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BOLLARD SYSTEM AND METHOD OF | NSTALLATI ON Fi el d of
I nvention The present invention relates to an anti-ram
whoelras7assenbly and depl oynent of nultiple bptT/a6zh07/000035
assenblies to arrest vehicular attacks, and to prevent
penetration of the vehicle. Background of the
I nvention In recent years for security reasons, nany
promn SPERNARDSMERERSD i ngs,
enbass?ggdgggﬁgg%tlon %ghtreg‘ gﬁyﬁﬁ$fgnsport§?|on
hubs and ot her perceived terrorlst targets have been
ed.wth barrier systens to protect the
F“@@Pgﬁﬁ' B%¥ents from vehicle attacks. Especially if the
vehi cl e is heavywei ght or noving at high speeds or
carryi ng expl osives, the attack can cause extre
desTh B Invgrtieekatessioran svitiggm heHard pssrantly ﬁe@d%@ﬁnent of

muztﬂ%é BB \Qésgﬁlnbhgk?to' J}Iegméhﬁcrﬁlaﬁ’fattwk?tﬁﬁttb e Jééil'eﬁgtﬁ)n of the

structures m attac or c ncre
velbeler i ers may be erected around a building to obstruct
vehi cul ar penetration. In order to resist |arge
i npacts from speedi ng heavy vehicles, the barriers
BabltouiidoDthe TRG&ItIH, resulting in a | ess aesthetic
system Barrier systens enploying bollards nay be nore
aesthetic. However, due to their smal| form factor and
wei BhiecertoyRagh ioro wrlworqams mapp preemgnt pytallishmpyts fuch as

go@er}ﬁﬂér{t'tﬁﬁldmlggbo P goccﬁﬁ th deAfOE rﬂu'g}:l (’cl:a%spc}rﬁﬁgn hubs and

convention usua y requi arge and
otfbapqselvah@rrdsma@ctsalmmb@ﬁs equiprgd oty bartiei syskEaseto. protect the

B X IR

at il sptédm&afrgmg wRplositlexr fheaxaakvah icaute leQtréms Hestduction.
bollards is costly and tine-consum ng. In addition,
deeg excavation causes disruption to utility services,
A

i nc v beries sysepelwetsiica heanreatrioxed vaHibe freion of profesting
buildlngt hBSEuAGERE ASh £k RN GRS IR birrRls hBPbd SRS hBlnd a

building to obstruct vehicular penetration. In order to resist large impacts from speeding

heavy vehicles, the barriers have to be massive, resulting in a less aesthetic system.

Barrier systems employing bollards may be more aesthetic. However, due to their
small form factor and weight, conventional bollards are useful primarily as a barrier. In
order to resist large impacts, the conventional bollards usually require large and deep
bases, and deep excavations to anchor their bases. Because utilities transmission such as
electricity lines, water pipes and communications lines are often buried underground,
deep excavation to install bollards is costly and time-consuming. In addition, deep
excavation causes disruption to utility services, inconvenience to pedestrian traffic, and

often results in a less aesthetic landscape.
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Enbodi ments of the invention relate to an anti-ram
bol l ard assenbly and a barrier installation conprising
wa2@selity of anti-ram bollard assenblies toP@I/BGHENT/000035

vehi cles frompenetrating the barrier installation.

Enbodi nents of the invention are particularly

advant ageous as the bollard assenblies may be

' i | ow trenches without the need for
Suggg%ggggg%gﬁ?gﬁgﬂthat may disrupt various utility

lines buried in the ground. The depth of such trenches

may bou 0. mar |less. Yet,.the | ct ratin .
(Bt ettt topatin gy A6 el BUpEFigerBly M a barer
inRRE6D LorBSisifRya plaralitpsanedam\blladaseaiblicotndirevant Vehicss from
of simlar formfactors. This may be achi eved by
pepeiratipg therbartel skl lgdomer ei naft er descri bed. Each
bol | ard assenbly conprises a base assenbly, a bollard
menber attached to the base assenbly and a
r ei Mindodimatst ofighbanventioncdre cparticulanly pdvoatagessnid yhe bollard

whi.¢h ext end er.al | in a.dir ' ial .
os ol it SR Rt Befbrs Wi Ebh e BUREFGH e chdbvarions
th@&ﬁ@ll @d'!sﬂuﬁlS\tl)ai‘RMs il ityolivseis rbgﬁédédl tt}]ﬁ gg@{nido LTEheV%pﬂlh of %uch trenches
i nc in ut not mted to the foll ow ng., The
may. @ﬁevtylg%v qr .lﬁsrsugsta e 1@5%:5%“&@-%@%&% ipngagiigadine) of the
bo?)loﬁ’x‘ﬁedl I asl?e%‘tﬂieﬁna&rb% iRPkdval G vEEIASEntIHBY BoBards toXGhigithr fIME factors.

d nenbeir may be a hollow structure to receive a
Thig mpy herchiavad by wentas deairenas hesairaficndeseibado i ncrease a
mass of the bollard assenbly. The reinforcenent nenber
may have a length greater than the I ength of the base
ass dabh yollafdh essemblyacanmsseabhse asseynble aclorilstd metmbekr @tadhed to
arranged to receive rebars to,conpect. adjacent bollard,.
S SaEnrorats 8y pleE et mpgPFan B bR B 28 gyl Which
exEtRB MRERIAn faQlifbeBort Seehiialy prspeatiicalat @Nthe Botlard member. The
lurality of bollard assenblies may be_arranged at a
bofia@op@mhheﬁ awy diesonpisectedhiararigryvasn Hehding B nog Hayited to the

P88, Sl AL e i i oo n
oftlecbiliaetimeiberamay hpatached Ehpedtacdtimbmben mayphe eihollpw structure
to receive a fill material therein upon installation to increase a mass of the bollard
assembly. The reinforcement member may have a length greater than the length of the
base assembly. The bollard assembly may be constructed and arranged to receive rebars

to connect adjacent bollard assemblies.

