W said at | east one coupling |ine
conpri sﬂ@ng two term nal ends each one of which is attached to a respective

one of said ODDQﬁéJ},gorﬁéaﬁe&%le Buppd iy &sé%ﬁ‘érﬁ%éa&%ﬁ&ééj& f&gt hemBYo AN&sedi ng
claimin which said at | east one coupli [ i ne extends between no nore than

two said foot nBepe. sad gl W%’PBeré'beﬁ%ﬁyatPlfQ”%%é%?aEﬂt%éa? oL APBEESHER HGt cl ai m
in which said atmgaetafotced melucioy plavergerlt iimené sogiddaiobtediembert awe traesngbditdeitd ng

sai d foot menmbefs,al 86@%8%& %@Fﬁaﬁ%ﬁggﬁéﬁst% @%bl!e%atﬁﬂh(flﬁhe.a bol [ard of one

f oot rrenber i s space roma a sal nel g I ng
2. A bollard apparatus according to any preceding claim in which at least one flexible
coupling line is adapted to be substantially taut in use.
3. A bollard apparatus according to any preceding claim in which the at least one flexible
20 coupling line is secured to anchor means adapted to engage said ground or floor

surface and to inhibit or restrain movement of the coupling line thereat.

4. A bollard apparatus according to any preceding claim in which said at least one coupling

line extends between opposing parts of neighbouring foot members.

25
5. A bollard apparatus accordingly to claim 4 in which said at least one coupling line is
attached to each of the said opposing parts.
6. A bollard apparatus according to claim 4 in which said at least one coupling line
30 comprising two terminal ends each one of which is attached to a respective one of said
opposing parts.
7. A bollard apparatus according to any preceding claim in which said at least one coupling
line extends between no more than two said foot members.
35

8. A bollard apparatus according to any preceding claim in which said at least one coupling
line is attached to two neighbouring said foot members at respective attachment means

in which a bollard of one foot member is spaced from a bollard of a said neighbouring



WO 2012/ 101449PCT/ (B2012/ 050173 43 foot nenber along a direction
substantially parallel to the direction along which said respective

att achmrernwormeer®wiewe spaced. 9. A bollard apparatus ac®craiBrg124050EBY
preceding claimin which the at |east one flexible 5coupling line forns

al ong portions thereof a sliding interfa}@e wi th foot nenbers coupl ed
thereby so as to permt relative novenent’ therebetween. 10. The boll ard
apparatus according to any preceding claimin which a said coupling line
passes al ong antPehBrRe¥rAisch detien pustantaliparlid du fieedrertar dny YHCHIF si de
of all 10bol | ar espativd dtecloodnpheahsfapospaneirber s wi t hout passi ng bet ween t hose
bollards. 11. A bollard apparatus according to any of claims 1 to 9 in

whi ch a said coupling |ine passes al ong successive said foot nenbers

coupl ed t he?ebyAélo”%gﬁ%rqt@ qGeE W 49 9 RIPEFERI GRIN eV thapdisasrne ki si ve

of the csupl ed f:@@tmgvmamﬁmsaop@s@rt.cn@ tlhlﬁ‘édﬂ@%ﬂdlﬂ@lb@l‘fb@r\dﬂh fock ZnembeRoligéd
appar at us accormepeg to_cl f oot nenber extends in a

direction transverse td tf)i?embt rfﬁtgredmovferp%%t e'ré}aeeg'vefeo froma proximal edge to
a distal edge further fromthe bollards than is the proxi mal edge, wherein

a said couphpngrhd Btﬁaﬂxép?%@s %Q@dr@a@tﬁﬁiydprweamg %im ﬁﬁj\gﬁeh arég.dtce@pnh@h.h@r ds
are upstanding fromthe

dges.
1 A hol 1 ar 0 AL AECPREAGor 500 HemegoroRReR peieby 3P and st Shefbe
extends10n a di !pqﬂertdsofrthe ranid &osmembers vithdobbdsaing setiveerettiosetpeliaadn from a
pr oxi mal edge to a distal edge 25 further fromthe bollards than is the
pr oxi mal wherein a said coupling |ine extends al ong said distal edge,

and the bol ﬁér ds PRFEd GRRA AN PRS0l AW T CEEES A3l "ﬂ’épthv%é"f‘id SEIRING MR mal
and di stal edgepgassesldlongAsuvoddsae daidpatrra¢niseracaptedi theebyoatcdpmbsite Islicéeasivhi ch a

sai d foot rrenbegide%)((gfetﬂg%olle{?dsaof successive of the coupled foot members, passing between
15 bollards.

12. A bollard apparatus according to claim 10 in which a said foot member extends in a
direction transverse to the bollards fixed thereto from a proximal edge to a distal edge
further from the bollards than is the proximal edge, wherein a said coupling line extends

20 along said proximal edge, and the bollards are upstanding from the foot member

between said proximal and distal edges.

13. A bollard apparatus according to claim 10 in which a said foot member extends in a
direction transverse to the bollards fixed thereto from a proximal edge to a distal edge

25 further from the bollards than is the proximal edge, wherein a said coupling line extends
along said distal edge, and the bollards are upstanding from the foot member between

said proximal and distal edges.

14. A bollard apparatus according to claim 11 in which a said foot member extends in a
30 direction transverse to the bollards fixed thereto from a proximal edge to a distal edge
further from the bollards than is the proximal edge, wherein a said coupling line extends
alternately along a said proximal edge and a said distal edge in alternating succession
along successive said foot members, and the bollards are upstanding from the foot
member between said proximal and distal edges.
35
15. A bollard apparatus according to claim 12 including connector means at or adjacent said
distal edge adapted to engage with the foot member thereat and concurrently to engage

said ground or floor surface to connect the foot member thereto.



30 direction transverse to the bollards fixed thereto froma proxi mal edge
to a distal edge further fromthe bollards than is the proxi mal edge,
wherei n aweantt/woupl i ng | i ne extends alternately al ong &CsaiBtoprosai7aal edge
and a said distal edge in alternating succession al ong successive said foot
menbers, and the bollards are upstandin% fromthe foot menber between said
proxi mal and di stal edges. 35 15. A bol *4r d appar at us accordlng to claim12
i ncluding connector neans at or adjacent said distal ge adapted to engage
with the fod® nBritpderdt3pepalys a65erdds e LAY eeTeying oClaiMg Reedind iconGFBL Msant

fl oor surface talapedieaigagdeitt aetsone mbedchishie fat membdMand concurrently to engage

B LA OP T QAR Ad Tt d ARl B bl RBALASgCCOT 01 NG Lo any
preceding claimin i ng connector neans ada to engage with one sone
or each said foot menmber and concurrently to engage said ground or floor
surface §0 epnnegd bblRAk Bmtatmma&ﬁrdu{gh@r 8iyopreddihgbahimamdwripp 3t@ksts eaghiodr di ng
to any precedlnsqe m.in which ucc%mﬁJve sai d separate foot nenbers are

68!‘8?6 fo % mbenrb|ers ade separa

separated by a Space paratus gccordlng to any preceding claim
conprising at |least three said foot menbers. A bollard apparatus according

to any precegi ngb6ilad &pphRtushiceidif@elting BiedediRPdiaiRBRBrsiHgHE lcdsteme 8 HhiglRonEaNS
adapted to determ npe or define the direction of travel of a said coupling

line along the P88 fenber and through or along which a said flexible
coupling0l i ne passes. A bollard apparatus according to any preceding claim

when dependegt N%thr&bﬂda‘}at& éc@&rldH 't@gnysﬁrbéédﬁaa%féﬁ?ﬁ mC\%IW éa%h RGid 9688 nRImbEPr €
anchor nenbers sel ected from ure neans adapted fo round penetratlon

or enbednment t hBFEEy UEeIPSPP d‘éapéedf foxastfr@ing 1pé Kee; th%lﬁtﬁec“%i’f fFitvehl gneaid
adapted for sur&mom@pMaebmpmbﬁandembapmdShmgmamhmﬂgmmkhmeagmbmsubémmmpnt to
render it subst tgﬁggy i movabl e manual ly. A bollard apparatus accordi ng
to claim?20 in ich a said anchor nenber conprises a foot nenber including
bol | ard'®enbers. A bollard apparatus according to any preceding clai m

i ncl udi ng shecka dornd BpparstBaBcoRMigRb efy beecs@hdl clain WRasdepefdent Ligxl did 3

coupling 11ne i AURIIERhg ARSRLD OB i ARSI AL LY GBN e Shock

| oads/ forces applie

fixture means adapted for ground penetration or embedment thereby to provide a fixture
20 thereat; and,

weight means adapted for surface placement and comprising a body of weight sufficient

to render it substantially immovable manually.

25 21. A bollard apparatus according to claim 20 in which a said anchor member comprises a

foot member including bollard members.

22. A bollard apparatus according to any preceding claim including shock absorber means
coupled to said at least one flexible coupling line and adapted to absorb energy

30 generated by tensile shock loads/forces applied along said coupling line.