A plurality of bollard assemblies may be deployed to form a cohesive installation.
The plurality of bollard assemblies may be arranged at a predetermined distance apart
and connected by rebars to provide an enlarged effective base area for stabilizing the
installation when an impact is received. If an impact is expected from a particular
direction striking a first side of the bollard assembly, the reinforcement member of each

bollard assembly may be arranged along generally the same direction and extending from
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direction striking a first side of the bollard

assenbly, the reinforcenent nenber of each bollard
wa@e@enloy7 may be arranged al ong general |y the BEr®8G2007/000035

direction and extendi ng froma second opposed side of

the bollard assenbly. The reinforcenent nenber may

i nclude a free end spaced apart from ot her adj acent

l,ar d 1018 t t :

o sp@p PR SR AU ORIR, 1Y ol R ALY inpluce
a fike loAd Epaeéd apasttiedn aiﬂlemdjademfhmllardlmsmnmes o significantly

i ncrease the dinmensions of the bollard assenblies. For

exanpl e, the deploynment of an |-beam arrangenent is to

enhangsmbiRfiont srefgdehan@l othélerehafs 26 dediied.- to ihereie! th@ipact
menber is to receive a fill materi al i ch is designed

rattn@ of arhgwmicri ipstatstiemavthous having to sianificgnthe iseaesehelimensians of

B%?A(ass Bli ﬁsbngp lﬂe% 2 o?%ﬁﬁ}é hél¥ o‘?f tlhfeaﬁ’loéljr gment is to

er att ac
enlidnee bl%etrargﬂenbtbe bmel aseelbl s é[dmrtmdlardnglembﬂn ou® receive a fill

gl NS G SPIEn e cowelt RESot s bofigt FEmbFefin it is
stridN, HRFdby aGERATBIng Slfealing afthe BeHat ndditen s struck by a

vehicle, the inpact force is transmtted fromthe
bol I ard nmenber down to the base assenbly and is

di S% RAdeehe! fb&xﬁb‘&@m&f}emEﬁb&f HLRIEN tHEEBQ@ra%S%bIFWJnU rebars

as t e netwo ars connecti ng adggcent bol
comsstmgargsis bhHerdaassamigisrent tooprovide aneifistiovecionmmat load transfer.

osite sid
MATE Spea el AP RS g kB0 il A1 PheARARIPI Kuhdh by
vehiole¢ ¢heMihgdt faoelSs ltt@nstrmﬁﬁdl éronh ehdobblllard dnenstrdp edownl tee the base
net wor k of _bol | ard %%%Snbll connect

by reba
asyePNN el 15 dissinptsd JuauEr hedein BreBBngnass 89 well s U network of

reBEPsV ESR RN POb 1R gss%ﬁlﬁﬁ&m YhéBdakRmeaNst fRi RedorBdment
he rigid connection to adjacent bollard assenblies,

mamuee on atlwanesitgsidewifithe brdlaxppsarrably ufrsnedt ehan igoprng Fepact is
to fcgllnlter%g 9:89%'& %rk@ %h%ﬁggﬂdsp&)' l@ﬁlg l:foﬂgllder}%rﬂ erl hf‘he network of
aSSoCl a raw ngs. rief ption o Dr awm ngs
bollard assemblies connected by rebars provide an enlarged effective base area so that a
movement in one bollard assembly may be constrained by the rigid connection to

adjacent bollard assemblies.

Other advantages will be apparent upon reading of the following detailed

description and review of the associated drawings.
Brief Description of the Drawings

FIG. 1A is a perspective view of a bollard assembly according to one embodiment

of the invention.

FIG. 1B is another perspective view of a bollard assembly of FIG. 1A.
3
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FIG IAis a perspective view of a bollard assenbly
according to one enbodi nent of the invention. FIG 1B
WO go0aener perspective view of a bollard assebP@i/gGmin7/000035
FIG IAFIG 2A is a perspective view of the bollard
assenbly of FIG IAwith a top plate of a base
assenbly renoved. FIG 2B is a perspective view of the
bollard assenbly of FIG IB with a top plate of a base
assenbly renoved. FIG 3 is a close-up view of a base
assEIthRW st pets@ectivBviell & thelboliasd assprablypd FIGVEA withw top plate
fé% |nstakggt|oqyéonprising several bollard assenblies.
ol 80382 aRBIPY T§MB¥ %S pecti ve view of the installation of
FIG 4A having rebars. FIG 4C is a perspective view
of the installation of FIG 4B wth the ground s
r enthedB IFp@ersnestive vigwpeiriBpbeliard assombly SH1EHE witha top plate
IG 4B in a conpleted state. FIG 5A
0fd&ﬁ£g&%?%BH%¥@%%fV|em1of a layout of rebars. FIG 5B
I's anot her perspective view of a layout of rebars.

b
| nstI6r Pt FoRoRRb VRt ATy o P Ge T <

perspective view of the perimeter barrier installation

of FIG 6A in a conpleted state.Detail ed Descriptiqgn

I n ¥k 411 GWiPRIEPUEEE Mgt 106N HISHERRS cQpRis Ry égverﬁ bollard
ass@fbi@dsl s are set forth in order to provide a thorough

under st andi ng of various illustrative enbodi nents of

the present invention. It will be understood, however,

to Pf&:te 4%kils lageliSPeC%Vé t;% 'ithe 1%&?15'&105%?? qe% P?asvgr{gellega% S.

pr eserit or al |
of these specific detalls In

FIG. 4C is a perspective view of the installation of FIG. 4B with the ground site

removed.
FIG. 4D is a perspective view of the installation of FIG. 4B in a completed state.
FIG. 5A is a perspective view of a layout of rebars.
FIG. 5B is another perspective view of a layout of rebars.

FIG. 6A is a perspective view of a perimeter barrier installation provided with

rebars.