23. A bollard apparatus according to claim 22 in which a said at least one flexible coupling
line comprises a chain and wherein said shock absorber means includes at least one
compressible bearing member adapted and arranged for removable insertion between

35 opposing bearing surfaces of successive connected links of the chain.

24. A bollard apparatus according to any preceding claim in which one some or each said
foot member comprises a plate from a surface of which upper most in use said at least

one bollard member stands substantially perpendicularly.



A boll ard apparatus according to claim22 in which a said at |east one

fl exible coupling line conprises a chain and wherein said shock absorber
means i ncWoder/mt44beast one conpressi bl e beari ng nmenber patag2etk/&Em3
arranged for renovabl e insertion between opposing bearing surfaces of
successi ve connected |inks of the chain45A bol | ard apparatus according to
any preceding claimin which one sone or“each said foot nenber conprises a
plate froma surface of which upper nost in use said at |east one bollard
menber stands substantially perpendicularly. WO

2012/ 101449P€CT/ A&B2RiR AfpatitusIccdtBind\tdalyl medddiag plaifaib rehich Gt @asti twg sio baltayd
precedi ng cl ai l.ar d menbers are fixed to
each said sepapg%@b¥g%%h%§ﬁggg§&%Cﬁﬁﬁ?aééqgﬁ%g}gius according to any
preceding claimin which a said plurality of separate foot nmenbers form an
array i nswhpgh E&Sbhar&&aipﬁarﬁ@@tacﬁ@ﬂb@ﬁo iaBy c;faétpdjuﬁ@l ctaﬁn eraa\mcatéweéudfméntmﬂber
by at l east one Corgpenfo mem efslfgr)r(’r{ ?:lljnl arracou IChn&CL oofA\m m erl Uqg(P[ar al US
according to any prec ing Cloarman Whic S&i & f ar' ? %eparafe of

f oot nmenbers f oetherdert memagr hyr?éle@@rom m{hmmﬁﬂd fl%lhb@@lspllod |lrwh| ch conpri se nore
bol l ard nenbers fixed thereto than are fixed to snaller f oot menbers

i nt diate th I
any. precedi 45 chdo T PRFFER oAl R A0y PR IROAED § a0 MEABLES for m
an arraj0of sucespssievd fedpeandies oootn peambibe sermmaf footrhsmizpacfedhidnentphiss

bol I'ard nmember sy,gf; Hoha% RloFnB¥rs Bk& tALER thH drOfidtl Yo SRARPEot bRk iAleHnRRAT at us
according to an FE)rece ing claimin which each said separate foot nenber is

formed from st eBF emaing fQAMEMRErS| east one bol | ard nember conprises a steel
tube. A bollard apparatus according to any precedlng cl ai m conprising at

| east one ¢ é' an BESﬁ”%’Bea{p mﬂg@gdﬁ%}ﬁﬁg%%&&r&eﬁﬁ@% ‘x’thcﬂ e%"éQiQ pﬁmﬁl"{'&a%g ina

respectlve oot e col |xe ed) to
t he basédend of seRatts foalk Hemarh & acRrey of E%E%SIVBﬁP‘%rﬂté f%l”l‘%i‘iﬁ?rsn‘ﬁ‘r'fﬁ@ﬂy

t hereat and whegmidy dndendisdlilbraimeiDERE the Sirrtpst ardiunigrhiy epaceie surface of
foot menber from which the bollard nunber is also upstanding. A bollard
apparatus according to any preceding claimin which the base end of a
bol I ard nmenB&r A $olkses prriarstschopprding tp 2nyrrsegsding chaien infwhinhiciacky paith sergrete foat

respective footmempdres forhél b RbNahd ¥R at(I8ash ondVBdiIdROherlibdr @6biset @ stdae f oot
menber on1mh|cp it is upstandlng A bol |l ard apparatus according to claim

29 inclfiding a % Urality of said collar nenbers each one of which is
positioned within a respective said through-opening in a respective foot

member wher 90 n R%rbr&%hﬂ)a?étué’r%%ﬁfng' ) Jn‘y)ﬂ?&eﬁl tcré?m Q@rﬁﬁrls%dat%as?-o%[?@“%at e
respective boll er of said gmura It o? menbers.

2012/ 101449PCT/ B&» r29°6@ 3w|th|n a respective through- openlng |n a respectlve foot member

wherein the collar member is fixed (e.g. welded) to the base end of a bollard member
25 and circumscribes the bollard member thereat and wherein the collar member is
upstanding from the surface of foot member from which the bollard number is also

upstanding.

31. A bollard apparatus according to any preceding claim in which the base end of a bollard
30 member is positioned within a respective through-opening in a respective foot member

and therein fixed (e.g. welded) directly to the foot member from which it is upstanding.