FIG. 6B is a perspective view of the perimeter barrier installation of FIG. 6A in a

completed state.
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ot her instances, well known process operations have

not been described in detail in order not to
warneoewsari |l y obscure pertinent aspects of enbOOSEENT/B00035

bei ng described. In the drawi ngs, l|ike reference

nunerals refer to same or simlar functionalities or

features throughout the several views. Reference is

DeBERd DRsdrifftfon | A @nd 1B which illustrate perspective
views of a b& | ard assenbly 1 according to one

enbodi nent of the invention. The bollard assenbly 1

[ senbly 20, a bal.lard, menber 10 .
o o] R Tot AR HREBERE kel cing oo Tafai 2t 1o dath nerder o
progidafzo thoeopht uderseeidingOofay 4rRal @Hudu@tivd) 8mBadifeAR SEMRL Yoresent

. 20.. The base assenbly 20 may conprise one or nore
mW?Elé’%ﬁ(V&*ﬁsqﬂrlB’éiaﬁ%éf hpveeyers 19 one dilleshigdhe attsthatwimbodinents of

the PedieMARPNLIDE nfayt pr%tﬁ:%i? v@t%ogtgso%t Jroeg? cﬁletﬁgs% s%g'ciﬁp Qeidlis.

| east one interrmediate ate I nt er pos
othpid pEweHeEl ki frocess opptitimnehpleatot bedn @Bcritryl ibdetail in order

[ . to nd. bottom pl ates 22,,.24

2 ko BB Bt e BRbodiale BofiR el 1 e
dra@ing2A4likd refedesceenirnelaiyanfer @b skhEsor Jibil@NfinkbBnali@sy or features
hint rredi at e ﬁLates 26 are provided in the base
tg?§@ﬂgﬁ§”§6mﬁ 4e¥Yi-sposed substantially perpendicul ar

to one another. However, it should be appreciated that

ot her nunmber of internmediate plates 26 may be provi ded

and RedSrenee i§imaslssiedt s, bhved @hyhish illostote persmttier views of a

I L0t -ate plates 26 e

Y ok S Ao B R e B uPesBofin g ek assembly
1 elingprssed base aatrmitly 280: hdlgrdeasmbert 10 prejepans frém tiRARe assembly

t he The | -beam arran ti 0 provide
200 b e remBE el BEdeeTa0euns ol Bhisrgsembly 20.
particularly, the internediate plate 26 supports the

top.and the bottomplates 22, 24 to prevent
def J%M%S% RS 80 gvas semprisadingPrpnpisr [-peani (qyaldibeam) cross-

se!gﬂﬁdér%géngﬁk,lﬁﬁigh B AR TcorhBri sy t(&ﬁ)lﬁﬁfﬁé\él ) tﬁg% D8 24 and at

ase assenbly 20 and I ntegrated
least pan gerarediatavblate 2 értérposed| thergbeawteamweThe inderafediateeplate(s) 26

1 RISRL 0 B TR oo S mppore o
and the bottom plates 22, 24. In the embodiment of FIGs. 1A and 1B, four intermediate
plates 26 are provided in the base assembly 20 and disposed substantially perpendicular
to one another. However, it should be appreciated that other number of intermediate
plates 26 may be provided and may be disposed at other angles to one another. In the
case where only two intermediate plates 26 are provided, the two intermediate plates 26
may be disposed at about 180 degrees with respect to each other. The I-beam
arrangement is to provide reinforcement to the base assembly 20. More particularly, the
intermediate plate 26 supports the top and the bottom plates 22, 24 to prevent

deformation due to static loading prior to impact loading.
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bottom plate 24 as well as the internedi ate pl ates 26.

Such an arrangenent is to increase the strength and
wae@biohiory of the bollard assenbly 1. Exenpl arRCT/SG2007/000035

arrangements of FIGs. 2A and 2B illustrate the bollard

assenblies of FIG. IA and IB respectively wth their

top plates 22 renoved. A |l ower end of the bollard

nme 0 :

Suphord B P, PO Seorelhilt R gl GeMp B0, ond ipteprated
wmhfthé heecdo Iah*angbnfmtm&ore KPecificallgha ldvebr ad @y pheclodllatethember 10

may e RES  GF QHCHDCREEHA: POt e rarbe NGy PBE 25 the
bo@(ﬂf'{ F&?egﬁﬂaé \K}elpﬁshtﬁé uﬁém@diaf@ﬂ&tés 24. St ahnRy@Addnnt isthéncrease

bol [ ard nember %q holl ow to receive a
therrigogtheang h;tabmtmof e Rallad asspmbly haEXmglthﬁ%g%%ﬁt%f FIGs.

ZAEdrnld?afE?gnxggrgtg g}%ﬁ B&%?J %gm}pﬂefgo& PGS A Ll 'anreEHecttl\l;b‘?y with their

mat er | aI iIsto
topsplhlst amrerabvealaszs lowertdnd dfohd bolthrdswetviot Y0 1s atmched to a bottom

' t he b
Plefed L TLIUPPIE Bo oeb ML SBET AR PSP o gl b pplkyg member
10, RR&ild b6 a V\ﬁﬁreﬂb’@ﬂ ehdt otide heaimRineas allbehdi the balmld emeafber 10 to
sheari ng en the bollard nmenper 10|§struck

be jnipagies ifHRe -goHATEHESTRE M) s cBTSaged if Pl ngdjments of the

invdB&rial, the fill material absorbs part of the inpact
and constrains deformation of the bollard nember 10 to
prevent failure of the bollard nmenber 10. One or nore

SR RS RIBEEFAA er
Wh&ﬁlSBzi’ﬁbhbghlcon\Méﬁmva stehith) e.gstcondeas, tipun botallatich o tiee bollard

t he t force is ansferred to the S
assa@ékw ny@ofa @ﬂ&t?f@?ew ‘f“{é{ SHosRREdngss ﬁ%ﬁ@%r@f‘%@ agsgmply 1 to
reiffolctl tR@b&1Thrl ShekibRr S0/ VOMOEH NGB maril intH B beNakdmg@ber 10,
base assenbly 20 is therefore nore capabl e of

thesbellsird imeimhgr tiAds hatrieato Hedergriipn.ybendifg eandt gyen [sheariag gvhen the
bolTR TG m b 108133& &&kbﬁbx ﬁyge lﬁﬁge&.t - witi&né %ualfugﬁ G Wifable fill
ed by the

menber's are ase area provi
maoait ths fﬂalninht;enﬁlOattsorbs portedskee ghjpot hid yorsfraink defoohftzomdof the

boﬁgra Ff‘nnebnlll}/er 10 to prevent failure of the bollard member 10.