32. A bollard apparatus according to claim 29 including a plurality of said collar members
each one of which is positioned within a respective said through-opening in a respective
35 foot member wherein each collar member is fixed to the base end of a separate

respective bollard member of said plurality of bollard members.



46 A boll ard apparatus according to any preceding claimin which the at

| east one flexible coupling line is stretchable to dissipate energy
transf er reo 20tee0et49 by novenent of foot menbers coupl edpChaBebiz/osd7Bol | ard
apparatus according to any preceding claimin which the at |east one
flexible coupling Iine conprises a cable QOr 2 wire or a chain or a rope or
a cord, or any conbination thereof. A bSl ar d appar at us according to any
precedl ng claimin which the at | east one flexible coupling |ine conprises
a chain, or3% pf&P@q eRPAFUSATEPAISY IR e@ding Cate Bpyhich tgﬁﬁb'ﬁa%&%iﬂ%‘t‘b'ea | oad
capaci ty equal tapliiy lige Gadtetchathiato dissipatelhelygttianderd than® bgmibvafedtantoot A Ki t
of parts for a s according to any preceding claim A kit of
parts for a bol rlmgrlrn%j&gg% nE%e % use, when assenbled, as a vehicle barrier
including: a plurality of boI I ard menbers; a plurality of separate foot

menbers gachs. adarbbmb éwaregrscuw&d.a@gag@rméﬁedhg c[alnamemtth@ BOBash ofé AeKME Or
floor surface V\/ner ave f| xed t hereto at

| east one said ng I@e CO gsresups Hb(ﬁu ngwir?"lé)F gf%(%'rrﬁ at "Trealt 8?{3 [ 8% bl e

coupling line a@mﬁﬁ@ﬁoﬁfberpdss fromat |east one said foot nenber to at
| east one other said foot nmenber thereby to couple separate said foot

mb that j t f [ | ed
Tember ar e thank RPIEET B SHILREI THIETEE"S GBI ReTIG G Faoth v s
one fl ef@bl e coequbiingding coreprisben cisin, ooa plustity oAchaglsi adapted tpacseptizeghpeleipad

conprising the halbay dpaRpan i bor §ceRF GLAG G AN 5a6RUMRG0HRI M A
vehicle inmpact barrier conprising a bollard apparatus according to any

precedi ng cl ai m pl aced upon an unexcavated ground or floor surface. A
met hod of as&enbki oigads foelballael dppamive bedontihgtdiamgpreqadogiciormg a plural ity of
separate foot nenbers each adapted for ground engagement by placement upon
a ground or floor surface, to each of which is fixed at |east one bollard
nmenber Upst dhdi AdttHPrEs F%rﬁ bolipyd 3a38PPIY dor4use PEtFNGEPETLIeB 581 7 Jehicle barrier

including:
a plurality of bollard members;

20 a plurality of separate foot members each adapted for ground engagement by placement
upon a ground or floor surface wherein each foot member is adapted to have fixed

thereto at least one said bollard member upstanding therefrom;

at least one flexible coupling line adapted to pass from at least one said foot member to
25 at least one other said foot member thereby to couple separate said foot members such
that impact forces inducing movement in one coupled foot member are transmissible to

another coupled foot member via the at least one flexible coupling line when so coupled.

38. A vehicle impact barrier comprising the bollard apparatus according to any preceding

30 claim.

39. A vehicle impact barrier comprising a bollard apparatus according to any preceding

claim placed upon an unexcavated ground or floor surface.
35 40. A method of assembling a vehicle barrier including:
providing a plurality of separate foot members each adapted for ground engagement by

placement upon a ground or floor surface, to each of which is fixed at least one bollard

member upstanding therefrom;



47 placing said plurality of separate foot nenbers upon a ground or fl oor
surface to forman array of separated such foot nenbers; 5providing a

fl exi bl e woupiZmnwp4bi ne and passing the coupling |ine frecraB2easbi7eone sai d
foot menber to at | east one other said foot nenber thereby to couple
separate said foot nenbers such that irrpgct forces inducing novenent in one
coupl ed foot nenber are transm ssible t 8’anot her coupl ed foot nenber via
the at | east one flexible coupling line. 10 15 20 25 30

placing said plurality of separate foot members upon a ground or floor surface to form an

array of separated such foot members;

5 providing a flexible coupling line and passing the coupling line from at least one said foot
member to at least one other said foot member thereby to couple separate said foot
members such that impact forces inducing movement in one coupled foot member are

transmissible to another coupled foot member via the at least one flexible coupling line.
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