One or more reinforcement members 30 may be provided in the base assembly 20
to increase stability of the bollard assembly 1. When a vehicle strikes the bollard
member 10, the impact force is transferred to the base assembly 20 and to the
reinforcement members 30 to be dissipated to the surroundings, e.g. ground. A large base
assembly 20 is therefore more capable of stabilizing the bollard assembly 1 when the
bollard member 10 is struck by an impact. The reinforcement members 30 are to enlarge
a base area provided by the base assembly 20 to increase stability of the bollard assembly
1. One end of the reinforcement member 30 may be attached fo the base assembly 20
while a distant free end 32 extends away from the base assembly 20. In the embodiment
of FIG. 3, six reinforcement members 30 are fixedly attached, such as by welding, to the

6
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1. One end of the reinforcenent nenber 30 may be

attached to the base assenbly 20 while a distant free
wenw78219¢xt ends away fromthe base assenbly 20rPCT/8GrU0@000035

enbodi nent of FIG 3, six reinforcement nmenbers 30 are

fixedly attached, such as by welding, to thebottom

pl ate 24 of the base assenbly 20. Wile FIG 3

i t 3| .
ohblt s o8 e 455 RLGGGTRY, WIRRIRER R cptrcomen
megibafs@0ce mﬁhndrmah‘rmls Sit %uhﬂ}et dp@i@%m@d’db’thﬁ(’c;th@ Fsﬂ:tllﬂblfc'éﬁ@ﬁt%embers

n ers |1 IS
3) SRY Sk Rt el SHIE ST & (Thorseh stielarameneinnbers (st

rediiforvement h@n@eﬁ?tiooﬁi‘epillﬁh@atgd“as ot 1BRAL 1o a rbT%ttom late 24,
ﬁiiglnf rcement menbers (second reinforcenent ne f

rejpiorcement tnémbpré (sespndprednfercemenst methberkamey be attached to
a first. rei.nf
tf@s‘?ﬁe%% 20 0P the SERAUSUELI, AU oot ® b Pl BE G R Rboement
mmbersa(nb’edgi\’m)mh"lrhm relsfog:bmamtemembaﬁ i) gﬁﬁgiabe of [ehftB which is
and a ction di aneter or
AR naR 10 of e SRR s Slig 2, ) Sdrarsgr i iamator e djmension
whfchtlh sub3auntialas Seatd YhadQe hel 51 98 tIEH BREMLEJAD %Ia% € hese %I'OP%I’UOHS

ant ageous I n redu |n materi al costs. rration
arf’ﬁ‘ VISP B iR R $o%9 Vaigtions tawlreretidpreerdent gnenrbers 30
[
o TR G LY 1
Geferglly, ité @pl@evmhlghmmnactsraﬁ@g, the mglnberoéf remfhlfcemelﬁniﬁélhbers 30,
on area rei for cenment
o g B R B S Phatr Sh Bt PSRt rembers 30, o

aa'mbmnidnahdemﬁ@mmcrkam.cor ding to en‘oodl ments of the
invention may be connected to other bollard assenblies
1 to provide a cohesive installation which is capable

of arHeesblidd ds%ngﬁy'lrrﬁ@c%}dlﬁé)rt %@boaﬁle&@ ﬁ%fﬂ;rlg ggé&on may be

internedi ate pl ates 26 of eac ase asse
copeeqiest i ether dollawsle psgemblédsal do Poavidder @hEhV@ ungsltallatlon which is

ca?)%ig G Err@sgijn Hé IP}S)AC £ cgesa Fb é):ugosogég edéage Rlaw 46 of each

nt er connec sever al
bast @sseaibiy 20 ]lﬁdy ibs pée&mtedbﬁdrebﬂv@ retRkL 1 04 @lieaé IthiotigH & @6nnect

cﬁ ﬁ?tgor Zlgxégagéqﬁ?lvs g%i}ggriﬁlltqqgongg&%%nc}f Isg\sle?alll b%ﬁllrld%rss%mbhes 1 via

the rebars 104 is described in greater detail in later paragraphs.

As compared to a conventional bollard, a bollard assembly 1 according to
embodiments of the invention is capable of providing a same impact rating yet requiring
a smaller form factor. An exemplary bollard assembly 1 according to an embodiment
may have the following dimensions. The base assembly 20 may have a length (Lga) of
0.50 m, a breadth (Bpa) of 0.50 m and a height (Hga) of 0.175 m. The bollard member
10 may have a height (Hgm) of 1.20 m projecting from the top plate 22 of the base
assembly 20, an outer diameter (Dgy) of 0.194 m and an inner diameter of 0.178 m. In

an exemplary installation, several bollard assemblies 1 may be spaced apart by between
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enbodi nents of the invention is capable of providing a
sane inpact rating yet requiring a smaller form

wo 2o 09197An exenpl ary bollard assenbly 1 accorBCT§G2007/000035
an enbodi nrent may have the foll ow ng di nensions. The
base assenbly 20 may have a |l ength (LBA) of 0.50 m a
breadth (BBA) of 0.50 mand a height (HBA) of 0.175 m

1 . h hei ght (HBM of 1.2
oK 87 LB RS o F . PngBa o3 il bt pibefimerts the base
amemblyfI0ym@0be iantalied withifl abowE 190 nf BBMY ppfdelevkP4 m and an

i nner dianeter of 0.178 m In an exenplary
installation, several bollard assenblies 1 may be

SpacBén@Rnk oPYarRRk WRBHRREHS ot a 901%8 gss@}ﬁgw 1 dre E&of"l%mited to the
Accordingly, for this and other enbodi nent's, the base

apygedfisl ynay0variyadserdings toalihpart vietilg mequirements. 46 sitd ebwaditions.

I i ' : ri gus, enbodi nents af  a .
CBARA, I Eamsb P DAL o 0 FDORR NS i rtnin
parametesroy agoobirciting tHeceof Mag bt ircadasaiy d[rﬁ&ﬂéio?@ BEDNbsse tagyémbly 20

.Sl djtions. nerally, . to increase the inpac :
e g et 5 anprepsfunbicyiebs of e Toien dogmmaithe ppsagssembly
2N adiaindienss oP feigfobdRhin aleh®Brst 412 Siﬁ@lﬁdi Viel®h,| MahERPEHd cross-

di.mensi ons_ of a base assenbly 20 (including height,
saceRyRanl Hrahes ohteinforgepiiaaembsts 3he pl ates form ng
t he base assenbly 20, dinensions of reinforcenent

menbers 30 (including | ength, dianeter and
cr osksBiéisi dA, dBe @A amh@Bntiebiese atsembiynLoric dlimatted as having a

30, In EHGs.. | I A and, 2B, the base
sATER A2 tpmieb s Bt nambis Ohal i ol iragetion. Tt should be
appraimeds €t it bmdastsé]ﬁblPozd afidl tHEBOIRRd HeenRs 1 Fhay Hab&@lcross-
cr.oss-section. It should be appreciated that the base
Se&%%flé?r&fls othe shapes, t ineludjag byt aofngmﬁéfﬂ ta,orep@yelpasare, circle, oval,
trigh 88,5 BRF lah P I gdhRGIcal BAP %n-g‘e&ﬁlet?’igélng‘lagf:g. NAk, th]';v bollard
limted to, rectangle, square, circle, oval, triangle,
asggveblzirlymey the rprefaloninatedi and | or sssbmbler geberistallaton siteaymsbsg a high

<28, P 997 SO TR 8 P LR GRL o

assdmtepgdt is ambreageabs imprlovidinggreditet! ingillakioRitineOaridOhigher structure
steel. Prefabrication of the bollard assenbly 1 Is
St?B@gntageous in providing reduced installation time
and hi gher structure

FIG. 4A is a perspective view of a perimeter installation comprising several
bollard assemblies 1 of FIGs. 1A. A shallow trench 102 is provided in the ground in
which several bollard assemblies 1 may be arranged therein and spaced apart from one
another by a predetermined distance. In respect of the above exemplary bollard assembly
1 with a base assembly 20 having a height of about 0.20 m, the trench 102 required may
have a height of between about 0.20m to about 1.00 m. The spacing of the bollard

assemblies 1 would depend on the impact rating required of the installation.

The bollard assemblies 1 are arranged such that their reinforcement members 30
are disposed generally along a path expected of an impact but opposite the side of the
8
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strength. FIG 4A is a perspective view of a perineter

installation conprising several bollard assenblies 1
wWo@R00Fh®@977 | A, A shallow trench 102 is provi dedPCTSGH®7/000035

ground in which several bollard assenblies 1 may be

arranged therein and spaced apart from one anot her by

a predeterm ned distance. In respect of the above

. i t .
boffi§ ARefbYy PRk e BARACY it Porbadfipl, RO iethpected
fromegqydirectidn wa path X/ ®vardsed fijist sidd ofebollrehasatyobly 10tH20eIf@cement
about, 1. 00 .m ..The aci f the bholl ar S lies 1
BRI GERL A SrPSweERR o Srstin o PGt on REHE Hiorcement
mehntbetsadd, dloiveter, dRtedifRbdrsd 2 ascmaidee®pposad € &fer @RgSide) of the
such that their reinforcenent nenbers 30 are dj sposed

bolaAersanB)y & ofhhes paehiclexispectiog abmeatiractigmhet sises the bollard

meRfHRP$H tife w%réasgamq& 14BRR Y hﬂﬁfu@%ﬁf&mnyqf%heri gLty WAGout the
the expected i1 npact. For exanple, if an inpact is

reigfopreoteatimembens 30 do stelitizoihre dollgyd tabseibtyolvar slicenttiyrlatge impact

Sj Q ollard assenply . 1. the reinforc t
woikePle 85 b e fRa R s ies ahE b il BT Lo sypuatty
angs_wingalﬁdﬂatféckfﬁg echiele ma(ﬁj 13«51@;31@1&?t’fhl@nﬂaiiagjlhselrrﬁaaf1 mb?m 80, prgf/')ﬁed on
| S e n a second side, (opposed to the ti1rst sige ]
a e gﬁéeﬂ&?m BFSERYE N PRPORItS Vhei PG AMBAct &5 & et tensile
amg’glloé‘cgnﬂ’eisﬁﬁlt fofdes Yestiltik Kot b @mﬁ&,! At Qhég@fgbﬁinié%ing H?ing and

|l ard assenbly 1 tends to ti in the direction o
praveetingngisledgemant picthe beltred pesiembbr belembollnedissesblzdl may also be

el | | i I
oSNl 5 124 00 AP R A 6 bl i Srom
adjabent bolldrdngtembientl y 1 and eventual ly all ow ng the

attacking vehicle to penetrate. The reinforcenent
menbers 30, provided on a side of the bollard assenbly

1 opppst FRink @l erseXREe6T 8CbdIRRPE MRS nad Yee#tBdr enhanced by
tensil e and/or conpression forces resulting from an

confeptng sevandl bollardisyseribhipsite inigyvide 12 pehgsiapdnprliasiont having an
S REREP b e 4 9Lty Ty bR gy o
mapé rebhes 104 inmefydrectbreeded thimople perf@aticns @8sp deduteamatiate platan26 of
theal():gsgl %sesre]}nbﬁgsl (l) a{cgac%l?tsb%ﬁgrlcf aes“g’emlﬁlies arrénged at a predetermined distance
from one another (see FIG. 4B). The rebars 104 may be removably arranged through the
perforations 28, or may be fixedly attached, such as by welding to the bollard assembly 1,
at the installation site. As illustrated in FIGs. 4B and 4C, a first plurality of rebars 104
are provided through intermediate plates 26 of adjacent bollard assemblies. A second
plurality of rebars 104 may also be provided in a generally perpendicular directing
intersecting the first plurality of rebars 104. As shown in FIGs. 4B and 4C, the various
rebars 104 intersect the bollard assemblies to form a grid arrangement. The various
rebars 104 and reinforcement members 30 and at least portions of the base assemblies 20
are encased in a bonding material, e.g., concrete to provide a reinforced foundation pad
106 for the installation 100 (see FIG. 4D). When one or more bollard assemblies in a
completed installation 100 is struck by a vehicle, the enlarged base area formed by a
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I mpact rating of an installation of bollard assenblies

may be further enhanced by connecting several bollard
wa@e@enplores to provide a cohesive install ati onP¢ESGHY7/000035

an enl arged effective base area which in turn

i ncreases stability. To this purpose, one or nore

rebars 104 rmy be threaded through perforations 28 in
colyialid, BF BB o8Bl M8 20 g BGRE PE SREROARS R varins
bohaxﬂd&hmbﬂwqﬂo‘ddshaﬂuﬂﬂe ffmmmtaiﬁmetoan@tstrein ieemdal Gf tHBpollard

TE&)} repars 104 may be renovably arranged through the
aS$5EY1IEY &t i ons 28, or may be fixedly attached, such as

by welding to the bollard assenbly 1, at the

installation site. As illustrated in FIGs., 4B a

a fiFlGs 59 endalB exp V@fIOVSeM$P§Ct1@4V1W%Ome§WP’§é%D’Q“Fﬁquf@‘??rs 104.
A EGIATRE bl R o4 o BheREL RS hee RN oF LRSRANE diSepotie
while othey eebarsa] mmqgrdiepspmdadcaphmfronm thebdllandjasserniliesect i ng

the first plurality of rebars 104. As shown in FlGs.

4B and 4C, the various rebars 104 intersect the

bol !Aab@lncﬁﬁ%&fawrmg% g QodPét8) Ma bé Providedrig e iténchTHR to anchor

re

vari ous ars 104 and reinforcenent menpers 30 a t
the watetatirwy tojthmsitegmd o prayifee reindersed ?@gr%foaviat@ﬁdﬁaééeg If it

is IdBsifk bt%”é@g@%lm §5§eaéssen%d19 20 (El%gﬁéfs@ta%setr&l?Q@Vérfaereﬁlforcement

reln orce oundat i on pa r the installation 100
mdrslees B0 @aym) encdfedninghe bomdmg) metdsial.| dodhiswiepase @dayenof the

nst a t
BRI N A
as§eRibly Q0 @@mbalﬁenbbérﬁatﬁz@lbﬁﬂté b’oﬁﬁmgmal&&hl may be suitably provided
i nterconnecting varj ous bo d ol i
to gl 0B RIREES 1 oE SRS 0 1% GG ot S BREM A ety wit
anPREGARL| Bffade, ¢ F# @?oun@A GitfonalB), a\faﬁoﬂﬁﬁm@l&é‘é @gr HMRCEH M6 other
views of possib | ayout's of Trebars 10

foirhd of pavar eehterinds may e rdispasesl aroundnily hoHﬁrér@@eberbHé eA finished
appeabgrgrsgld{ %§ ugl)Jtalfa 8n (b,gllié&r&g% ?@@élgaﬁ(? ﬁ?@x’nhﬁefs% hlg.[strated in FIG.

4 &SWBWhIth@BaseAsstmmbdiy ﬂ@ 1sm§xmeealad whide gevecd rbonaﬂenenfw] Ii9eproject
provided in the tr

ench 10 t
ot BiHEOE, BiecRarEy FPBYF oL a0 G FOPR 8l TeREt eemle, the
bl GRARP WRGhal06e rbinfdrted by filing with a rlgld material with high

compressive strength, e.g. concrete. FIG. 4D illustrates a completed installation 100 in

which the top plate 22 of the base assembly 20 is substantially flush with an adjoining

ground surface.

FIG. 6A is a perspective view of a perimeter barrier installation provided with
rebars 104 prior to encasing in concrete. FIG. 6B is a perspective view of the perimeter
barrier installation 100 of FIG. 6A in a completed state in an exemplary setting.
Although FIG. 6 illustrates the installation as an array of bollard members 10, various

modifications may be made to the installation. For example, the installation may be part
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is desired to conceal the base assenbly 20, the base

assenbly 20 and rei nforcenent nenbers 30 may be
wep@aser7i n the bonding material. To this purpPEESG207/000035

| ayer of the bonding material, between about 2.5 cmto

about 6.0 cm nay be provi ded above the base assenbly

20 to conceal it. Alternatively, the bonding materi al

of %éét E@mﬁt‘x’ﬂet 92%?9&%2?0?@ dﬁb% ?5% gl esgél%?s BEARs %ﬁan@érs and

ase ass substantial l'y
tragt bish Thhis Wamhad]smilmmnmefrau@recbngre agstbetivd.
Optionally, various finishes, e.g., tiles or any other
forms of paver materials may be di sposed around t he
bol IAalgﬁhdmniaeuhon)f ﬁtﬁlillﬂgﬁﬂgmr@njgft!)filrlﬁihlgﬂi afseidblies at a site is
installatjion conpri,sing sever ollard a es
descripes f dpBeivs n TﬁﬂPGMlS?WW% ﬁy teEAVEHRS aaéreﬁ?ml Yensh 11%% for

rec%@ﬂ\fﬁgﬂlaeegoll’é@d SeRBUS. abilelsidrs beWﬁ@’Ql%ﬂclﬂQOPrv%uﬁPﬁepend on a

I‘OUﬂ site to arrest |npacts p
henghistequirat phHthedfollptds, ﬁp@mn&bdtmsxs adiptdng dollarp @sssoibliey a5 well as

thegglfn F\‘.le:lglils tn?x% t{%ge s%érﬂllg_rgr 0 ah Véms rl:én[ﬂ(g}t ﬁﬁe‘rxl&)e?s 5. gAgcordlng to

embommatse)f tid 163ven41BnJ d depgt dfahe'serahdozmiagtrmgeleMmh Iabuut 0120 m
in which the_t |ate . e base asse

20, ..
to 600 R0 B DR . Ll R i B P A Pt O Drovded in

thStEdACID? t61f6im @Aeted s@rf&b@rféxp@éé&|1H§allé't16ﬂvo@ftheabd!ﬁfd sRé@blies 1.
barrier installation grOV| ded with rebars 104 prior to

Subsequeithyg aiphurglitycefenrefabumatsd @arcgasaerpbh@plemw\k@ ajjaggpdom the
treé%le lpfr E%)% at%dt %9% 'p%deieﬂﬁfn@{i bR FH0wRh A{: Gen(@Aﬁ rbfathelr

an exenplary setting.
relﬁfoirctelmmt mhﬁsrst?«@espacrcdtaahﬂt &oimoadlj asntabollard @yer@lﬂlebdl IQmISbnally,

rs 10, various be e.tq.th .
o rDragnora phsoncres Ty Berostdeas 5 PRy oot (R SRub A shhbties 1
in padiie. street furniture, e.g. lighting posts, signage
posts, bus shelters, benches, planters and trash bins.
Thi s may, the installation may be rendered nore

aesthy % 4%993 bt tﬁ@ipmgltw flwﬁéﬁldsbéﬁ%lﬁs Al W loviding the

of bo asse ies at a site is describ
retfagd K%ﬂuo@@psmpelate@epﬁowam’e% byt}@xntamdla’cg phite§ &l 4fshe base

asﬁ“f%‘%g én f]?lgl’{l ef (} rre ar% qﬁggncp ﬁqlﬁirgc{r%gg%ﬁ%&z& depend on site
conditions as well as the desired impact rating required. A bonding material, such as
concrete, is then provided to fill the trench 102 as well as to anchor the bollard
assemblies to the site. If it is desired to conceal the base assembly 20, a layer of the
bonding material may be provided above the top plate 22 of the base assembly 20. This
layer may range between 2.5 cm to about 6.0 cm but is not limited as such. Otherwise, if
it is desired to have the top plate 22 of the base assembly 20 flush with an adjoining
surface, the bonding material should accordingly be provided surrounding the top plate
22. The bollard member 10 may be filled with a rigid material of high strength, e.g.

concrete. Optionally, paver materials may be installed around the bollard members 10.
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hei ght required of the bollards, spacing between

adj acent bollard assenblies as well as the di nensions
woRowigdbase assenbly 20 and rei nforcenent menmPEr/SGB07/000035

According to enbodi nents of the invention, a depth of

the trench 102 may range between about 0.20 mto about

1.00 m Optionally, a leveling material, such as

CoNg{ gli&y 'ﬁﬁbfer%ocﬂ’ﬂﬁ\’b@l&derhﬁbdﬁrﬁ&é Wp@ ﬁ%%ntt(? {h%mmed in

| evel surface for easy installation o 7 ar
th%l@éefmlhlmSIQGFamb@éthen}ndcgﬁca@rphm aractlye of the present invention.

A N e N Mo e

and mdt toi lmé fHeeﬁveﬁim?ﬁ 38e gifnbbdimemts aﬂadll féagﬁéﬁi@ﬂibbleﬂlﬁﬁbﬁﬁlould be
3Q,space art_from adj,acent asse ies 1
cowi‘?r%ﬁ Tdrs, wids fhe 1myetion bee gf‘gjw&? by dherpppensied Glaiss- ded
at this stage to set the bollard assenblies 1 in
posi tion. Rebars 104 may connect the plurality of
boll ard assenblies 1 by providing the rebars 104
t hrough appropriate perforations 28 in the
internedi ate plates 26 of the base assenblies 1. The
nunber of rebars 104 and their arrangenent woul d
depend on site conditions as well as the desired
i npact rating required. A bonding material, such as
concrete, is then provided to fill the trench 102 as
well as to anchor the bollard assenblies to the site.
If it is desired to conceal the base assenbly 20, a
| ayer of the bonding nmaterial nmay be provi ded above
the top plate 22 of the base assenbly 20. This |ayer
may range between 2.5 cmto about 6.0 cmbut is not
limted as such. O herwse, if it is desired to have
the top plate 22 of the base assenbly 20 flush with an
adj oi ning surface, the bonding nmaterial should
accordi ngly be provided surrounding the top plate 22.
The bollard nmenber 10 may be filled with a rigid
material of high strength, e.g. concrete. Optionally,
paver materials may be installed around the bollard
menbers 10.1t is to be understood that other
enbodi nents will be apparent to those skilled in the
art from consideration of the specification and
practice of the present invention.
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Furthernore, certain term nol ogy has been used for the
pur poses of descriptive clarity, and not to limt the
w0 poogf09i9on. The enbodi ments and features descrP@ESG2007/000035
above shoul d be considered exenplary, with the
i nvention being defined by the appended cl ai ns. d ai ns
1. A bollard assenbly conprising: a base assenbly
C%aving an | -beam arrangenent, the base assenbly
M¥Viding a base area; a bollard nenber attached to
the base assenbly; and a first reinforcenent nmenber
attached to_the base assenbly and extending in a
L. o bellard grfemblytogineisiigt v per pendi cul ar to the bol | ard

o i 1, 86 bhed 4 i
et S BB 3k, 1 U0 Lty o

basoapai ses: a top plate; a bottomplate; and an

i nt ernedi at e S rtd ) pl ate and the
botﬁH%ﬁSVQP%?Q%%éggFﬁggﬁggﬁ%%m%%§¥%?ﬁghe bottom pl ate
and g fist rdiiforcemeniinemperdtechedetoatht daseegbs¢mblyhedladdnding in a

.menber. 3. .The bollard asse of claim rein the
AR b PerERd CHaHBaRe bt ParoREdo hRrHfRh B Al
plate. 4. The bollard assenbly of claim 3, wherein the
internediate plate is perforated to receive a rebar
2.{The bellarf pssemily of clajmel , pdietel e Ibeunpirgngsment eanpriges:
mhera'g fhe bol | ard assenbly further conprises a
second’ PEIMf or cement member attached to the top plate
and sepenmailetefandm t he first reinforcenent nmenber. 6.

The bol | ard,.ass ly of .claim5,. wherein . a |ength of .
{he PeniBrUSREIRe mrraEing B Rrobielirre ik o8ty Rty gperein the
to Peatd) AeLoAS ML ¥nd the intermediate plate are attached to the bollard member.

3. The bollard assembly of claim 2, wherein the first reinforcement member is attached

to the bottom plate.

4. The bollard assembly of claim 3, wherein the intermediate plate is perforated to

receive a rebar there through.

5. The bollard assembly of claim 4, wherein the bollard assembly further comprises a
second reinforcement member attached to the top plate and separate from the first

reinforcement member.

6. The bollard assembly of claim 5, wherein a length of the reinforcement member is

greater than a length of the base assembly.

7. The bollard assembly of claim 1, wherein the I-beam arrangement comprises:
a top plate;
a bottom plate; and
13
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7. The bollard assenbly of claim1, wherein the |-beam

arrangenent conprises:. a top plate; a bottom pl ate;
wae@a/opioar al ity of internedi ate pl ates arrangePCEEGZN07/000035

angle with one another to support the top plate and

the bottom plate, wherein the top plate, the bottom

plate and the plurality of internediate plates are

at t g ﬁdgﬁlqh@foftnﬁk tel;Jté‘ teg‘ﬁﬂgx‘? g ea§arf I&Z? beh loﬂ% Gnother to support

asse ereln
the md)leqoma@l iand ehqobattcms pdate, wherbinr mbetdp tpdate, eﬁhelhoetom plate and the

bt SR Al B Mmoo ocond

rei nforcenent nenber attached to the top plate and
separate fromthe first reinforcenment nenber, wherein

t”ﬂ@ ballagd aﬁSémhfyOPf: sleimt7, ihsein the phiralify i dntesmediate plates are
ly of cl 1,
pep R QTR 0 ghilali W Bl REA disaaID Y OF SLam

mat eri al . 11 The bol | ard assenbly of claim1l1, wherein
t ceive
9.t ﬁZ\egﬁ hart% asi;enﬁrgb:}b 3£ %lagn ﬁn@ﬁg’f cc{“ﬂ’élSB ecor{;}ﬁ"l 5e1%f0ﬁggwm member
atthehed B &lllebtlip| pditel af® sepabity frof the @r@rﬁ;ﬁfor@dmemnﬂob@ whekdin the
material is concrete. An installation conprising:
firgt rginforgemeng nt?mbsasw&ﬁﬁwgé%@ﬁt?mt@g PHitsposed at a

predet erm ned di stance from one anot her, each of the
plurality of bollard assenblies conprising: a base
10asEherboNarth asdemphanf tlaive dmwhereim therhottardazsgemplydogipnigesaa steel
Ingggg area; a bollard nenber attached to the base
assenbly; a first reinforcenent nenber attached to the
base assenbly to enlarge the base area; and a

léh{lﬁjifoglt %ﬁgggscleﬁ%n?e Lerel t&lh%oﬂarldrmemgé is to receive a fill

material therein to increase a mass of the bollard assembly.
12. The bollard assembly of claim 11, wherein the fill material is concrete.

13. An installation comprising:
a plurality of bollard assemblies disposed at a predetermined distance from one
another, each of the plurality of bollard assemblies comprising:
a base assembly having an I-beam arrangement and providing a base area;
a bollard member attached to the base assembly;
a first reinforcement member attached to the base assembly to enlarge the
base area; and

a plurality of rebars connecting the plurality of bollard assemblies.

14. The installation of claim 13, wherein the first reinforcement member includes a free

end spaced apart from an adjacent one of the plurality of bollard assemblies.
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14. The installation of claim13, wherein the first
rei nforcenent nmenber includes a free end spaced apart
wo e@mogre7adj acent one of the plurality of bol | B€TSG2007/000035
assenblies.15. The installation of claim114, wherein
the | -beam arrangenent conprises: a top plate; a
bottom pl ate; and an internedi ate plate supporting the
t | at e,
15, e R BB L, PR E Beartith o chonighRed
attatcihledlateo the bollard nenber. 16. The install ation
of clalml rein the internediate plate is
perfa %tS E1“]§C:ei ve the plurality of rebars there
t hr Qtughtenﬂgdlaté'lpﬁt& Buppattingtth® topodlate|aall hel Bottom Plagd, Whdrein the
st side of the base assenbly is to receive an
t01i> tee thebotfompdate prdsthe rrwmeélraeéﬂ@tﬁ ererpsiahed tp dhejballsekmgmber.
on a second opposed side of the base assenbly. 18. The
installation of claim15, wherein the base assenbly,
16t e finstallatiow ofitloine & fewherpiprthe interaediatenplatel isipeiforatedgb receive
X ed in a bonding material. 19. The
th{ﬁ@?%‘ﬁ (g{ﬁ%%%g%%%ctg?lu%l'l& wherei n the bonding materi al
has a thickness between about 2.5 cmto about 6.0 cm

t b 20 Th | at of cl
173 30 el of SHamoin “BhePrelthage SEBeRBISAS S aareve an
1m§5’& thd Ah? BrsirdiRforRRieht lgelﬁgernib désboscling 4 B3bad bds@si of the

claim 13, wherein the bollard nenber is to receive a
bagq gspemblyeri al to increase a mass of the bollard
assenbly. 22. The installation of claim?2l, wherein
the fill material is concrete. 23. The installation of
18c ITaie rinétsl,lati\mhecvfeélmirrt hé, tasreinatdeebdst yassesnbdly, stho Sast winfbiceament

rade | evel. 2 installation of
RS AR AN o PP PO S0ron MG T o renber s
formpart of a street furniture.

19. The installation of claim 18, wherein the bonding material has a thickness between

about 2.5 cm to about 6.0 cm above the base assembly.

20. The installation of claim 13, wherein a height of the base assembly is between about
0.20 m to about 0.50 m.

21. The installation of claim 13, wherein the bollard member is to receive a fill material

to increase a mass of the bollard assembly.
22. The installation of claim 21, wherein the fill material is concrete.
23. The installation of claim 13, wherein the base assembly is disposed within about 1.00

m below grade level.
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25. A nethod of installation, conprising: formng a
trench; arranging a plurality of bollard assenblies in
wo b@709wnch separated from one another, a firsSPCT/SG2007/000035
rei nforcenent nenber of each of the plurality of
bol | ard assenblies having a free end spaced apart from
an adjacent one of the plurality of bollard
2SARRLLERion SRANEAS LIRS (RE BRAI 5 b RRbddHhEnbers form part
asse res wth apIUraliy of rebars; and encasing a
ofplstrealfumytuef base assenblies of the plurality of
bol l ard assenblies and the plurality of rebars. 26.
The nmethod of claim 25, further conprising: providing
253 Alnhdihd®dBhdtalation, cdniphiging! i ty of bollard nenbers of
the plurality of bollard assenblies to increase a nass
of tpanipgatgnely of bollard assenblies. 27. The nethod
of ' [ ity b r e
For anpé & pHRALE o7, BB LAY 4P gy QUi pBRERCHom one
anothai, m A8t reindore¢ment heerbes i heabla of ahé gilughlity off Ixdtawe essemblies

ha%lkﬂ%uztx f(r)éezce)ncﬁn stpgce%bgﬁjatrt %r'o%o an’ adjacent one of the plurality of bollard

assemblies;
connecting the plurality of bollard assemblies with a plurality of rebars; and
encasing a plurality of base assemblies of the plurality of bollard assemblies and

the plurality of rebars.
26. The method of claim 25, further comprising: .
providing a fill material in a plurality of bollard members of the plurality of

bollard assemblies to increase a mass of the plurality of bollard assemblies.

27. The method of claim 26, wherein the plurality of bollard members form part of a

street furniture.

28. The method of claim 25, wherein the trench has a height of between about 0.20 m to
about 1.00 m.
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